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Foreword

“Scarcity and misuse of fresh water pose a serious threat to sustainable development and the
protection of the environment,” This statement was adopted at the International Conference on
Water and the Environment, held in Dublin in January 1992 in preparation of the United Nations
Conference on Environment and Development (the Rio Conference). The Conference pointed to
irrigation as by far the largest single user of water: “Irrigated agriculture accounts for about 80%
of water withdrawals in the world. In many irrigation schemes, up to 60% of this water is lost on its
way from the source to the plant. More efficient irrigation practices will lead to substantial fresh
water savings.”

The twentieth century has seen a massive growth in irrigation. About 35 percent of all food is
produced on irrigated land, and this is the primary factor enabling mankind to feed an ever increas-
ing population. However, it is not only the population increase that necessitates a raise in produc-
tivity of both land and water in irrigated agriculture. Competition for good quality water comes
from urban uses of water, such as those for drinking and sanitation, and from industrial use, while
both urbanization and industrialization add to the pressure on land.

The need to produce more food with fewer resources requires that performance of irrigated agri-
culture in terms of water and land utilization improve. To achieve this, irrigation managers, whether
at national, system or farm level, will need to work hard to meet the challenge of the future. The
International Irrigation Management Institute (1IM1) helps national irrigation agencies and other
institutions to improve the management of water resources. IIMI aims to achieve the development,
dissemination and adoption of lasting improvements in the performance of irrigated agriculture in
developing countries through generating knowledge, strengthening national research capacity in
irrigation management, and by supporting the introduction of improved management and policy-
making.

Once a year, [IMI’s researchers working in some ten countries come together at the Internal Pro-
gram Review at IIMI Headquarters in Colombo to discuss recent research findings. This volume
contains the papers presented at the December 1992 Internal Program Review meetings. Together,
these papers give an insight into the wide scope of I[IMIs studies as they reflect the geographic
diversity of the countries where IIMI works. The topics of the papers range from system perfor-
mance to institutional performance, where the “institution” is a public organisation or a group of
farmers involved in iocal management of their own system. Other topics discussed at the 1992
meetings include the cost-effectiveness of system rehabilitation, conjunctive management of canal
water and pumped groundwater, environmental impacts of irrigation, participatory approach to
management, and management information systems.

The commeon thread running through all these papers is irrigation performance and the potential
for its improvement. The challenge for us is to derive lessons of transnational importance and
applicability from the many country-specific studies. The papers presented herein give you an
opportunity to see how we go about meeting this challenge.

Jacob W. Kijne

Director for Research

International Irrigation Management Institute
October 1993
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CHAPTER 1

Irrigation Management
in the Fordwah Branch Command Area,
Southeast Punjab, Pakistan

Marcel Kuper and Jacob W, Kijne

INTRODUCTION

IN 1989, IIMI-PAKISTAN started research under the Dutch-funded Waterlogging and Salinity Project
at three sites in Pakistan’s Punjab, where the International Irrigation Management Institute (IIMI)
had previously carried out studies on equity of water distribution.

When IIMI started its research under the project, the authors were requested by the Secretaries
of the Irrigation and Agriculture Departments to initiate further studies in the area of the Fordwah
and Eastern Sadigia canals in Southeast Punjab. The area is enclosed by the Sutlej River, the Indian
border and the Cholistan Desert and is known to be severely affected by salinity and high water
tables. Extensive surface and subsurface drainage schemes have been planned for the area, and
one is now under construction in an area overlapping the site I[IMI selected for its study. As the
objectives of the project stipulate that research should be done in areas of incipient waterlogging
and salinity, the selected sites are not among the worst affected by salinity or waterlogging in the
entire service area of these two canals.

The research objective is to identify possible improvements in irrigation management which
may lead to prevention of further land degradation and which could mitigate the effects of salinity
on crop production. It is by no means certain that the underlying hypothesis, i.e., improved
management can prevent further deterioration, can be demonstrated to be correct. In fact, much of
irrigation history indicates otherwise; once water tables are high and secondary salinity has become
a source of much reduced productivity, reversal of these trends can only be achieved through the
installation of (subsurface) drains for lowering the water table, Salts in the root zone can be leached
successfully when water tables have been lowered unless the salinization process proves to be
(nearly) irreversible due to sodicity-induced loss of soil structure and very low infiltration rates.

However, soils in the research area are light textured and, over most of the area, capillary rise
from water tables is not likely to reach the plant roots. Moreover, there is considerable tubewell
development in parts of the area which may be sufficient to maintain the water table at the present
depth. The wbewells in the area are mostly privately owned, as the area is not part of a Salinity
Control and Reclamation Project (SCARP) which would have entailed the installation of public
tubewells. The reason is that the quality of groundwater was judged too saline to justify the cost
of installing public wells. This is undoubtedly true for much of the area under the command of the
Fordwah and Eastern Sadigia canals, but, as farmers have found out to their own benefit, it is not
true for the riparian zone along the Sutlej, or for the areas close to main canals and distributaries
where seepage provides a thin layer of “sweet” groundwater that can be tapped for irrigation.
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The wremendous development of groundwater use in irrigated agriculture in the Punjab,
through SCARPs and private tubewells, which was initiated to bring down water tables and hence
contribute to mitigating problems of waterlogging and salinity, has contributed substantially to the
development of secondary salinity, as recent research suggests (VanderVelde and Kijne 1992).
Even in areas with low groundwater tables, a process of salinization has been observed to occur.
Obviously, these environmental hazards impacting on agricultural production and related to
irrigation practices are issues that cut across the traditional compartmentalized: institutional

structure of Provincial Irrigation and Agriculture Departments and the federal Water and Power -

Development Authority (WAPDA). This was recognized in the early twentieth century, when the
Punjab authorities decided to establish multidisciplinary committees to investigate emerging
problems of waterlogging and salinity.

However, at present, precious little information is shared by the various line and research
agencies involved in irrigated agriculture on problems of waterlogging and salinity; an indication
of the lack of coordination between these agencies on these issues. The present study focuses on
the surface irrigation system and the agency directly responsible for operation and maintenance of
the system (the Punjab Irrigation Department). The results of this study will, of course, have to be
incorporated in a larger framework, linking irrigation management more clearly with problems of
waterlogging and salinity that affect crop production.

The paper describes system performance at main-canal level (Fordwah Branch), distributary
level (fourteen distributaries that take off from the Fordwah Branch) and eight sample watercourses
offtaking from two distributaries in the tail reach of the subdivision. It does so in terms of
performance parameters that allow the performance of the Fordwah Branch Systemto be compared
with other systems. The paper also describes the rules and regulations of the engineers of the
Irrigation Department who are in charge of system operation, and compares the reality of operation
with the nominal rules. Analysis of the results obtained thus far lead to a number of (tentative)
suggestions for improvement of the management of the system. These and possibly other
management innovations need to be implemented through collaboration of the Irrigation
Department and IIMI and their effects monitored, before an answer can be given to the research
question posed above.

RESEARCH LOCALE

The Fordwah/Eastern Sadigia area is located in Southeast Punjab and is confined by the Sutlej
River in the northwest, the Indian border in the east and by the Cholistan Desert in the southeast
(see Figure 1.1). It commands a gross area of 301,000 hectares (ha), of which 232,000 ha are
culturable and commendable.

The climate is (semi)arid with the annual evaporation (2,400 mm) far in excess of the annual
rainfall (260 mm). The area is part of the cotton-wheat agroecological zone of the Punjab, with
cotton, rice and forage crops dominating in kharif (summer season), and wheat and forage crops
in rabi (winter season). In the Fordwah Division, almost a quarter of the area is cropped with rice
during kharif, mainly in the alluvial areas of the Sutlej. In contrast, the Eastern Sadigia Division,
not forming part of the riparian tract, is almost devoid of rice; only 5 percent of the area is cultivated
to rice.

Fordwah Canal and Eastern Sadigia Canal receive water from the Sutlej at the left abutment
of Suleimanki Headworks (Figure 1.1). Both canal commands were developed uzder the Sutlej
Valley Project of 1921, which was launched to increase the reliability of the water supply to
low-lying areas along the Sutlej during kharif. These areas were previously irrigated by inundation
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canals. An additional objective of the project was o supply water to higher lands closer to the
Cholistan Desert. The system derived its water originally from Beas, a pributary of the Sutlej, but
since partition, when the link canals that connect the rivers of Punjab were constructed, it receives
its supply through the link canals from other sources. In kharif, the supplies stem mainly from the
Chenab and in rabi, they come from the Mangla Reservoir.

Figure 1.1. The Fordwah/Eastern Sadiqia area in Southeast Punjab, Pakistan.
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To distribute the available, limited water supplies over the Fordwah/Eastern Sadigia System,
some areas, which are prone to waterlogging, were labelled non-perennial (i.e., they only receive
water during kharif; April-October) and others perennial, with supplies the year round. The
non-perennial canals would receive a maximum of 3 allocations per rabi season to “save the wheat
crop” (Siddigi 1991).



There are no public tubewells in this area. However, a large number of private tubewells have
been instatled, especially towards the river. Exploitation of groundwater in these command areas
varies widely, being influenced by access to canal water supplies and limited by the quality of the
groundwater. , ’

The total extent of land affected by waterlogging was reported to be around 380 ha (0.2 % of
the Culturable Command Area [CCA]) and that affected by salinity was 36,400 ha (16 % of CCA).!
An increase in the waterlogged area was reported after the 1988 floods. Extensive surface drainage
schemes have been planned, and one is now under construction in part of IIMI’s research area.

The riparian tract, traditionally commanded by the inundation canals, was inhabited long
before the implementation of the Sutlej Valley Project. The farmers in this area, often referred to
as “locals,” usually have larger landholdings (see Table 1.3 on page 7), make more use of external
labor and tend to have a wheat-cotton farming system. The general perception about these locals
is that they are uncooperative (Van Waayjen 1991).

By contrast, the farmers in the higher areas that were developed afier the introduction of
irrigation are locally known as “settlers,” and are considered cooperative and more “progressive.”

New Developments

During the annual closure peried of 1992, a highly publicized province-wide desiltation campaign
was launched by the Chief Minister of Punjab. Canals that had been poorly maintained for years
were to be upgraded during closure, larger distributaries were to be cleaned by contractors and the
smaller distributaries and minors were to be desilted by farmers on a “self-help basis” (Van
Waayjen and Bandaragoda 1992). In the Fordwah Division, a large portion of the canal system
was actually desilted during the closure period. In addition to this, a number of head-end outlets
in distributaries were remodeled to restore their dimensions to the design values.

Research Area

Part of the Fordwah/Eastern Sadigia Irrigation System, combining perennial and non-perennial
canals in its command, was chosen for the study. A distinct hydraulic (sub)unit (Chishtian
Subdivision) was selected starting at RD? 199 of Fordwah Branch (offtaking from Fordwah Canal)
and going down to the tail at RD 371; it includes the 14 offtaking distributaries. The total length
of this stretch of main canal is 52.4 km with 24 direct outlets, and it commands a total CCA of
67,597 ha. The design discharge of Fordwah Branch where it enters the study area is 33 m%/s. In
Table 1.1, the main characteristics of the 14 distributaries are presented.

The study area forms part of the Fordwah Division, which falls under the administrative
control of the Executive Engineer (XEN), Fordwah Division. The Division is divided into three
subdivisions. The study area is located in the tail subdivision, Chishtian, headed by a Subdivisional
Officer (SDO), a qualified engineer who is responsible for the operation and maintenance (O&M)
of the canals in his charge.

I Letter from Superintending Engineer, Bahawalnagar to Chief Engineer, Bahawalpur on 31 January, 1984.
2 RD = Reduced Distance from the head of a canat {(in 1,000 feet).
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The Chishtian Subdivision is further divided into five sections, each headed by a subengineer

who is responsible for the day-to-day O&M of a portion of the main canal and its offtaking
distributaries (see Table 1.2).

Table 1.1. Characteristics of distributaries in Chishtian Subdivision.

Name of Offtake at CCA Status Design Water
distributary RD (feet) (ha) discharge allocation

(m%s) (Vs/ha)
Daulat 2454600 13,570 NP 59 0.38
Mohar 245+600 1,446 NP 1.1 0.49
3L 2454600 1,166 NP 0.7 0.49
Phogan 267+700 949 NP 0.5 049
Khemgargh 281+000 2,032 NP 0.8 0.38
4L 2814000 877 NP 0.5 0.49
Jagir 297+500 1,604 P I.1 042
Shahar Farid 316+400 10,255 NP 4.3 0.38
Masood 316+400 3,295 P 1.0 0.25
Soda Minor 334+000 4,093 NP 22 0.49
5L 348+800 357 P 0.1 0.25
Azim 371+600 12,199 NP 6.9 0.49
Mehmud 3714600 813 p 0.2 025
Fordwah 371+600 14,941 p 4.5 0.25

Notes:  P=Perennial
NP= Non-Perennial

Table 1.2. Sections of Chishtian Subdivision.

Section Area of authority, Area of authority, distributaries (RD)
Fordwah Branch
{RD)

Takhat Mal 199-281 Mohar, Daulat ((~63), 3L, 4L, Phogan
Chak Abdullah 281-334 Jagir, Masood, Shahar Farid (0—47), Soda
Chishtian 334-371 5L, Mehmud, Forwah (0-64), Azim (0-52)
Khemgarh —_ Daulat (63-tail), Shahar Farid (47-tail)
Hasilpur —_ Fordwah (64-tail), Azim (52-tail)

The Fordwah Branch has six control points (cross-regulators) in the Chishtian Subdivision (see
Figure 1.2), with distributaries offtaking just upstream of five of these regulators (RD 199, RD
245.RD 281, RD 316 and RD 371). The remaining cross-regulator at RD 353 controls the water



6

level in the Fordwah Branch itself with only a very small distributary (5 L) offtakmg upstream of

this control point.

Gauge Readers observe the water levels twice daily at all these control points and the data are
transmitted through signalers to the SDO and/or to the XEN via telegraph, and on the basis of these
data, the irrigation officers are supposed to take decisions regarding the operation of thc irrigation

system in their (sub)division.

Two major distributaries offtaking at the tail of Fordwah Branch were studied in-mote detail
to assess the impact of main system performance on the water distribution at secondaryilevel. Eight
sample watercourses were selected along the distributaries to study the effects of the operation of
the irrigation system at field level. The main characteristics of the eight watercourses are presented

in Table 1.3,

Figure 1.2. Layout of Fordwah Branch.

1 3
2 _—-vr-vvvvv—vvv—l -t —
4
5 6
7 —
8
o— T 1
10
11

12 13

14

RD

RD

RD

RD

RD

RD

RD

RD

RD

RD

199

245

267

281

297

316

334

348
353

371

W =

@ un

10.

11.

12.
13.
14.

. Daulat
. Mchar
. 3-L

. Phogan

. Khemgarh

. 4-L

. Jagir

. Shahar Farid
. Masood

Soda

Azim
Fordwah
Mehmud

44— —-cross-regulator

Focrdwah Branch

—JﬁrgEstributary

e e e S

e v e e T



Table 1.3. Characteristics of sample watercourses.

Watercourse CCA (ha) Number of Design discharge

landowners (/s)
Azim 20610 L 119 10 459
Azim 43260 L 66 6 26.3
Azim 63620 L 121 14 59.2
Azim 111770 L 119 19 45.9
Fordwah 14320 R 196 46 49.3
Fordwah 46725 R 172 14 447
Fordwah 62085 R 133 | 45 334
Fordwah 130100 R 256 42 64.6

Research Methodology

A comprehensive set of primary data was collected from June 1991 to October 1992, focusing
especially on rabi 1991/1992 and kharif 1992. To study the performance of the main system,
discharges were monitored daily by recording water levels and gate settings at all control points
in the Branch Canal and at the inlets to the distributaries downstream of RD 199, This was
complemented by interviews with the operating staff using a formal questionnaire.

As part of the study at secondary level, discharges were measured daily along the two sample
distributaries, Fordwah and Azim, during kharif 1991 and readings of tail gauges in both
distributaries were recorded daily from rabi 1991/1992 onwards. In addition to this, the daily water
intakes of sample watercourses were determined.

The operation of tubewells in the command areas of sample watercourses was also monitored
daily from June 1991 onwards. Basic socioeconomic data for the sample watercourses, and the
status of the warabandi (“fixed turns”) were obtained through formal questionnaires.

SYSTEM REGULATION — OFFICIAL DIRECTIVES

The Fordwah Canal System, as previously mentioned, is part of the Sutlej Valley Project, which
was designed in the 1920s and has been in operation since 1927. The operational objectives, no
different from the rest of the Indus Basin Irrigation System, were to allocate and distribute water
within as large an area as feasible and as equitably as possible (Bandaragoda and Firdousi 1992),
after which farmers would share the water among themselves through a flexible roster of turns
called kacha warabandi®. This warabandi was agreed upon by the farmers themselves, with the
Irrigation Department (ID) interfering only when disputes arose. About 20-30 years ago, an
increasing occurrence of disputes over the distribution of water in watercourses led the ID to

3 kacha = informal, wahr = tumn, and bandi = fixed.
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intervene in the vast majority of watercourses and fix an official roster of watet turns, pacca
warabandi (pacca = official).
In the design, the area to be irrigated annually was based on the availability of water and the

total Culturable Command Area (CCA) with fixed design cropping intensities. In the Fordwah ‘

Division, the non-perennial canals have a cropping intensity of 70 percent {35% in khanf and35%
in rabi), whereas the perennial canals have a cropping intensity of 80 percent (32% in kharif and
48% in rabi). The capacities of canals were subsequently determined by multiplying the CCA with

the design duty (usually presented in cfs/1,000 acres), and the expected conveyance losses were -

added. The duty for most perennial-canal distributaries in the Fordwah Branch is 0. 25 Vs/ha CCA

(3.5 cfs/1,000 acres), while the non-perennial distributaries have a duty of 0. 4—0 5. llslha CCA :

(5.5-7.0 cfs/1,000 acres).

According to the Public Works Departmcnt (PWD) Manual (1963), it is customary to treat
non-perennial areas more generously in the matter of water allowances during kharif as a kind of
compensation for the deprivation of water during rabi. The duties are supposedly, 1o some extent,
based also on the type of soil in the command area, the prevailing climate and the dominant crop.
Hence, a second reason for the higher water duties in the non-perennial canals in the Fordwah
Division is their location in the rice-cropped, pre-project irrigated, riparian tract.

The implication of fixing the cropping intensities at less than 100 percent in each season is
that the actual water allowances for the crops are much higher than the official duties determined

for the CCA. When the cropping intensities are taken into account, the water allowances work out -

to be 0.8 /s/ha (11.3 cfs/1,000 acres) for perennial and 1.1-1.4 I/s/a (15.7-20.0 ¢fs/1,000 acres)
for non-perennial canals. Nowadays, however, actual cropping intensities in Punjab are much
higher; the Fordwah Division, for instance, achieves an annual cropping intensity. of 108 percent,
rendering canal water supplies insufficient to cover crop water requirements. :

The irrigation system, however, allows some flexibility in the delivery of water. The canal
officers (XEN, SDO) can reduce or increase the water supply to main canals-and to distributaries
according to the (perceived) demand in the command areas. To effect a change in the supply to
the system, the ID has established a peer-based communication system wherein the. SDOs of the
subdivisions of a canal command, starting from the tail of the system, pass on a request, the indent,
for the desired quantity of water in their subdivisions. In the Fordwah Division, the SDO, Chishtian
indicates the desired discharge for his subdivision, through telegraph, to the SDO, Bahawalnagar
who places the combined indent of Chishtian and his own division with the DO, Minchinabad.
The SDO of this subdivision, because of its location at the head of Fordwah Canal, is the indenting
officer of Fordwah Division who submits the combined indent of Fordwah Division to the XEN
in charge of Suleimanki Headworks. The XEN, Suleimanki then tries to match the indents received
from all main canals that take off from Suleimanki with the water allowances (for 10-day periods)
indicated by the Director, Regulation, based in Lahore. In case of a shortage of water at Head
Suleimanki, the shortfall will be shared equally by all divisions. The decision taken by the XEN,
Suleimanki is conveyed to XENs and SDOs of the affected divisions.

An indent can be fixed for a definite period, say for amonth, or for an indefinite period. Indents
are sometimes frequently changed in case of emergencies; for instance, when a breach has occurred
in a distributary. The new indent is then quickly passed on via upstream subdmsmn(s) !o the XEN,
Suleimanki, who takes action accordingly.

An indent point is fixed usually at the head of each subdivision. In the Chlshnan subdnvtswn,
it is at RD 199.

Increased cropping intensities and the development of previously ummgated lands have

strengthened the general perception that canal water supplies are insufficient to feed all
distributaries simultaneously. Hence, over the past £5-20 years, the ID has introduced rotational
programmes within divisions, with subdivisions being given preference with 8-10-day rotations.
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In the Fordwah Branch, 3.3 m3/s (116 cfs) or almost 5 percent of the total design discharge of 73.7
m>/s (2,603 cfs) is allocated to direct outlets of the Fordwah Branch, all of which were sanctioned
during the last 10-20 years. The larger distributaries of the Fordwah Branch are known to be run
at an average discharge which is higher than the design discharge in order to feed the tails. The
tail reaches receive less than their share because of several intra-distributary distribution problems,
such as water theft, siltation, etc. (Kuper and Strosser 1992).

The XEN, Fordwah Division has introduced an 8-day rotation between the 3 subdivisions of
his division, during kharif. Within this 8-day pericd, first, second and third preferences are given
to the three subdivisions. The subdivision that has first preference takes all the water it requires
according to its indent, enabling its main distributaries to run at full supply level. Only the
requirements of smaller distributaries can be met when the subdivision is in second or third
preference. After the subdivision in first preference has taken its full share, the remaining water
may be used by the subdivision that has second preference, with the subdivision in third preference
taking all the water that is left.

This rotational programme does not apply to water allocation during rabi when only 6
perennial canals in the division, all of which are located towards the tail of Fordwah Branch, draw
water. In rabi, water is supplied to Fordwah Branch through the Sadiq-Ford Feeder, which takes
off at RD 189 in Eastern Sadigia Canal and discharges into Fordwah Branch at RD 129. The supply
through this feeder is subject to a rotational programme in the Eastern Sadigia Division, during
rabi.

Some 10 years ago, it was felt that available supplies were not sufficient to distribute water
simultaneously to all divisions. At Head Suleimanki, a rotational programme was therefore
implemented between the divisions under the responsibility of the Superintendent Engineer,
Bahawalnagar Circle. First, second and third preferences were allotted to each of the three divisions
in 10-day rotation periods, similar to the already ongoing programme of rotations between
subdivisions.

The Chishtian Subdivision generally faces a severe water shortage when it is in the third
preference. It is left to the discretion of the SDO to distribute the water as equitable as possible. A
rotation within the subdivision is, therefore, implemented as the water supply to the tertiary units
cannot be regulated. This informal programme is effected between 3 sections of the main canal,
i.e., Takhat Mal (RD 245-281), Chak Abdullah (RD 282-316}, and Chishtian (RD 316-371) with
their offtaking distributaries. Execution of this rotation, which is not documented, is subject to the
judgment of the SDO and subordinate regulating staff, who take into consideration the amount of
water certain distributaries have received so far during the season in comparison with other
distributaries in the subdivision,

Execution of operational orders issued by the canal officers (XEN, SDQ) is carried out by
gauge readers, who also inform these officers of the water levels, discharges and tail-gauge
readings on a daily basis. In the Fordwah Branch, a gauge reader is generally made responsible
for the operation of a cross-regulator and one to three secondary intakes just upstream of the
regulator.

PERFORMANCE OF THE FORDWAH BRANCH — RESULTS AND
DISCUSSION

A first step in the analysis of the performance of an irrigation system in an attempt to identify
bottlenecks that affect the performance adversely is to quantify water delivery to different parts of



10

the system. Following Molden and Gates (1990), a number of performance parameters were
calculated for the 14 secondary canals in Chishtian Subdivision. Three performance parameters
were calculated: adequacy, dependability and equity. During analysis, a question that afose was
how the performance of Fordwah Branch compared with that of canals that have been réported on
in previous IIMI-Pakistan research. Much of the research work reported so far was' carried out in
the command area of Upper and Lower Gugera Branches of Lower Chenab Circle Bast, Mananwala
and Lagar Distributary in the upper reaches, and Khikhi and Pir Mahal in the lower reach of the

system. The parameter used in these studies to indicate the degree of (in)equity of the system at

secondary level is the amount of water delivered as a fraction of the design discharge. Therefore,
a comparison was attempted with the data of the Upper and Lower Gugera dlstnbmanes reported
earlier (Bhutta 1990, Bhutta et al. 1991).

Adequacy

Generally, a fundamental objective of irrigation systems is to deliver the amount of water required
to adequately irrigate crops. However, this was never the stated objective of irrigation systems in
the Indus Basin, where the inteation at the time of the design of the systems -— for the Fordwah
Eastern Sadigia System, some sixty years ago — was to spread the water equitably among the
farmers. It has been argued before that the aim of equity of distribution is no longer.attained partly
as a result of physical shortcomings of the systems (deferred maintenance, siltation), and partly
due to the sociopolitical situation where water (and other resources) is distributed:on the basis of
power and influence rather than in equitable shares among the users. A comparison of the degree
of adequacy of the delivered amount among distributaries within a system, and between sets of
distributaries in different systems allows a ranking of system performance in terms of adequacy
of delivery.

The amount of water required is a function of the area of land that is cropped and lmgated the
crop water requirements of the crops grown on the land, application losses, and cultural practices
such as irrigation for land preparation and leaching. Adeguacy of delivery depends on:water supply,
specified delivery schedules, the capacity of the hydraulic structures to deliver lmgatwn water
according to the schedules and the operation and maintenance of the delivery system: - :

Cropping intensities in the Fordwah Division, originally designed to be 70-80 percent
annually, have gone up to 108 percent, 4 affecting the adequacy of canal water supplies.

Considering the relative service areas of perennial and non-perennial distributaries, and the
actual recorded cropping intensities in the command areas of the sample watercourses, the value
of the cropping intensity for the command areas of perennial and non-perennial distributaries was

taken as 67 percent for the calculation of crop water requirements for kharif 1992. Actual crop .

water requirements were calculated from the relative areas planted with the main kharif crops, i.e.,
cotton, rice, sugarcane, fodder and an oil crop (sarson), making use of the FAO program,
CROPWAT. Conveyance efficiency was assumed to be 60 percent and no allowance was made
for leaching (Van Essen and Van der Feltz 1992). '

4 According to official ID (Khasra) data (average for 10 years). IIMI data suggest even hlgher vnlues. with sample
watercourses attaining cropping intensities of 150 percent (Kuper and Strosser 1992).

A P A F R 1
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The performance parameter for adequacy, according to Molden and Gates (1990), is :

2l

1
T QR)

where QD/QR is the ratio of water supply over water demand.

The equation indicates that the values of Qp and Qg are defined for discrete locations where
water is delivered within the region R, and for finite times within the period T. Ratios of weekly
averages of daily values of Qp and Qr were calculated and used in the above equation, The
performance parameter for adequacy, Pa, for kharif is the arithmetic mean of those ratios for the
period of 20 May-12 October. A similar value, P’ A, can be calculated for the ratio Qn/Qgs, where
Qs stands for the design discharge. As Qp/Qs equals the delivery performance ratio, comparison
with published values of other systems is possible.

Molden and Gates (1990) present a tentative performance standard in which a P4 value of
more than 0.9 is assumed to be good, a value between 0.8 and 0.9 to be fair, and that below 0.8 to
be poor.

Dependability

Dependability is defined as uniformity over time of the ratio of the delivered amount, Qp, to the
required amount, Qr. A system that performs in a consistent manner is considered dependable.
The value of this parameter is based on the hypothesis that farmers prefer a system that delivers
water in a predictable way, even though it may be inadequate in amount, over a system that is
unpredictable but delivers adequately over the entire season. Unpredictability prevents farmers
from planning optimal cropping patterns and planting intensities. A farmer can plan for a
dependable delivery of an inadequate supply of water by planting less area or growing different
crops. Farmers in the Punjab have reacted to the perceived inadequacy/unreliability of canal water
supplies by installing large-scale, self-controlled tubewells. Molden and Gates (1990) proposed
as a measure of dependability of water delivery the temporal variability in the ratio of Qp over
QR. supply over demand. It is expressed as:

ey
R R

where CVT(QD/QR) is the temporal coefficient of variation (i.e., the ratio of standard deviation
to the mean) of the ratio Qp/Qr for one specific location within the region R, over the time period
T.

A corresponding value, P’p, represents the temporal variability in the ratio of Qp over Qs.

The closer the value of Pp is to zero, the greater the degree of dependability of water delivery.
Molden and Gates (1990) suggest that performance is good if Pp falls between 0 and 0.1, fair for
Pp values between .11 and 0.2, and poor for Pp values above 0.2.
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Equity

Equity of water distribution can be defined as the delivery of a fair share of water to users
throughout the system. The fairness of a share may be based on legal rights for water, as in a prior
appropriation system, or on the delivery of a fixed proportion of a water supply baséd on the extent -
of the irrigated lands served by each outlet. The latter, of course, is done in many rotational

schemes, and is the stated objective of water delivery in Pakistan’s systems. Moldén and Gates ‘

(1990) mention that equity of water delivery is a difficult objective to measure because there are
many factors that determine the meaning of a “fair share.” As was pointed out before in other
publications (see e.g., Bandaragoda and Firdousi 1992), fair shares ‘are often interpreted
subjectively and have become to depend on the (political) power of the Tecipient. Measurement of -
equity of distribution is important as it is used in Pakistan as an indication of the need for
" management changes required to sustain irrigated agriculture in view of salt accuriulation where =
farmers are irrigating with marginal quality groundwater because of the inequity in the delivery
of canal water. Sl c
Following Molden and Gates (1990), we define the equity parameter as the spatial uniformity
of the ratio of the delivered amount to the required amount (Qm/QRr), as in:::: ' :

Q
P, - %zrj cv, [6-‘:)

CVR(QD/QR) is the spatial coefficient of variation of the ratio QD/Qr for a specific time over
the region R. This measure describes the degree of variability in relative water delivery from point
to point over the region. To assess the equity with reference to the design discharge, a value P’
is introduced. T '

The closer the value of Pg is to zero, the greater the degree of equity (spatial uniformity) in .
delivery. Molden and Gates (1990) suggest as boundaries between good, fair and poor performance -
in terms of equity, Pg values of 0.1 and 0.2. R X

Results

Values of the indicators for the secondary canals in the Fordwah Branch downstream of RD 245,
calculated as described above, quantify how well the system performs and permit comparison with-
previously reported results for the Gugera Canal System. The sets of values for the Fordwah Branch
and Gugera systems are shown in Table 1.4.

Evidently, the performance of the Fordwah Canal System leaves much to be desired when all ..
three indicators, with respect to the crop water requirements and the design discharges; are rated
as “poor.” The difference in calculated values between Fordwah and Gugéra caiial systems is
substantial, even though the difference in rating is not. The delivery of water during kharif 10
Gugera’s distributaries is comparatively better, though not significantly, than to Fordwah's, with
Gugera rated fair and Fordwah poor. The differences between the two systems are even greater in.
terms of the variation in discharge delivered to secondary canals, and inthe equity of water delivery -
to these canals, Gugera performing significantly better (at a 5% significance level} than Fordwah. -
The inflow in both systems is not taken into consideration here. Howeéver, available supplies are
distributed significantly better (more equitably) in Gugera than in Fordwah, as evidenced by the
equity parameter.




Table 1.4. Performance Indicators for Fordwah and Gugera Canal systems during kharif
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Indicators Fordwah Branch| Rating | Gugera Branch Rating
Adequacy (Pa) 0.67 Poor
DPR (P’A) 0.76 Poor 0.81 Fair
Dependability (Pp) 0.47 Poor
Temporal CV (P'D) 041 Poor 0.24 Poor
Equity (Pg) 0.63 Poor
Spatial CV (P’E} 0.56 Poor 0.38 Poor

Canal Operations

What are the causes of the poor performance of distributary canals in the Chishtian Subdivision?
Performance of the canal system in this subdivision, which forms the lower part of the Fordwah
Branch, while being affected by operations/regulations in the subdivision itself, is governed to a
large extent by the amount of water that flows into the subsystem, which in turn is a function of
the inflow into the Fordwah Canal system and operations/regulations in upstream subdivisions.
The inflow into the subdivision was evaluated at RD 245, upstream of the cross-regulator,
where the first distributaries are offtaking, and the results are presented in Figure 1.3, In rabi, the
peaks and valleys are a result of the rotation in Eastern Sadiqia Division in which the Sadig-Ford
feeder also participates. The annual closure was prolonged in 1992 from the originally envisaged
three weeks to a period of seven weeks, partly due to a unusually heavy desiltation campaign.

Figure 1.3. Inflow in the Chishtian Subdivision at RD 245 {(weekly averages, 1991/1992),
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Supplies at the start of the kharif season (April to the begitning of June) were wel! below
design, due mainly to a shortage in the supply to the Fordwah Canal, Ten-year averages of water
supply to the Fordwah Branch (data provided by the Irrigation Department) show an average deficit
in supply of 77 percent and 27 percent for April and May respectively, whereas.for June, the
situation improves markedly with a deficit of only 8 percent compared to design. The shortage in
supply occurs before the rainy season when water levels in the River Chenab, the main source of
irrigation water for the Fordwah system during kharif, are low.

Supplies improved during June and this level was fairly well sustained throughout August
September and October. Two steep valleys can be discerned in Figure 1.3 during-this: period,
showing disturbances in the supplies to the subdivision and having an adverse effect on system

performance. The first valley, which occurred in the last week of July, was caused by a temporary -
closure of the link canat feeding the Suleimanki Headworks, forcing the Fordwah System to close -

for four days. The second valley, which took place in the first week of Septeinbet, was due to

floods in the River Sutlej combined with heavy rains in the Fordwah Division, resulting in the -

closure of Fordwah Canal for five days. Observations made during 1991 suggest that these types
of events occur frequently.

An analysis of the performance of the canal system in the subdivision jtself can be made by
comparing the three sections between which an informal rotation exists, In Table 1.5, the results
are summarized. The calculated values indicate a marked difference in performaﬁoe between the:
three sections. P’a, an indicator of the total volume of water delivered, is rap‘idiy ‘decreasing
towards the tail of the Fordwah Branch from a level of 0.79, almost a fair performance according
to Molden and Gates (1990), to 0.45 in the tail section. The variation in d:soharge (P’p values)
does not change towards the tail, indicating that even though the volume of watcr may be
inadequate in the tail section, the delivery of water is no more variable than in the head reach. The
distribution of water between the distributaries, however, appears to be worse in the tail section
than in the two upstream sections (vide the values under the heading ‘Equlty" in the Table)

Table 1.5. Performance of sections of Chishtian Subdivision during kharif 1992.

When comparing perennial and non-perennial canals, which officially receive equal shares of
water in kharif, it appears that non-perennial canals receive a relatively larger amount of water (at
a 5% significance level), with P’ o of 0.75 for non-perennial canals, and a P’ A of 0.52 for perennial
canals. In terms of variability, perennial canals are slightly better off, though not significantly so.

Discussion

The inflow into the Chishtian Subdivision, which was found to be both inadequate and unreliable,
affects the performance of the canal system in this subdivision, However, the performance
deteriorates towards the tail of the subdivision, implying a negative effect of operations in the
Chishtian Subdivision on the performance of the 14 secondary canals.

Section Equity (P’z)  |Dependability (P’p)| Adequacy (P'A) |
Takhat Mal 0.52 0.26 0.79
Chak Abdullah 0.46 0.26 0.57
Chishtian 0.65 0.25 0.45
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Three rotations coexist at different levels of the system with the rotation at subdivision level
being informal and based on the judgment of the SDO or operating staff. While this may be hardly
ideal in terms of transparency, both for the implementing personnel and for the beneficiaries, the
situation is further aggravated by a series of contradicting operational objectives and system
restrictions with different actors across the canal system.

While, officially, all secondary canals should recetve an equal share of water during kharif,
different actors have different operational preferences. The argument of good quality groundwater
is used when commenting on the apparent poor delivery to Azim and the argument of waterlogging
is used when indicating a preference for the Fordwah Distributary as compared to Azim.

Gauge readers have been found to give preference to the distributaries offtaking at their own
control points and thus reduce the share that is passed on to downstream sections of Fordwah
Branch. During interviews, all nine gauge readers in the study area expressed priority for keeping
the supply to offtaking distributaries constant at an adequate supply level (keeping in mind the
indent) when water levels upstream of their control point in the Fordwah Branch were changing.

Changes in water levels (and discharges) in Fordwah Branch are substantial, with discharges
downstream of RD 245 fluctuating more than 3 m3/s (more than 10%) within a day (van Essen
and van der Feltz 1992). IIMI's antomatic stage recorders indicate that fluctuations in discharge
are more pronounced during rabi. This is confirmed by gauge readers who indicate that days with
large fluctvations in discharge generally occur two and four days out of seven for kharif and rabi,
respectively. Gauge readers responsible for smaller distributaries reported that they would keep
their distributaries fully open even when the discharge in the main branch would drop substantially
below normal supply level. An explanation for this is that farmers from offtaking distributaries
exert more pressure on gauge readers than that by farmers in downstream command areas. When
checking the performance of smaller distributaries in comparison to larger ones (with the dividing
point arbitrarily taken at 2 m%s), it appears that the average volume of water delivered to small
distributaries is significantly better (at a 5% significance level) with P’ equal to 0,74, when the
P’  for larger distributaries is 0.54. In terms of dependability, both groups have approximately the
same value with 0.44 and 0.48 for large and smaller distributaries, respectively (difference is not
significant).

Gauge readers appear to be quite independent in the operation of structures under their control,
as is shown by the fact that the number of adjustments in gate settings (resulting in changes in
discharge) far exceeds the number of instructions from canal officers (a ratio of about 25:1). This
makes the operational preference of gauge readers an important issue in the distribution of water.

When comparing the number of operational instructions from SDO/XEN (Table 1.6), it
appears that the attention is focused on RD 199 (handover point for tha Chishtian Subdivision)
and RD 316. An explanation for the attention to RD 316 could be that it is the only controf point
in the subdivision with a telegraph that is in working order, other control points relying on messages
being taken by baildars (Irrigation Department labourers), etc. Similarly, it appears that control
points are very rarely visited by (sub)divisional officers, whereas the high number of visits to RD
199 again attract attention.

In contrast, we have the cross-regulator at RD 354 about which little or nothing is heard, which
is rarely visited by canal officers, and from where even gauge readings are not relayed anymore.
The presence of only one very small distributary upstream of this structure may be an explanation
for the apparent lack of interest in this control point.

Another cause for the confusion of operating staff is the (non)perenniality of distributaries.
Although officially entitled to three allocations of water per rabi season (Siddigi 1991), when the
water supply permits, operating staff are generally under the impression that non-perennial canals
are not to be operated. When they are operated, as fréquently occurs, personnel often consider this
as illegal and records indicate no discharge (see Figure 1.4).
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Table 1.6, Operatiknal practices of gauge readers in the Fordwah Branch.

Location Number and Operational Visits (of SDO) | Mnnipnlnlions
: type of structure | orders received per month.* | pel' day -
per month S _ _
RD 199 CR, Ds(3) 12 10 -5
RD 245 CR, Ds (3) 2 2 2410
RD 267 Ds (1) 1 1 =3
RD 281 CR, Ds(2) 1 1 410
RD 297 Ds (1) 3 1 0-5
RD 316 CR, Ds (2) 15 2 10-15
RD 334 Ds (1) 2 1 0-10
RD 354 CR, (1) 1 0 . 6-10
RD37T1 Ds (3) 4 1 1220
Notes: CR = cross-regulator :

D = distributary

Figure 1.4. IMI and 1D discharges in Azim Distributary — a comparison.
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control points. Usually, the operating staff at smaller distributaries have no concepts of Full Supply
Levels (FSL), discharges or rating tables. In most cases, they do not even report the gauge readings
to the gauge readers at the main control points, who are supposed to relay the data to the SDO
through the signaller. But these, usually experienced, gauge readers estimate the gauges of the
smaller distributaries without having seen them, and convey this data accordingly. The same
practice exists at the tail gauges. When such a gauge reader makes a mistake by sending, for
instance, a value of 0.3 m (1.0 foot) for a distributary that is officially closed, the signaller intimates
to the concerned gauge reader that the tail gauge reading should be zero, upon which this is entered
into the gauge register at the site.

Some physical constraints also affect the operation of the system. The flexibility to deal with
sudden increases in water levels or discharges in the Chishtian Subdivision, as aresult of operations
in an upstream subdivision, has been impeded after the existing escape at the very tail of Fordwah
Branch ceased to function. This escape, originally intended as a feeder channel for the Bahawal
Canal, but used in later years as an escape, has been encroached upon as the frequency with which
water was passed through this feeder decreased. Since 1986, it is no longer functional as an escape
and irrigation officials therefore deem it undesirable to supply the tail of Fordwah Branch to its
FSL. To cope with unexpected rises in water levels in the tail due to upstream operations, an extra
safety margin is imposed by supplying less than the design discharge to the tail, and by rotating
supplies between Fordwah and Azim Distributary. However, these sudden rises have not been
completely eliminated. During kharif 1992, a total number of 22 breaches were observed in
distributaries of Chishtian Subdivision, all occurring at times when water levels in these secondary
canals were exceptionally high. Out of this total number of breaches, 16 occurred in distributaries
in the tail section of the subdivision, indicating that not only water shortfalls are unevenly
distributed in the subdivision, as argued previously, but that excesses in supply are also passed
down the system. During rabi, these problems are less severe when the non-perennial canals are
used to drain excess water.

Finally, an inventory showed that out of 14 distributaries, 8 did not have a rating table for the
head structures, whereas 6 did have one, rendering the estimation of the discharge upon which the
kacha rotation in the subdivision is based even more questionable. The existing rating tables for 6
distributaries are generally more than ten-years old. Hydraulic conditions of structures have
changed over time, with siltation in the Fordwah Branch amounting to 0.2 to 1.5 m when comparing
design and actual bed levels (van Essen and van der Feltz 1992). As aresult, a number of structures
in the canal system are operated under different (submerged) hydraulic conditions than envisaged
in the rating tables.

CANAL PERFORMANCE AT SECONDARY AND TERTIARY LEVELS

Flow measurements were carried out on a routine basis by IIMI field staff at the distributary outlets
(moghas) of 8 sample watercourses, 4 offtaking from the Azim and 4 from the Fordwah Distributary,
In addition, tail gauges in both distributaries were observed daily, providing an opportunity to study
the impact of main system performance on the distribution of water at lower levels of the system.
The delivery of water fo the secondary canals differs substantially in terms of adequacy and
dependability, with Fordwah performing better than Azim Distributary (see Table 1.7).5

5 A high degree of performance is associated with high values of the adequacy parameter and low values of the
dependability parameter (temporal variability in watrer delivery).
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Table 1.7. Water delivery to Fordwah and Azim distributaries during kharif 1992,

Distributary Dependability (P’p) Aﬂequacy ®’A)
Azim 0.66 0.39
Fordwah 037 0.57
Average of Chishtian 0.41 0.76
Subdivision

The measurements of water supply to 4 sample watercourses, expressed as mitlimeters (mm)
of water supplied to the service areas of the watercourses, are presented in Table 1.8. The same
Table presents data of the amounts of water, in mm, derived by pumping from groundwater, and
from rainfall. The total amounts of water received are also given in the Table as relative water
supplies (ratio of amount supplied to that required, according to the calculated crop water needs).

It is clear from the figures presented in Table 1.8 that tubewells are an important source of
water, and more so when the canal water supply is perceived to be inadequate and unreliable (Azim
111). Utilization of groundwater enables farmers to adequately meet crop water requirements for
a cropping intensity that is much higher than originally envisaged, and provides farmers with an
opportunity for flexibility in their irrigation application (Kuper and Strosser 1992).

The existence of highly active water trading is further evidence of farmers’ need for flexibility
in the supply of irrigation water. It was found that farmers purchase or exchange parts, or even
entire canal turns, as well as tubewell water (Kuper and Strosser 1992). Sixty farmers who were
interviewed in the command areas of the sample watercourses all said that they pam::lpated in
transactions of water.

The two kharif seasons differed substantially in the amount of rainfall received; the rainfall
during kharif 1992 was 3 times that during kharif 1991. Canal supplies were also more for two
watercourse command areas, Fordwah 130 and Azim 111. During the annual closure of 1992, the
sill level of the orifice structure (the moghas are all adjustable proportionai modules) of Fordwah
62 was raised by 12 cm (0.4 foot), reducing the actual discharge. Although the dimensions of the -
structure were restored to what they were before the annual closure, the total amount of canal water .
received in the watercourse command area during kharif 1992 was about 18 percentless than what
was received the year before. Also, during the annual closure of 1992, the sill of the mogha of
Fordwah 130 was lowered by 12 cm thus increasing the design discharge, which is apparent from
the increased canal supply (20% more than the year before).

Table 1.8. Sources of irrigation water and Relative Water Supply (RWS) for sample watercourses
during kharif.

Watercourse Canal Tubewell Rainfall RWS
- (mm) (mm) (mm) L
1991 | 1992 | 1991 | 1992 | 1991 | 1992 | 1991 | -1992
Azim 63 295 256 377 248 50 165 082 | 091
Azim 111 77 120 658 671 47 . B8 0.73 1.05
Fordwah 62 522 413 126 78 44 121 073 | 074
Fordwah 130 | 387 482 318 165 42 127 076 | 093
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The changes in canal supplies for the two watercourses offtaking from Azim reflect the effect
of the substantial desiltation that took place in these and many other distributaries during the annual
closure of 1992. The watercourses in head reach and middle reach receive less water after the
cleaning of the canal while the tail watercourses, such as Azim 111, receive more than they did
earlier.

Pumping of groundwater in three of the four command areas was markedly less in kharif 1992
than in kharif 1991, showing that farmers reacted (in the management of their tubewells) to the
higher rainfall in the area during 1992 (and to a higher canal supply as in the case of Fordwah 130).
The reaction to rainfall is even more apparent when monthly figures, rather than the seasonal
figures of Table 1.8, are compared. An arbitrary example is given by the data for Azim 63, where
the tubewell water supply was 56 mm in June 1992 when there was no rainfall, and 9 mm in July
when rainfall was 67 mm, while canal supplies were the same in both months and crop water
requirements were similar for both months. As cotton is the main crop in the command area, it
shows good water management when farmers reduce the supplies during rains.

The smallest change in groundwater extraction occurred in Azim 11!, where tubewell
pumpage actually increased by a small amount. Total water supplies for the command area of this
watercourse increased by 28 percent resulting in a rise in relative water supply to a value in excess
of 1. The situation was confounded by a decrease in crop water requirements of about 11 percent
due to a decrease in area irrigated in 1992 compared to that for 1991.

Total water supplies in 1992 were also more than that for 1991 in Fordwah 130 (11%), and
(by a smaller amount) in Fordwah 62 (3%). The corresponding values of the relative water supplies
increased accordingly. The increase in RWS in Azim 63 is due to a decrease in irrigated area (11%)
rather than to an increase in total supply of water received, which remained the same for this
watercourse command.

The extent of equity of distribution and dependability of water delivery (that were identified
in an earlier paragraph) at main and secondary levels were also evaluated at tertiary level from the
discharge values at the outlets (moghas) of the eight sample watercourses. Weekly average
discharges, which IIMI field staff calculated from head readings of the calibrated moghas as
fractions of the design discharge of the mogha formed the basis of the evaluation. The temporal
coefficients of variability of these weekly averages over the kharif season of 1992 are listed in
Table 1.9.

Table 1.9. Performance indicators for water intake of sample watercourses in kharif 1992.

Watercourse | Adequacy |Dependability| Watercourse | Adequacy Dependability
(P’A) (P’p) (P’a) (P’p)
Azim 20 1.08 0.40 Fordwah 14 0.98 0.41
Azim 43 0.77 0.51 Fordwah 46 117 0.34
Azim 63 0.50 0.55 Fordwah 62 1.27 0.31
Azim [11 .29 0.74 Fordwah 130 0.79 0.42

The values of these coefficients of variability give an indication of the dependability of water
delivery at the heads of the sample watercourses. Depcndablluy of supply at these distributary
outlets is poor, according to the performance classes suggested by Molden and Gates (1990) and,
not surprisingly, becomes poorer down the distributary, particularly in the case of Azim.

Equity of water delivery, at watercourse level, down the distributaries was also calculated
from the weekly average discharges. The average spatial coefficient of variation of delivered flow
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over design discharge for kharif 1992 was 0.23 for the four watercourses offtaking from Fordwah
Distributary, and 0.62 for those offtaking from Azim. Performance in terms of equity at tertiary
level is obviously not very good in both cases, but considerably worse for Azim than for Fordwah
(see also the calculated values for P’ A). Using the criteria of Molden and Gates (1990) once agam,
the value for Fordwah would be classified as fair.

The performance of both distributaries appears to have improved in kharif 1992, compared
with kharif 1991 as evidenced by Table 1.10, where values of performance parameters are given
for the two seasons, i.e., the amounts of water delivered (adequacy), and the temporal variability
(dependability parameter).

Table 1.10. Performance of four sample watercourses in Azim and Fordwah distributaries — a
comparison between kharif 1991 and kharif 1992.

Watercourse Adequacy Dependability

1991 1992 1991 11992
Azim 63 L 0.58 0.50 0.39 0.55
Azim 111 L 0.17 0.29 0.96 0.64
Fordwah 62 R 1.46 1.21 0.17 0.33
Fordwah 130R 0.61 0.79 0.52 0.43

Figure 1.5. Tail-guage readings of Fordwah Distributary (1 987-92).
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The difference between the parameter values of head-reach and tail-reach watercourses is
smaller in 1992 than in 1991. In large measure, this is due to the desiltation and mogha remodeling
that were carried out during the annual closure of 1992, as was mentioned before.

Monitoring of the water level at a tail gauge of the distributary provides an indication of
whether equity of distribution has been attained within the distributary or not. According to the
design, the water level at the tail gauge should be 0.3 m to have equitable conditions along the
distributary, Taking Fordwah as an example (Figure 1.5), it is clear that the tail conditions have
improved substantially in 1992, although the discharge at the head of the distributary was lower
in 1992 than in 1991.

Towards the latter part of the kharif, tail-gauge levels tended to come down to the leveis of
previous years. This may be attributed in part to siltation occurring during kharif when silt loads
are high, but the fact that, under pressure from farmers, the recently remodeled moghas in the head
reach were again brought back to the size they had before the remodeling has certainly contributed
to the reduction in tail water levels, and hence to reduced equity of distribution. For example, 22
percent of the remodeled outlets of Fordwah Distributary were reverted to the original size,
compared to only 10 percent in Azim. The lower degree of cooperation and organization among
farmers in the Azim command area (Van Waaijjen 1991), mentioned earlier, may have played a
role here.

CONCLUSIONS AND RECOMMENDATIONS

On the basis of the analysis of flow data and current operational practices in the Fordwah System,
as discussed in this paper, a set of practical recommendations are discussed below. It would not
be difficult to suggest more and more far-reaching changes, but the authors feel that
implementation of this initial set would test the desire of Irrigation Department staff to improve
and sustain irrigation in the area. Monitoring of the effects of implementing this set of
recommendations would provide the bench mark against which further, and probably more
expensive, management changes and technical improvements, including the expected impact of
the constructton of surface and/or subsurface drainage systems in the area, could be measured. The
authors feel that it would be irrational to suggest now that lining of canals or the construction of
drainage systems is required to sustain irrigated agriculture in the area. Once this set of
recommendations has been implemented and their effects monitored, other technological and
managerial improvements could ne considered.

1. Presently, the quality of the daily readings that are relayed from the control structures to
the office of the (sub)system manager leaves much to be desired. Tail gauges and water
levels at the head of smaller distributaries are fictitious and gauge readings are generally
reported in such a way that they are in agreement with the official policy rather than
reflecting the actual situation in the system. This is mainly caused by the fact that these
data, considered to be of vital importance at the time of design and at earlier stages of
operation, are no longer used by the system managers to make decisions on operation and
maintenance of the system. The system manager is not confronted with the consequences
of operational decisions on the water distribution other than through remonstrations of
farmers. It is recommended that IIMI starts collaborating with the Punjab Irrigation
Department in a pilot activity to emphasize the importance of information in an irrigation
system and to quantify the impact of operational decisions on the distribution of canal
water supplies.
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Three different rotations occurring simultaneously at different levels of the irrigation
system, coupled with a number of individually conceived operational rules that are
followed within the system make it difficult — if not impossible — to assess the actual
discharges in comparison to the intended discharges at any given:point in the system.
Visualizing of irrigation operations in the Fordwah Division by displaying actual and
intended water levels and discharges in the office of the system manager is recommended.
This should aim at making the process of water allocation and actual d:smbutton of water
more transparent both for operators and end-users.

The performance assessment carried out in this study clearly indicates that present
operational objectives are not attained and that there is certainly scope for improvement,
when all performance indicators with respect to the design discharges are rated as “poor.”
1t is recommended that the information generated by such assessments be made available
to the system manager on a regular basis through a set of institutionalized indicators that
would quantify irrigation operations in a straightforward, comprehens:ble way.

Operating staff, such as gauge readers, have been observed to adjust the gates of their
control structures frequently without any instructions to that effect, and with limited
(localized) objectives as, for example, to keep the discharge in an offtaking distributary
canal constant. Through these frequent interferences in the system, gauge readers exert a
substantial influence on the performance of the system. These interferences take place in
the absence of a clear operational plan and in a situation where operational guidelines are
not available. It is recommended that a study be carried out on the impact of gauge readers’
operations on system performance through mathematical modeling. The objective of the
study would be to derive a comprehensive decision-tree for ail levels of the system, and

" to identify the minimum information required to make rational decisions at the various

levels.

More than half of the secondary canals in the Chishtian Subdivision do not have rating
tables for their head structures, whereas the tables for the other distributaries have been
established more than 10 years ago and have never been revised. Quantification of the
fiow of water in the subdivision has therefore become nearly impossible with any
acceptable degree of precision. It is recommended that the ID should recalibrate all head
structures in due time, and set priorities for this activity based on an assessment of control
points which need recalibration most.

Farmers reportedly exert pressure on operating staff, either directly or through influential
people, to gain operational advantages. It is recommended that the ID should recognize
the presence of this phenomenon and start making use of the informally organized
farmers’ groups to tackle previously intractable problems such as water theft and
distributary maintenance (e.g., desiltation and berm cutting).

Formal operational rules dating back to the design of the system and informal operational
practices have led to a rigid supply-based operation of the system. The flexibility that
farmers require in the management of their irrigation applications in order to respond to
changes in crop water requirements over a season has led them to develop tubewells even
in areas where groundwater is at best marginally suitable for irrigation. Flexibility in
water supplies is also enhanced by the trading of canal and tubewell water between
farmers. It is recommended that the D should take cognizarce of these developments
and attempt to maximize the benefits of the groundwater resource for farmers by adjusting
canal supplies in a way that would stimulate the development of successful patterns of
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conjunctive management of surface water and groundwater wherever that is possible. In
the allocation of canal supplies between rotating distributaries, the ID staff have to take
into account the effects of their decisions on the average irrigation water quality over time
that results from using canal and tubewell water in each command area.

8. Relative water supplies are maintained around 0.8-0.9 by de facto conjunctive
management of groundwater by farmers to suit the availability of canal supplies and
rainfall, which goes to show that farmers operate the only source presently under their
control in such a way that water is applied near optimally in an economic sense. The
inbuiltdanger of these irrigation practices is the emergence of salinity, even in areas where
water tables are low, through under-irrigation and the absence of leaching practices of
farmers. It is recommended that further research be carried out to ascertain current field
irrigation practices of farmers, with a view to evaluating the (potential) role of the surface
irrigation system in managing problems of waterlogging and salinity to avoid land
degradation and to mitigate the effects on agricultural production.
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CHAPTER 2

Achieving Cost-Effective Rehabilitation
and Modernization of Irrigation Systems:
Research Results from Sri Lanka

Jeffrey D. Brewer, R. Sakthivadivel
and C.M. Wijayaratna

REHABILITATION AND MODERNIZATION

THE WATER DELIVERY performance of every irrigation system deteriorates over time.
Rehabilitation and modernization (R&M) projects are aimed at arresting or reversing this process.
Rehabilitation of an irrigation system refers to restoring the capacity lost over time. Modernization
of an irrigation system refers to changing the existing design to make it cater to new demands or
to incorporate new technologies to make it more efficient. It is now generally accepted that
rehabilitation and modernization (R&M) should be undertaken at the same time. One basic element
in all R&M projects is that the water conveyance and distribution system is improved; however,
an R&M project is distinguished from maintenance in that the R&M project focuses on the whole
system at once. ‘

R&M projects have been a major form of investment in irrigation for more than 20 years.
Over that time, a great deal has been learned about how to make such projects effective. A key
unanswered issue is how to ensure that an R&M project is cost-effective. This paper uses data on
projects for the R&M of major irrigation systems in Sri Lanka in an attempt to answer that question.
As will be shown, the answer lies in the process through which R&M projects are planned,
implemented, and managed.

REHABILITATION AND MODERNIZATION OF IRRIGATION
SYSTEMS IN SRI LANKA

Irrigation in Sri Lanka

Irrigation is extremely important for agriculture in Sri Lanka; almost all rice — the staple food —
is produced on irrigated land. Sri Lankans classify irrigation systems into “‘major systems™ with
command areas greater than 80 hectares, and “minor systems” with command areas of 80 hectares
or less. Over two thirds of Sri Lanka’s irrigated land is under major systems. Major systems are
managed by government agencies while minor systems are managed directly by farmers.

In Sri Lanka, construction of new irrigation systems has largely ended. The best locations
have already been developed and the costs of construction of new systems have risen sharply while
the value of the major product — rice — has declined (Aluwihare and Kikuchi 1991). Therefore,
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the Government of Sri Lanka has adopted a policy of investing in the rehabilitation and
modernization (R&M) of existing irtigation systems (IMPSA 1992). Since 1975, investments in
R&M have grown while those in new construction have declined.

Although R&M of minor systems continue to remain an important component of public and
private investment in agriculture, this paper concentrates solely on R&M of major\systems. The
lessons learned from R&M of major systems, while applicable to minor systems, will need to be
reformulated to fit the different management organizations of minor sysiems, .

R&M Projects in Sri Lanka

R&M of major systems have been undertaken primarily through large-scale projects partially
funded by foreign donors. There have been five such projects:

1. Tank Irrigation Modernization Project (TIMP): 1976-1983

Water Management Project at Gal Oya (WMP): 19791985
Walawe Irrigation anrovement Project (WIIP): 1985-1993
Major Irrigation Rehabilitation Project (MIRP): 1985-1993

Mook wN

Irrigation Systems Management Project (ISMP): 1987-1992

Altogether these projects have undertaken R&M work on 18 major irrigation systems. The
total cost of these projects have ranged from US$18 million (WMP) to over US$30 million {MIRP).
Most of the funding has been provided by foreign donors. WMP and ISMP were largely funded
by USAID loans and grants, TIMP and MIRP were partially funded by World Bank Ioans, and the
WIIP was mostly funded by loans from the Asian Development Bank. '

Data on these five projects form the basis for the analysis in this paper and they have been
drawn primarily from the following sources:

1. A literature review commissioned by IIMI under its agreement with USAID to manage
the research component of ISMP; this study covered all five of the projects and was
prepared by Dr. W.A T, Abeysekera (Abeysekera 1992),

2. A field study and analysis of four of the five projects also commissioned by IIMI under
its agreement to manage the research component of ISMP; this study covered four projects
— TIMP, WMP, MIRP, and ISMP — and was undertaken by a team from Engineering
Consultants Ltd. and Associated Development Research Consultants . (ECUADRC
1992).

3. IIMI studies of WIIP under its agreement with the Asian Development Bank to provide
assistance to the project (IIMI 1980; Nijman 1991},

Two of the projects, TIMP and WMP, have been studied in great detail and have an extensive
literature. ' ‘

This paper and much of the data are the products of the research component of the Irrigation
Systems Management Project (ISMP). One goal of ISMP was contributing to knowledge about
how to achieve cost-effective R&M. ISMP itself was originally designed to contribute to
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knowledge about R&M processes by providing different levels of funding for construction in
different irrigation systems for comparison of cost-effectiveness. During implementation, the
design was changed so that the original comparison could not be used. However, the ISMP research
component has included studies of several aspects of R&M, including farmer participation and the
use of existing structures for flow measurements, as well as the studies on which this paper is
based. Also, the implications of the various ISMP studies for the conduct of R&M projects were
discussed by top-level Sri Lankan irrigation professionals at a national workshop organized by
IIMTI in June 1992. The workshop resulted in a set of guidelines for future Sri Lankan R&M projects
to be published shortly by IIMI.

THE FINDINGS ON REHABILITATION AND MODERNIZATION
PROJECTS

Evaluation of the Sample Projects

This analysis compares various aspects of the five projects to determine which features help ensure
cost-effectiveness. For purposes of analysis, the five R&M projects are categorized on the basis
of cost-effectiveness using traditional economic analysis,

Table 2.1 gives estimates of the benefit/cost ratios and internal rates of return (IRR} for the
five projects. These figures are not definitive. The data needed to conclusively judge the economic
soundness of these projects, three of which are not yet completed, are not available. However,
these figures support the following categorization of projects:

1. TIMP was probably not cost-effective. The two systems listed include Mahawilachchiya
whose performance is considered excellent by many specialists but whose construction
costs were very high. Mahawilachchiya also has good water availability. In the other
scheme, Mahakanadarawa, cultivation has failed in most seasons for lack of water.
Analysis of the three other systems rehabilitated by TIMP might change the picture but
that would probably not change the conclusion.

2. 'WMP focused on only one system — Gal Oya Left Bank — then the largest system in
the country. These figures show that WMP was cost-effective, a conclusion that agrees
with the end-of-project evaluation (ISTT 1985).

3. MIRP is an ongoing project rehabilitating four systems; hence, the figures given here
cannot be taken as final. However, these figures show that MIRP has had significantly
different results under different conditions. In particular, the Huruluwewa Scheme has
severe water availability problems while Rajangana, on the other hand, has no shortage
of water.

4. As shown by the figures, ISMP is probably a cost-effective project. However,
rehabilitation constructikn on the ISMP systems will continue for some time though the
main portion of the project has been completed. The two systems listed here are
reasonable representatives of the six systems where ISMP work has been carried out.
Analysis of the others would probably not change the conclusion of the authors. The
difference between the two schemes can be explained by the greater improvement in
equity of distribution in Kaudulla than in Minneriya. Historicaily, Kaudulla has had
greater head-tail problems than Minneriya.
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L Table 2.1. Economic evaluation of the projects.

Projgct Scheme B/C ratio
“TIMP' - Mahawilachchiya 056
o Mahakanadarawa 021
MIRP - Rajangana 1.30
Hunuluwewa 0.67
WMP Gal Oya Left Bank 1.57
ISMP Kaudulla 224
Minneriya 1.29
WIIP Uda Walawe -2

Notes:

" "The IRRs for these schemes were negative. 2No BIC ratio calculated.

B/C ratio = Benefit/Cost ratio.
{RR = Internal rate of return.

Sources: For TIMP, MIRP, WMP, ISMP: ECL/ADRC 1992

FOR WIIP: TIMI 1950

WIIP is still underway but it will probably not be cost-effectwc, in large_par{,hwause the G
work done and planned will not bring any significant additional area us :
Unlike the other figures, the IRR figure shown for WIIP is not a cum'cnt 1
made by IIMI in 1990. ;

. Based on this evidence, WMP and ISMP are categorized as cost-t;ffeétwp TIMP

- as-not cost-effective, and MIRP as unsure. The following subsectwns expl' i
. these results,

R&M Project Components

" Balance between hardware and software

: " . Akey finding is that the five R&M projects have placed very dlffcrent emp ases ¢
components All five of the projects included the following major comp(ments

" In addition, some projects have included other components some of which are?’

I

Physical works including earthwork on canals, the rcbuildmg of céncrdtfﬁ?imd masonry i
structures, and the building of new structures. =

Design of a new operations system.

Desngn of a new management structure, sometimes mcorporaung " me farmer = -
: mvolvement (institutional development). :

Agriculture improvements (TIMP, ISMP, MIRP).
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2. Roads and other rural infrastructure (TIMP, MIRP, WIIP).
3. Research (ISMP, WMP, WIIP, MIRP).

All of the projects also included training and other support for the major components.
However, the resources allocated to the components have differed significantly among the

various projects. Table 2.2 shows an estimated breakdown among major components for the five
projects.

Table 2.2. Major cost components of the projects (in percent).

Major component TIMP WIIP MIRP WMP ISMP

1. Physical works 67 90 70 63 63

3. Institutional 0 0 7 18 15
development

4. Others 32 8 15 6 9
Total 100 100 100 100 100

Note: The authors have found it very difficult to allocate project costs among these various components because
accounting has not been done in these components. The figures given in the Table are based on information
available on component breakdown and the authors' estimates of efforts put info each component.

Table 2.2 illustrates several important points:

I. Physical irrigation works dominate the budgets of all the projects.

2. The five projects fall into three categories with regard to expenditures on components:

¢  TIMP and WIIP put very little resources into the software items, i.e., O&M systems
and institutional development.

s WMP and ISMP put sigrificant funds into the software items,
¢  MIRP is intermediate.

3. Only TIMP put a large amount of resources into other activities. TIMP invested a great
deal in the purchase and distribution of tractors and other agricultural equipment and
inputs te promote a new cropping system. The proposed cropping system turned out to
be unacceptable to the farmers for a variety of reasons. As a consequence, none of the
later projects has dedicated significant resources to agricultural development. Without
this large investment in agricultural development, TIMP’s distribution of funds would be
similar to that of WIIP.

ISMP and WMP, classified as cost-effective, are the two projects that put the most resources
into the software components. TIMP and WIIP, classified as not cost-effective, put the least into
the software components. MIRP is intermediate to both categorizations.
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. Clearly, this finding shows that investment in software components is@‘eﬁmﬁﬁc@nplément_ : .
to investment in physical works. The implications are: a) that a balance bef: m?twm and ..

" hardware components is necessary; and b) that WMP and ISMP were clos
- than were the other projects.

PRk O

This finding agrees with other analyses which suggest that lnvestmeqts gg Operation and 'f_j
" maintenance (O&M) and institutional development together with investment in physical works "
and Kikuchi' -

are likely to have a bigger payoff than investment in physical works atone (Aluwiby
1991). The basic reasons for this conclusion are well-known:

1. R&M are attractive when the performance of a system declines signiﬁcmay; The declive
may be due to (a) increased demands (enlargement of the command, incréased cropping .

intensity, etc.), or (b) deterioration in the physical system that makes cff
impossible. The former implies a need for improved operations; the 1

improved maintenance. Reconstruction of existing stuctures and ¢ traction: of: fiew
ng leading -

structures alone without improvement of O&M will not solve the basi
to the need for R&M. r4

2. Improvement of O&M systems requires significant investments. l.tiis;-pét-pﬁ@;:lgh for-.
engineers to work out a new operational plan; the plan must be tried, negotiated with

farmers, and modified as needed for the particular scheme. Moreover, the use of new .

technologies, as implied by modernization, generally means that systent;

3. Inadequate maintenance and poor water distribution generally xmpiy, at lmt‘mSn Lanka,

that farmers are not taking sufficient responsibility for management. In some cases, they

may interfere with agency plans; in others, agencies lack the funds and trdined manipower
to handle the maintenance and water distribution needs. In either case, lhare is'd need for’
the development of institutions among the farmers so that they can effectively and
responsibly contribute to overall system ‘management, However, institutional -

development cannot be accomplished without resources.

Thus while physical works are a key element of an R&M project, the phyéi_pﬁi"wm'ks mustbe. )
supported by investments in O&M systems and institutional developthent to efifure that needed

O&M changes take place.

For example, all of the projects except TIMP have incorporated greatercontrolover water
flows by adding measuring and other control structures and have proposed operating plans that. .

require the use of these structures. This approach has been in line with expet opifiion from outside
f dncreased control
gnd ianagement -

Sri Lanka, However, development of the management systems to make use.
over water flows has lagged. WIIP simply assumed that the system managers
systems could make effective use of this control (Nijman 1991). WMP
hand, expended a fait amount of resources on improving the managemen
capabilities so that the increased control would be effectively used.
intermediate. Lo

The failure to provide funding for an item does not mean that the pro
item. Thus, although no funding was provided by TIMP for institutional

s tht -Dpeeatoss. .
themselves need training and learning time to make the new O&M systems function well, -

ional development, its plans
called for the establishment of Tank Committees with farmer representatives to manage the-
schemes after R&M. However, it was assumed by the planners that whatevercosts:thers would be
would be covered through regular government budgets. Similarly, most.of the TIMP funding for
agricultural development went for the purchase of tractors; it was assumed that:the additional - -




31

extension work required to get the farmers to adopt a new cropping schedule as proposed by the
project would be met from regular funds. The experience in Sri Lanka is that extra government
funding has rarely been made available unless explicitly provided for in the project budget. The
lesson is that R&M project budgets must make explicit provision for the key items.

Farmer organizations

Effective management decisions require farmer input. On major systems with thousands of
farmers, farmer input is possible only when the farmers are organized. Thus the creation or
strengthening of farmer organizations is a key element in institutional development for R&M.

All the projects incorporated the idea of farmer organization and involvement in O&M. TIMP -
and WIIP assumed that adequate organizations existed and dedicated no resources to creating
organizations. WMP, ISMP, and MIRP explicitly made creation of farmer organizations one of
the goals, although the resources dedicated to this end under MIRP were, initially, meager. All
three projects have had considerable success in creating effective farmer organizations. WMP was
the earliest of these and the methods developed for WMP came to serve as models for both of the
later projects. A large part of the success of both WMP and ISMP must be attributed to the
participation of the farmers through their organizations.

Farmer organizations can provide assistance to the R&M process itself as well as help with
O&M after the project. It takes time, however, to create farmer organizations from scratch. Results
from WMP suggest that it takes up to two years to create effective farmer organizations. Since the
creation of organizations has been part of the R&M projects, this lead time means that farmer
organizations could not participate in project planning and initial implementation.

Based on experiences in WMP and others, in 1988, the Government of Sri Lanka adopted a
“participatory management” policy for the management of major irrigation systems. This policy
calls for the turnover of operating and management responsibilities for the lower levels of major
irrigation systems to farmer organizations. To support the policy, the government has created
programs to organize farmers in major irrigation schemes. Unfortunately, except where funds from
R&M projects have been available, the government has not been able to dedicate adequate
resources to achieve fully functioning and effective farmer organizations.

R&M Project Planning

Planning, including selection of systems for R&M work, and selection of the main elements of the
project, also differed significanply among the five projects. Three key aspects of planning are
considered here: planning studies, selection of technology, and provision for modifications during
implementation.

Planning studies

One common trait of all five projects is that basic planning was done early in the project and was
based largely on studies by consultants, generally foreign consultants. Three of the projects, TIMP,
MIRP, and ISMP, were intended to rehabilitate and modernize multiple schemes; hence, the studies
were necessarily superficial. The basic studies for WMP were also superficial. For WIIP, there
were multiple studies (IIMI 1990; Nijman 1991) but all were superficial and they came to different
conclusions.
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These studies do not attempt to justify selection of these particular schemes rather than other
schemes. They do attempt to show that R&M of the selected schemes constitute & good investment,
Even in the latter type of analysis, the superficiality of the studies, pamcu]arly in the area of water
availability, has sometimes defeated the purpose of project planning.

The most obvious example is that of Mahakanadarawa, one of the TIMP schemes. This scheme
has long had a history of crop fatlures due to lack of water in the tank. Yet, Mahakanadarawa was
selected for TIMP, a project that proposed costly lining in most of the canals. Without water to
distribute through the canals, there could be no increased crop production to justify the costs. The
water availability problem at Mahakanadarawa was known to many people, including the system
operators and the farmers, yet it was dismissed by project planners on the grounds of uncertainty.

The Huruluwewa Scheme, now being rehabilitated by MIRP, has similar but less extreme
water availability problems. Here it was assumed that the water availability problems would be
solved by the construction of a feeder canal to the reservoir, an activity outside of the R&M project.
The poor evaluation of MIRP performance at Huruluwewa (see Table 2.2) is largely due to the
water availability problems.

Planning for changes during implementation

Analysis of WMP shows that although the original plans were drawn up by foreign consultants
based on inadequate studies, the plans themselves made provision for changes during
implementation. For WMP, R&M work was planned on the following basis:

1. One of the two main factors considered responsible for the decline in performance of the
scheme (Gal Oya Left Bank) was physical deterioration of the system. Therefore,
rehabilitation was intended to bring the scheme back to its original operating capabilities.
The scheme was not to be redesigned although some clear errors and problems were to
be comrected.

2. The second major factor considered responsible for the situation was that farmers were
not adequately performing their channe] maintenance and water distribution functions.
Based on USAID’s experience with the On Farm Water Management Project in Pakistan,
it was proposed that farmers would be organized for two purposes: a) to contribute free
labor to rehabilitate the field channels; and b) to enable the farmers to maintain field
channels and distribute water among themselves more adequately.

3. A Master Plan was to be developed to address various problems of the scheme during
implementation of the rehabilitation work. It would incorporate a new operating system.
Research work by contractors and cutside agencies was planned to help with this effort.

4. Explicit provision, including scheduling an outside midterm evaluation, was made for
monitoring and evaluating the progress and impact of the project. These provisions are
discussed in detail below.

As shown by the last two items, WMP explicitly incorporated the idea of learning lessons and
planning future operations based on those lessons. Major changes were made during
implementation of WMP, many of them following a midterm evaluation that suggested some of
the changes. The following are some of these changes:

1. The original purpose of rehabilitation was modified. The goal became *pragmatic
rehabilitation™ whose objectives were installing adequate controls to deliver the water as



33

planned and ensuring the stability of the system. This was a much cheaper approach since
it did not mean reconstructing most of the canals.

The goals of the farmer organization program were broadened to include farmer
participation in operation and maintenance, in solution of conflicts over water, and in
seasonal planning through the organizations, This change occurred as the implementors
learned that farmers could take a great deal more responsibility than was originally
thought,

The Master Plan approach was junked when it was found that it had little to offer. Instead,
attention was focused on selecting an operating plan and developing the capabilities of
the Irrigation Department officers to implement that or any other plan successfully. For
this purpose, a computer-based information system was developed and put into use.

Like WMP, all the projects suffered from inadequate planning studies. They differed
considerably in approach to modifications during implementation. The differences can be briefly
summarized as follows:

I.

TIMP did not explicitly provide resources and opportunities for learning lessons and
making changes. Some important changes were made during TIMP implementation
because of the extremely high costs of some items,

WIIP, like TIMP, did not explicitly provide resources and opportunities for learning
lessons and making changes. Few changes have been made during the implementation
of WIIP.

MIRP made weak provisions for change during implementation. As a result, the major
changes that have been made in implementation, such as a great increase in support for
farmer organization, have come only late in the project in response to reported success
in ISMP.

ISMP, like WMP, explicitly provided for learning lessons and making changes. Major
changes occurred during implementation, particularly after a midterm evaluation.

Selection of technologies

Selection of technologies for R&M projects is fundamental to planning and this selection has
generally been based on current theories of how improvements can be made rather than on detailed
local studies of needs. TIMP offers an instructive example. TIMP was based on ideas that were
rather radical at the time. The basic elements of the project were:

The rehabilitated systems would be redesigned so that most farms would be served from
one-cusec canals.

These canals would be lined to minimize losses and prevent farmers from tampering with
them,

Farms would be served through rotations on the field channels.

Farmers would adopt a new cropping schedule calling for dry plowing and early sowing
to make maximum use of rainfall.
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These ideas were drawn from a variety of sources. Both the one-cusec canal and the rotation
idea appear to have been derived from the idea, common among itrigation engineers worldwide
at the time, that most of the inefficiencies were at the tertiary level. The value of lining was also
widely accepted by experts at the time, and the cropping schedule idea was based on experiments
carried out on a small scale within Sti Lanka itself. These elements were adopted withoutextensive
consultation with system operators and with no consultation with farmers (Murray-Rust and Rao
1987).

During and after implementation it was found that:

1. Theone-cusec canal design within TIMP may be effective in simplifying operations. This
seems to be the case in Mahawilachchiya. However, this feature is very expensive because
it requires the reconstruction of many canals and the construction of many paratlel canals
to reduce all field channels to the one-cusec size. '

2. Because of its cost, canal lining was controversial. In Mahawilachchiya, the ECL/ADRC
team found that the lining was in very good condition ten years after completion of the
work and that the system was functioning very well. Lining had reduced maintenance
needs although it complicates maintenance activities when needed. Despite this finding,
it cannot be considered cost-effective because the cost of the lining was so high. In TIMP
itself, only selective lining was used in the later TIMP schemes.

3. The planned rotations were developed by a foreign consultant working largely by himself;
these have since been significantly modified, mostly simplified, through experience. The
actual enforcement of rotations on field channels has been left to farmers who change the
rotations as they see fit. '

4. The proposed cropping schedule was not accepted by farmers. Although the plan was
agronomically sound, it led to labor problems for farmers. Also, in those systems where
water availability was uncertain, farmers felt that it increased their risks unacceptably.

Since TIMP was the first of the projects, some of its lessons were incorporated into subsequent
projects. Thus none of the more recent projects have recommended large-scale field-channel or
distributary-channel lining and none have adopted a single agricultural plan. The one-cusec canal
design and low-level rotations were adopted in WIIP and, partially, in MIRP.

For TIMP, the basic technologies, including both the operating system and the structures for
that operating system, were predetermined by the project plans drawn up by experts with no
provision for modifications during implementation. The same approach was used for WIIP with
equally poor results. ‘

In contrast, as was shown in the section on Planning for changes during implementation (p.
32), WMP left the choice of technology largely to the project implementors. WMP also explicitly
provided for review of plans to allow for changes. WMP approach has had much greater success
than has the approach adopted for TIMP. The WMP approach has been taken for the ISMP and
MIRP. This success has largely been due to the greater knowledge the implementors had of
individual system needs.

The implication is that choice of technology must be based on detailed knowledge of local
needs that can be gained only over time. In turn, this implies that the persons who have extensive
experience on the system — the system operators and farmers — should play a major part in
selection of technology. A second reason for consulting system operators and farmers is that these
are the people who must use the technologies after completion of R&M. If they do not agree with
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the selected technologies, they may well misuse or modify the new works and systems to fit their
felt needs.

Lessons for planning of REM
Four major lessons can be drawn from this analysis:

1. Much of the knowledge necessary for success in R&M is knowledge about the individual
scheme. Not all of the lessons from one scheme are applicable to another. There is a need
to individually tailor R&M pians to individual schemes.

2. Adequate studies of the individual schemes, including good assessments of water
availability, are needed for project planning. These studies cannot be entrusted solely to
consultants, foreign or otherwise, who can spend only a few weeks on the studies, unless
they are supported by strong background work. These studies should pay careful attention
to the knowledge and experience of the farmers and operators on the scheme.

3. The most successful projects have made explicit provision for modification during
implementation as lessons are learned about the scheme. WMP and ISMP not only
included resources for research and planning, but also provided for midterm reviews that
justified major changes. These midterm reviews based their findings primarily on the
opinions of and information from the personnel implementing the project, including
farmers. )

4. Selection of technology should not be left solely to outside experts. It is important that
system operators and farmers be consulted not only to make use of their detailed local
knowledge of the scheme but also to ensure that they are agreeable to making proper use
of the newly installed systems following R&M.

R&M Project Implementation

These five projects also offer lessons concerning several aspects of project implementation. Many
of these are highly technical and of interest only to work in Sri Lanka. For example, experience
has shown that it is more effective to base design water levels on historical water levels than on
the original design. These local technical issues will not be discussed here. However, three issues
of major importance are discussed: a) the involvement of farmers in design, b) the involvement of
tarmers in construction, and c) the involvement of system operators in project implementation.

Involvement of farmers in design

Under TIMP and WIIP, the design process explicitly excluded farmers. Design was felt to be a
matter solely for the technical personnel (engineers and technical assistants). One result has been
poorer performance and complaints and destruction by farmers when the systems did not solve
their problems or work as the farmers felt they should.

Farmer involvement in the design of field channels was explicitly provided for in WMP,
MIRP, and ISMP. However, there have been problems with achieving effective involvement. One
has been time pressure. Meeting farmers to discuss designs takes time, particularly if the farmers
want something not envisioned by the engineer. An engineer under pressure to complete designs
quickly often feels that he cannot afford the time. In all three projects, engineers learned that when
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they did not spend the time to involve farmers, farmers gave greater problems at the time of
construction or afterward. Thus, greater efforts were made to involve farmers in design as these
projects progressed.

Involvement of farmers in construction

WMP, ISMP, and MIRP made it a goal to involve farmers in construction work. There were several
reasons: to lower costs by getting free labor from farmers, to ensure good quality construction
because farmers have an interest in quality, to give the farmers experience with and greater
knowledge of the system, and to help farmer organizations by providing opportunities to raise
funds.

As with design, achieving effective involvement of farmers has taken time. Not only must the
farmers have the organizational capability to manage construction work, they must also have the
technical knowledge. For the latter, experience shows that support from the agencies is critical to
success. Not only must the farmers learn how to carry out construction work, the agency personnel
must learn how to provide the necessary technical support. The involvement of farmers in
construction work in WMP was not as successful as hoped, largely because of inexperience. There
has been greater success in both MIRP and ISMP but the results are too new to be evaluated fully.

TIMP attempted to involve farmers in construction, but only as laborers with no say in how
it was conducted. This approach was taken in large part bacause TIMP did not try to organize
farmers. Although not included in WIIP plans, giving contracts to farmer organizations is now the
policy of the project because of successes in MIRP and ISMP. However, it is not working well
yet, in part because the agency involved has little experience in working with farmers, and in part
because the farmer organizations are very new.

Involvement of system operators in project implementation

A clear difference can be seen in the implementation strategies of TIMP and WIIP on the one hand,
and those of WMP, MIRP and ISMP, on the other. TIMP made few efforts to ensure interaction
between project implementors and operators, although they were separate persons from the same
agency. In WIIP, project implementors and operators are from different agencies so there has been
very little interaction. In both TIMP and WIIP, there was littte opportunity for operators to
influence system redesign and other aspects of project implementation.

In contrast, in WMP, MIRP and ISMP, there was a great amount of interaction between project
implementors and system operators. Under MIRP and ISMP they have largely been the same
persons. In WMP, although implementors and operators were generally different persons from the
same agency, explicit efforts were made to ensure interaction. In these three projects, system
operators have had significant influences on design and construction. The greater amount of
interaction has meant that WMP, ISMP and MIRP could adjust to individual system needs more
effectively thus making the projects more effective.

Overall approaches to implementation
TIMP and WIIP projects were very top-down. Technologies were selected by planners and design

and construction were carried out with little consultation with system operators and with no
consultation with the farmers. This approach had two detrimental effects on these projects:
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1. It has been very difficult to incorporate local knowledge held by systetn operators and
farmers into the selection of technology and the designs.

2. It lessened the commitment of both operators and farmers to the project. In the case of
farmers, this is expressed through increased numbers of complaints and, sometimes,
through damage to or destruction of newly built structures.

In the other three projects, both system operators and farmers were consulted on design and
the farmers were explicitly involved in construction. The results were that: a} there are fewer
problems with new structures and management systems, and b) both groups are more cooperative.

R&M Project Management

The five projects also offer lessons in project management.

Project scheduling

First, none of the five projects have completed construction as scheduled. TIMP, WMP, and MIRP
were all extended to allow for completion. ISMP ended officially after finishing only about two
thirds of the construction work. Although it has been extended, WIP will probably not complete
the planned physical works.

The basic preblem appears to have been that the construction schedules were very optimistic
so that it would appear that the projects would be completed within time limits set by the donors.
In every case, factors not considered, such as civil disturbances and others, affected the schedule,
often severely.

Nor could projects complete their non-constniction components on time. For example, despite
extension, WMP never finished farmer organization work. Also, ISMP has not yet completed
operating system development. Often, judgement of “completion” of these software components
is subjective or is based solely on expenditure of the funds.

One important factor always was that no time was allowed for getting all the persons and
agencies to work together. These have generally included officers from the irrigation agencies and
various agricultural agencies, consultants, local and national administrators at different levels, and
others. Not only was it necessary to spend time and effort getting everyone “on board,” but also
failure to do so slowed implementation. Beginning in 1989, ISMP began a practice of holding
annual workshops to prepare the annual plan for the following year. This practice is said to have
helped the various implementors greatly in achieving project targets.

Monitoring and evaluation systems

Although none of the projects have had perfect monitoring and evaluation systems, there were
major differences that affected project success.

In all of the projects, construction progress has been monitored with reasonable efficiency
through periodic reports from the responsible officers. The progress of other components has also
been monitored through the same mechanism, although generally less effectively. Unfortunately,
this type of monitoring does not include impacts, nor does it include outsider evaluations of
performance, both of which are essential for project evaluation. Thus this approach to monitoring
generally fails to help with adaptation of activities to local needs.
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The performance of the projects with regard to providing data for learning lcssons during and
after implementation has differed considerably:

1.

TIMP included a baseline study and a less elaborate impact assessment at the end of the
study. The results of the baseline study came out too late to be of use in project planning.

The impact assessment and other studies have provided lessons for subsequent R&M
projects.

WMP made explicit plans for outside monitoring of performance and impact of the
project. The Agranan Research and Training Institute (ARTI) carried out continuous
monitoring of irrigation and agricultural performance throughout the project’s life. Also,
baseline, midterm and final impact studies were carried out by ARTI and its collaborator,
Cornell University. Several special studies on particular subjects were catried out by
ARTI researchers and Cornell graduate students. Unfortunately, there was little periodic
reporting of results, although the data were used in many individual studies. None of the
resuits were used in activity planning. The major importance of these efforts was that
ARTI and Cornell researchers and consultants were also involved in WMP’s farmer
organization program and thus could use these data to support changes in the R&M plans
and procedures. Also, the publication efforts have had a major impact on the government
agencies, government policies and farmers.

USAID commissioned independent midterm and final evaluations by outside consultants.
The midterm evaluation was important in reorienting the project in more useful directions.

WIIP plans did not incorporate baseline or midterm studies or evaluations. However, the
donor asked IIMI to undertake studies 1o help with selected aspects of implementation.
The results of the first phase of IIMI's work were made available only in 1990, long after
many aspects of the project planning were firmly set. Thus they have had little influence
on the R&M process.

MIRP did not include baseline or midterm studies or evaluations. A final evaluation is
being carried out at present. Changes that have occurred have largely been due to
pressures from outside agencies and from the observable success of ISMP.

Documentation of lessons learned was explicitly built into the design of ISMP. Different
combinations of inputs were to be used in different schemes and a comprehensive
monitoring system used to document the differing processes and results. During
implementation, changes were made in the project design that negated the vahie of the
planned experiment.

A two-year, highly detailed pre-project study was carried out to provide both baseline
and diagnostic data on the systems where R&M were to be carried out. Unfortunately,
the results came too late to help with project planning and since no final impact assessment
is planned, they will not be useful as a baseline study.

ISMP incorporated a research component that completed individual studies on particular
issues of general relevance to irrigation management in Sri Lanka rather than solve
problems for ISMP. However, two of the studies funded by ISMP were directed toward
learning lessons from alf the R&M projects. These studies form the basis for this paper.
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ISMP designed a monitoring system for irrigation system management that would also
produce data for project management. Although the first version was put in place in 1989,
it proved unworkable. A much improved system was put in place in 1991, very late in
the project.

Finally, USAID commissioned an internal review and an external midterm evaluation
that together caused important changes in implementation. No USAID-commissioned
final evaluation will be carried out.

None of these efforts have provided effective monitoring and evaluation of the progress
and impact of the project as a whole during the whole implementation period. However,
the multiplicity of efforts has made ISMP a well-documented project that could learn
lessons and adapt to its needs as it progressed.

Only WMP and ISMP had explicit mechanisms by which progress and impact could be
evaluated while the project was underway. These mechanisms allowed important lessons learned
to be incorporated into project implementation. All the others made at least some token provision
to document lessons learned.

At first glance, it may appear that allocation of funds for elaborate data collection and
evaluation efforts is not worthwhile. The evidence from these projects shows that, when combined
with appropriate management mechanisms, these efforts allow for adjustments to local conditions
and thus greatly improve cost-effectiveness. The two most cost-effective projects are those that
made the greatest efforts to monitor and evaluate impacts.

Donor Funding

In Sri Lanka, as in many other developing countries, most R&M activities have been financed in
part with foreign funds. One result is that donors have greatly influenced the projects. The results
of foreign intervention in Sri Lanka have been mixed:

* Many ideas underlying the successful approaches to R&M have come from foreign
technical assistance. For example, the concept of “pragmatic rehabilitation” introduced
in WMP was created by foreign experts and local project implementors working out the
problems in Gal Oya. Similarly, the computer-based O&M systems introduced under
WMP, ISMP, and MIRP originated with foreign experts.

*  Onthe other hand, the donors have also imposed management conditions that have caused
problems. One of the main problems has been donor insistence on five-year projects.
None of the five R&M projects were completed within the planned five-year span,
generally for good reasons. In addition, in every project, design efforts were begun very
soon after the start of the project to complete the design and construction as fast as
possible. Thus, even where farmer involvement was desired, it was neglected in favor of
getting the construction work finished quickly.

As good financial managers, donors are concerned to know how much funding is needed and
on what the funds will be spent before they authorize the expenditures. This means that they would
prefer that planning be completed before committing the money and beginning the project. A need
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to complete R&M plans to get financing is a root cause for the superficial planning studies reported

above.

SYNTHESIS OF THE FINDINGS

Characteristics of a Cost-Effective R&M Project

Based on the findings reported above, a cost-effective R&M project would have the following
characteristics:

1.

An appropriate balance between software, including both institutional development and
O&M system development, and hardware to support the O&M systems; this balance is
necessary to ensure that the management changes are made to make the physical system
changes functional.

Adequate diagnostic studies of the individual schemes, including good assessments of
water availability; these are needed for selection of a scheme for R&M and for project
planning; these studies should not be entrusted solely to consultants who can spend only
a few weeks on them.

R&M plans tailored to individual schemes not only through adequate studies but also
through consultation with farmers and operating system personnel.

Explicit provisions for reviewing and changing plans during implementation as lessons
are learned about the particular scheme and the strategy being followed, for this purpose,
mechanisms that evaluate the progress and impact of the R&M and feed the information
back to project implementors, funders, and overseers are needed.

Mechanisms that aliow for the participation of operating personnel in selection of
technology and design and mechanisms that provide for the participation of farmers in
design and construction to ensure that their interests are adequately reflected in the
outcome.

Effective farmer organizations created before planning begins so that farmer participation
can be fully effective.

Realistic time scheduling that makes adequate provision for project start-up and that
allows for unforeseen disturbances and delays and for changes.

This listing is not new. It agrees substantially with the listing of characteristics given by
conferences in 1986 (Haider 1987) and 1989 (Hydraulics Research 1989) and others. What is
spelled out here is what these findings mean for R&M projects in Sri Lanka. In the next section,
therefore, the way a cost-effective R&M project should be planned and implemented is considered
in more detail. :
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Achieving Cost-Effective R&M

Table 2.3 shows a framework which embodies the conclusions reported above. For Project
Planning, Project Implementation, and Project Management, Table 2.3 lists steps and principles
which, if followed, should ensure cost-effective R&M. This section expands on this framework.

Project Planning

SELECTION CRITERIA FOR R&M. The performance of all irrigation systéms deteriorates over
time. The general goal of R&M is to improve system performance. Therefore, systems should be
selected for R&M when there is both the need and opportunity to significantly improve
performance through R&M.

There are clear tradeoffs between maintenance and rehabilitation; greater investment in
maintenance implies slower deterioration of performance and longer periods between R&M. On
the other hand, changing demands on the system from a larger number of users or from changing
cropping patterns may require system-wide changes only possible through R&M. Also, R&M is
usually required to benefit fuily from the opportunities to improve performance by using new
technologies.

Table 2.3. Conceptual framework for achieving cost-effective R&M.

Project Planning

Selection criteria for R&M determined.

Diagnostic studies conducted: current status measured against goals of farmers and operators.
Operational and maintenance constraints identified.

Water availability studies carmied out.

Suitable technology identified in consultation with system operators and farmers.

Desired institutional and management changes identified.

Adequate farmer contribution to costs negotiated.

Adequate funding for the different components allocated.

Agreement with farmers and operating agency reached and incorporated into final report.

oo DA W =

Project Implementation

Farmer organizations created and strengthened.

Orientation and training for agency personnel and farmers conducted.

Operating agency strengthened for implementing rehabilitation.

Farmer involvement in design, construction, operation and maintenance planned and
implemented.

Development of the O&M system (o be used after the project.

Use of appropriate design principles and construction methods.

7. Flexibility in implementation methods.

Bow =
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Project Management

Work plan and schedule developed: sequencing of activities and allowing sufficient time.
Financial management, including tendering and procurement.

Progress and impact monitoring, evaluation and feedback.

Flexibility in planning and oversight to respond to lessons learned and local conditions.
Midterm external evaluation for project changes.

Final evaluation and completion: of report to document lessons for other projects.

s N
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Ideally, therefore, R&M of a system should be planned well ahead of time to take advantage
of the tradeoffs involved (less maintenance to save resources for R&M, etc.). This is simply the
irrigation expression of planning for capital replacement (depreciation) that is standard practice
for businesses and other agencies around the world.

Unfortunately, such planning is rarely done. Without individual system planning of this sort,
agency personnel or others charged with implementing R&M projects must evaluate systems as
candidates for R&M investments. It is assumed that, in a developing country, R&M work will be
initiated by a government or private agency rather than by the farmers themselves. In this case, the
funding or implementing agency must develop criteria for systematically identifying schemes that
are candidates for R&M.

As will be made clear, the principles proposed here delay the conclusive decision to undertake
R&M of a system until the full planning process has been completed. Therefore, the initial
identification of candidate irrigation systems can be made on any reasonable basis, including
visible physical deterioration, expressions of interest from farmers, political expediency, etc.

A major problem is to select one candidate scheme over others; that is, it may be necessary
to decide which candidates will be better investments. This issue is not discussed in depth here;
instead what is focused is how to achieve cost-effective R&M once a scheme is selected.

DIAGNOSTIC STUDIES, Once a system is designated as a candidate for R&M, diagnostic studies
must be initiated to get the necessary information for evaluation of the potential effects of R&M
and for planning R&M.

Evaluation of a system for R&M requires answering two key questions:

e  What is the performance level of the system now and what could it be following R&M?

¢  What are the costs and benefits of alternative R&M strategies?

First, it is necessary to define “performance™ and decide how to evaluate it. No general
definition of “performance” can be given because the objectives of each scheme are unique to that
scheme. For example, irrigation system performance necessarily incorporates ability to deliver
water to farmers’ fields, and remove it when there is excess, However, the standaids by which
water delivery performance is to be judged depend upon the crop needs and the availability of
water. For example, a water-abundant system may not require high reliability in scheduling but
may require good drainage if farmers are growing crops that do not tolerate excess water. In another
system, farmers may grow water-tolerant crops, such as rice, which do not require drainage. In a
third system, water availability may be low and reliability of water delivery may be very important.

It follows then that the first task in selecting a system is to confer with the farmérs (and other
users, if any) to determine their performance goals for the system. Once the goals are determined,
determination of current performance levels relative to those goals is straightforward.

OPERATIONAL AND MAINTENANCE CONSTRAINTS. The next step is the determination of the
causes for Jower-than-desired performance levels. This step requires investigation of: a) faults and

problems with the water acquisition and conveyance system, b) faults and problems with the
" systems for making seasonal and daily operating decisions, and c) faults and problems with other
support systems.

In the past, there has been a tendency to assume that deterioration of the conveyance system
is the cause of poor performance. In fact, however, nonfunctioning structures may have been
broken by farmers in an attemnpt to compensate for poor operations. Eroded canals may be a
symptom of failure to undertake even simple and cheap maintenance efforts. Fixing the structures
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without simultaneously fixing these management problems will clearly not result in the expected
benefits. Thus, the investigation of causes must not be limited to physical inspection of the system
but must also include an inquiry into O&M systems and the institutional structure that supports
O&M.

The investigation should rely heavily on interpretations given by system operators and farmers
since they have extensive experience with the system.

WATER AVAILABILITY STUDIES. Particular attention must be paid to system hydrology. The Sri
Lankan experience is that several R&M investments have been wastes of money because of faulty
estimates of water availability. If adequate water is not available, R&M should not be considered.
As with investigation into O&M problems, weight should be given to the experiences of farmers
and system operators who have had to deal with system water problems. The hydrological
investigations should not rely primarily on the investigations carried out for the original design of
the system. The hydrology has almost certainly changed with development of the area for
agriculture.

SELECTION OF SUITABLE TECHNOLOGY. Once the underlying management and structural
problems have been determined, selection of technologies is necessary to solve the problems. The
selection of a solution must take into account the opinions and knowledge of farmers, who will
have to live with the system and may have to pay for the R&M work, and of system operators who
must make it work. However, outside experts can play a significant role in identifying
technological alternatives that farmers and system operators may not be aware of.

The best approach then is:
1. Experts identify and cost alternative solutions to the system problems.

2. Bxperts discuss the alternatives with the system operators to learn what would be
appropriate for them and what additional support they would need to make the various
options function.

3. Experts negotiate with farmers over which approach is most cost-effective.

This approach means that all three sets of experiences are brought to bear on the problem to
ensure the suitability of the approach to local needs.

INSTITUTIONAL AND MANAGEMENT CHANGES. Adoption of particular technologies requires
concurrent adoption of appropriate O&M management practices. To ensure that the appropriate
balance between software and hardware components is maintained, proposals for new technologies
to solve system problems must also desctibe the concomitant changes needed in O&M systems
and in supporting institutions. Thus the discussions between experts and system operators and
farmers must include discussion of the management changes needed and the costs of those changes.

FARMER CONTRIBUTION TO COSTS. To ensure cost-effectiveness, the farmers should have a
financial interest in the R&M activities; that is, farmers should be made responsible for paying at
least part of the cost. The amount should be such that they cannot make their contribution solely
with labor; labor is a relatively low valued commodity. If farmers must commit some part of
storable resources (cash or others), they are likely to be much more careful in what expenditures
they approve. In the Philippines’ successful program for the R&M of communal irrigation systems,
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farmers are made responsible for covering significant portions of the R&M construction costs.
This provision has made the responsible agency very careful with its tecommendahons and
planning (Isles et al. 1987).

Therefore, the negotiations between the experts and the farmers should include negohauon of
the costs that will be paid by the farmers. It should be noted that it is generally not possible to
conclude a negotiation with farmers unless the farmers are represented by an organization, An
effective farmer organization is therefore a prerequisite to completion of this step.

ALLOCATION OF ADEQUATE FUNDS TO PROJECT COMPQNENTS. The Sri.Lankan
experience is that unless funds are specifically earmarked for a particular purpose in the project
document, the government can rarely provide extra funding for necessary activities, Thus, if the -
selected R&M strategy requires extra assistance in agriculture, project funding for this assistance
must be explicitly allocated. Funds should be explicitly provided for O&M system development,
training of the O&M staff and farmers, for institutional development of both the farmer
organizations and the agency, and for project monitoring and evaluation.

AGREEMENT WITH FARMERS AND OPERATING AGENCY. The findings of the diagnostic
studies, the planned O&M systems, the agreed technologies to support the Q&M systems, the
proposed initial budget, and the agreement of farmers to the plans and to pay their share of the
costs should be incorporated into a final report. Only if all these are accomplished and a formal
agreement is reached with the farmers should the scheme be taken up for R&M.

If the interests of both farmers and system operators are satisfied and the farmers are agreeable
to paying a significant portion of the costs, the R&M proposal can be said to be “cost-effective.”
That is, if the negotiations with farmers are done seriously, it is the farmers who can judge whether
the benefits are worth the costs. In this case, further pre-project economic analysis may not be
necessary. Concluding a formal agreement with the farmers is thus the key step in this process.

However, if the farmers are not paying the full cost or if the agency will be lending funds to
the farmers, there remains the question whether the proposed R&M work should be done on this
scheme or on another. For this purpose, it may be necessary to prepare an economic analyms of
the proposed project to satisfy the funding agency.

Project Implementation

At completion of the planning process described above, not only will it have been determined that
the particular scheme will have an R&M project, but also that the initial strategy for R&M will
have been selected, that a budget will have been prepared and funded, and that both the system
operators and farmers will have become aware of and committed to the project. '

FARMER ORGANIZATIONS. As pointed out already, the existence of an effective farmer
organization is a prerequisite for the completion of project planning. In Sri Lanka, however, not
all schemes have effective farmer organizations. Although government programs exit to create
farmer organizations, the programs have not been very effective except where R&M project funds
have been made available.

There are two possible solutions:

s  Separate programs for the creation of farmer organizations from R&M projects should
be developed. If the government cannot adequately fund the farmer organization
programs, it could seek donor funding specificaily for that purpose.
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* A period should be provided at the beginning of the project to create or strengthen farmer
organizations to a level where they can play their parts in an R&M project. This would
delay the planning of R&M for particular schemes for one to two years. This was the
approach adopted by the Philippines in their successful R&M project for communal
irrigation systems.

The authors prefer that the farmer organization program be separated and that the existence
of effective farmer organizations be made a precondition for consideration of a scheme as a
candidate for R&M. In other words, it is recommended that the agency not even put a scheme on
its list of candidates for R&M unless effective farmer organizations exist.

ORIENTATION AND TRAINING FOR PARTICIPANTS. A key problem in prior R&M projects
is that implementation was delayed by lack of coordination among various agencies and between
agencies and farmers. Efforts made at the beginning of the project and at intervals durin g the project
to get all the participants together to inform them of what will happen and to develop common
understandings are worthwhile, These efforts might include planning workshops and the use of
other interactive methods.

Also, a training needs assessment should be carried out from the very beginning of the project
so that any special training needs can be catered to expeditiously.

OPERATING AGENCY STRENGTHENING FOR IMPLEMENTING R&M. Close coordination
between system operators and staff implementing the R&M is essential so that operators’ needs
and experience can be fully incorporated into the project. Therefore, the R&M project should not
be undertaken by an outside agency but by the operating agency itself.

However, system operating staff can rarely undertake an R&M project in addition to their
operational duties. Therefore, additional personnel and additional equipment and transport must
be provided. Training of personnel, if needed, should be provided early in the project.

FARMER INVOLVEMENT IN O&M, DESIGN, AND CONSTRUCTION. Farmer involvement in
O&M, design and construction is necessary to ensure that farmer experience with the system is
incorporated into the work, to fet farmers help ensure the cost-effectiveness of the project, and to
ensure farmer commitment to making the project work.

Farmer involvement in O&M is discussed in many of the sources and will not be discussed
at length here. Techniques used successfully in Sri Lanka for effective farmer involvement in
design include: a) joint walk-throughs of field and distributary channels in which engineers and
farmers discuss and resolve issues prior to undertaking detailed designs, and b) meetings with
farmers to present and discuss the details of proposed designs prior to their completion. Awarding
contracts to farmer organizations for R&M construction on their own channels has proven to be
an effective way of getting farmer involvement in construction.

The use of these techniques may require changes in procedures and job activities for irri gation
agency personnel. When changes are needed, the procedures involved must be planned, and the
field personnel must be trained.

The use of these techniques also requires more time, particularly for design work, than if these
activities are carried out without farmer involvement. The authors have argued earlier that farmer
involvement will ensure good results. It is suggested, although it cannot be proved, that
well-managed farmer involvement in design will make construction flow more smoothly and more
rapidly. Thus, some of the extra time spent on design may be recovered during construction.
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O0&M SYSTEM DEVELOPMENT. One key finding is that O&M system development is crucial to
effective R&M. In some R&M projects, O&M system development has been-neglected in favor
of design and construction work. The O&M strategy to be followed after completion of the project
must be determined before beginning design activities. Such determination of the O&M system
first not only ensures that design criteria match O&M requirements but -also ensures that
appropriate attention will be paid to O&M system development.

USE OF COST-EFFECTIVE DESIGN PRINCIPLES AND CONSTRUCTION:METHODS.
Construction normally absorbs the bulk of the resources for R&M. It isimportant that the specifics
of design and construction be appropriate to needs and be based on experience in the local setting.
For Sri Lanka, for example, WMP established that rubble packing is as effective as retaining walls
for some purposes and is far cheaper. ISMP established that, in some conditions, the use of
historical water levels for design is more accurate than the use of levels calculated from original
design criteria. The latter are likely to call for greater canal capacity thus calling for greater expense.
Similarly, ISMP showed that drop structures could be used as effectively for discharge
measurements as separate measuring structures thus reducing the number of structures required
and so reducing costs. z

The particular cost-effective techniques to be used are necessarily adapted to local conditions
and a complete list cannot be given. However, not only should project designers and managers
constantly search for new ideas like those mentioned, but also they should encourage the agency
staff and farmers to make suggestions. Many location-specific cost-saving techniques originated
from the staff and farmers on the spot. -

FLEXIBILITY IN IMPLEMENTATION. Making major and minor modifications in implementation
methods and procedures in response to lessons learned is a key characteristic of cost-effective
R&M projects. Project managers must be prepared to modify methods dnd procedures to fit
different local conditions in different parts of the scheme and to use more effective methods and
technologies discovered as experience grows. A flexible approach to implementation also helps
to encourage innovation by staff and farmers since they know that good ideas will be adopted.

Project Management

WORK PLAN AND SCHEDULE. As for any major project, it is essential that early in the project
adetailed work plan be developed. As pointed out earlier, this should be done with the involvement
of all the participants so that it reflects the real implementation requirements and all are familiar
with the plan. ’ o '

The biggest problem the authors found with project work plans was that inadequate time was
allowed for project activities. Scheduling should incorporate the following comménly neglected
principles: ' ‘

o  Sufficient time must be allowed for project start-up so that all parti_cipantS"c:_arnlbe informed
and trained properly. Project start-up activities often require six months to a year.

e Time should be allowed for unforeseen delays, particularly in construction work. A rule
of thumb might be to add 50 percent to the time estimated for optimistic construction
schedules. s '

e . Farmer involvement in design will require more time than having it done by technical
specialists alone. Extra time must be allowed.

I A e
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FINANCIAL MANAGEMENT. Financial management is a key ingredient of project management.
For an R&M project planned and implemented as recommended here, financial reports should be
provided to farmer organizations because the farmers have a financial interest in the conduct of
the project.

Also, tendering and contracting procedures have sometimes been a major cause of delays;
streamlining such procedures may be important in keeping to the schedule.

PROGRESS AND IMPACT MONITORING, EVALUATION AND FEEDBACK. It is essential that
an adequate monitoring and evaluation system is created early in the project. This system should
not only report on the progress of activities but also should provide regular feedback to project
managers on the cumulative impact of activities. To ensure that the information is objective some
should be prepared by outsiders. This information is essential not only for normal project
management but, more importantly, to make it possible to adapt implementation methods and
procedures to the lessons being learned during the project itself.

FLEXIBILITY IN PLANNING AND OVERSIGHT. Just as flexibility in implementation methods
is needed, willingness to modify the work plan and R&M strategy is necessary. Plans, including
basic strategies, should be reviewed and revised at appropriate intervals based on information from
experience gained during project implementation, from the monitoring and evaluation system and
from outside experts consulted at midterm or another appropriate time.

MIDTERM EXTERNAL EVALUATION. WMP and ISMP have clearly shown the value of a
midterm evaluation carried out by external experts. When done propetly, this evaluation is based
more on the ideas and information held by the project participants than on the outside experts’
knowledge. The function of the experts is to collect and consolidate these ideas and information
and present them in a clearly articulated form so that project participants can make the necessary
changes in plans and implementation methods.

FINAL EVALUATION AND COMPLETION REPORT. Finally, it is important that the project
implementors prepare a completion report and that a final evaluation be done, preferably by
outsiders. While these do not contribute directly to achieving cost-effective R&M on the particular
scheme reported on, they do provide information that will be of use elsewhere, including particular
technical approaches learned during the project and particular management lessons learned. An
economic evaluation should be part of the final evaluation not only to satisfy funding agency
requirements but also to provide a check to the ideas presented in this paper.

Implementing the Process with Donor Funds

‘The approach to achieving cost-effective R&M outlined above does not allow specification of
exactly which systems will undergo R&M until after detailed investigations and negotiations with
farmers. Also, flexibility during implementation is advocated. But changed plans mean changes
in funding requirements. Both conditions make it difficult to be precise about funds needed and
what they will be spent for prior to beginning the project. This approach does not agree with the
usual approaches taken by donors.

It is suggested that the solution has three parts:
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1. The irrigation agencies should set up small units whose function is to investigate systems
that are candidates for R&M and begin tentative negotiations with farmers. This can be
an ongoing process. o

2. The output of these units should be used to decide which systems will be proposed for
R&M funding from a donor.

3. The government should demand of donors that the required flexibility be incorporated
into project plans.

It is suggested that if the government makes the effort to plan R&M in this way, rather than
waiting until there is an expression of interest from the donors, the government will be in a strong
negotiating position. There will still be a place for foreign technical assistance to provide advice
on new technologies, but the fundamentals of the R&M plans for each system will be set by the
Sri Lankan agencies and farmers on that system rather than by outside consultants.

CONCLUSION

In this paper the authors have analyzed Sri Lanka’s 15 years of experience with projects for the
rehabilitation and modernization of major irrigation systems to define a set of principles and a
process that they believe can ensure cost-effective R&M. Although the data have been drawn only
from Sri Lanka, the factors focused on are aspects of process and management rather than
location-specific technical factors. Therefore, the authors believe that these principles are valid not
only for Sri Lanka but also for many other developing countries.
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CHAPTER 3

Mogtédo: The Sociotechnical Evolution of
an Overexpanding Irrigation Scheme

Hilmy Sally

INTRODUCTION

BURKINA FASO 1S a landlocked country of 274,000 km?, situated between latitudes 10°N and I5°N
in the Sudano-Sahelian agroclimatic zone, characterized by an annual rainfall of between 400 and
1,200 mm.

Irrigation development began in the 1960s with a view to help meet the food requirements of
the country’s 9 million people by supplementing the production from traditional rain-fed farming.
Irrigated agriculture is presently estimated to cover about 16,000 hectares (ha), or about 10 percent
of the irrigation potential. This area remains modest compared to the nearly 2.6 million ha of
rain-fed agriculture.

In the current socioeconomic context, dominated by the need to adhere to structural adjustment
programs, the progressive transfer of management responsibilities in irrigation schemes to the
beneficiaries is increasingly becoming a feature of irrigation development policy in Burkina Faso.
The TIMI-Burkina Faso country program aims to strengthen the capacity of national partner
institutions to improve and sustain the performance of small-scale, reservoir-based village
irrigation schemes through collaborative research, training, and information dissemination. IIMI
acts as the executing agency of a 4-year project financed through a technical assistance grant from
the African Development Bank (AfDB) to the Government of Burkina Faso.

The project commenced in April 1991. This paper reports on the results of the first 18 months
of work in Mogtédo, one of the five small-scale, reservoir-based irrigation schemes where IIMI is
conducting field research. It also draws on the more generic work carried out on the institutional
and legal frameworks related to the irrigation sector in the country.

The Mogtédo Irrigation Scheme, commissioned in 1968, is one of the oldest in Burkina Faso,
It is typical of small, reservoir-based village irrigation schemes managed by farmer organizations
with technical assistance and support services provided by government agencies. The scheme has
undergone much change in the nearly 25 years of its existence. The initial reticence of the farmers
vis-a-vis irrigation gave way to an avid interest in acquiring an irrigated plot. This resulted in a
progressive expansion, formal as well as informal, of the irrigated area which continues even to
this day. Much of this expansion however did not follow any rational development plan and
escaped all supervision or control on the part of the state, which remains the legal proprietor of the
reservoir, the irrigation infrastructure as well as the irrigated land. A deteriorating physical
infrastructure and water piracy exacerbate system management. The farmer organization implicitly
condones this situation by its inability or unwillingness to act against it.

The paper identifies the internal and external factors which are likely to have contributed to
the present situation. It analyzes the mobilization and storage of the water resource, assesses
operational practices relating to water conveyance, distribution and on-farm irrigation, analyzes
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the formal and informal organizational arrangements in the systems, and reviews the institutional
context. The interactions among the different actors of the system and the conflicts between the
traditional seats of authority and “modern” administration are explored. Some key physical,
institutional and organizational factors likely to contribute to ensuring the sustainability of
irrigation schemes of this type are finally identified. This is especially in view of the current
irrigation development policy in Burkina Faso which emphasizes the progressive transfer of
management responsibilities to the beneficiaries.

THE MOGTEDO IRRIGATION SCHEME

Location and Climate

The Mogtedo Irrigation Scheme is located near the village of the same name, 85 km east of
Quagadougou, the capital of Burkina Faso. The Mogtédo Reservoir is one of over 700 small
reservoirs in the country (Figure 3.1) providing people and livestock with some degree of security
against climatic variability. Use of the stored water resource for irrigated agriculture was rather
limited until formal irrigation schemes were begun to be developed around these small dams and
reservoirs in the 1960s.

Figure 3.2. Average rainfall, pan evaporation and temperature, Mogtédo, 1971-80.
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The climate in the area is of the Sudano-Sahelian type with a single rainy season from May
to September and mean annual rainfall between 700 and 800 mm (Figure 3.2). The hottest months
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are April and May when temperatures during the day can attain 45°C, whereas in January, the
coldest month, minimum temperatures often fall below 10°C.

The Dam and Reservoir

The Mogtédo Reservoir was created by constructing a 5-m high earth dam, 2,600 m in length,
across the Bomboré, a tributary of the Nakambé River (formerly called White Volta), Its catchment
area is approximately 500 km?. The dam is in good condition, apart from the loss of some riprap
on the upstream face and a few traces of erosion on the downstream face. However, the 600-m
long concrete spillway is threatened by progressive erosion of the spill tail channel which has
already undermined the antierosive dike located immediately downstream of the main spiflway.

The reservoir, whose capacity was assumed to be 2.9 million m? (until 1991-92), provides
irrigation water to land on the left and right banks of the river. The official irrigated command area
is made up of two blocks (57 ha and 17 ha) on the left bank side and a single 19-ha block on the
right bank, developed progressively between 1964 and 1975, Large extents of informally irrigated
land within and around the “official” command area have gradually come into being since 1985
(Figure 3.3) and add to the complexity of systern management. Surveys conducted by IIMI in 1991
and 1992 have revealed that the extent of informal irrigation varied from sector to sector but was
always of the order of 30 ha.

Irrigation and Drainage Network

A 2,500 m long, 180 l/s capacity, concrete-lined main canal conveys water from the reservoir
through the left bank command area. Water is then distributed to the farmers’ fields via a network
of eight secondary canals (also lined) and 64 unlined tertiary canals. The first six secondary canals,
S1 to S6, are equipped with calibrated distributors (or “modules™) of 30 l/s capacity each.
Regulation of water level in the main canal is ensured by a series of concrete weirs. The gates at
the heads of the tertiary canals no longer exist. The irrigated area on the right bank is fed by 4
secondary canals taking off immediately downstream of a 75 1/s sluice from the reservoir.

Table 3.1 summarizes the characteristics and present state of the secondary canals of the left
bank area, the primary focus of this paper.

The drainage network is practically nonfunctional and large extents of land in the central zone
of the command area as well as low-lying areas in the “extension” remain waterlogged.
Furthermore, some drains have even been transformed into irrigation canals!

Soils and Crops

The scheme was originally planned for double cropping of rice on the basis of soil surveys carried
out in the early 1960s which indicated the predominance of hydromorphic soils (Gavaud and
Pereira-Barreto 1961) in the area. Extensive in-situ tests carried out on the IRAT (Institut de
Recherche Agronomique Tropicale) experimental farm established on the right bank area between
1964 and 1970 revealed that the first 40 to 60 cm of soil were in fact more permeable than was
initially thought. Hence, diversified crops such as onion, tomato, chili and other vegetable crops
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Table 3.1. Inventory of secondary canals in the left bank area of the Mogtédo Irrigation Scheme.

Canal Length Discharge | Number of | Irrigated Present state of canal and structures
(m) capacity tertiary area
Us) canals (ha)
51 810 3 9 15 * Subsidence of certain reaches
* Deterioration of canal lining
* Absence of control gates
S2 250 30 9 8 do.
83 720 30 10 1 do,
54 770 30 8 11 do.
S5 250 30 9 11 - do.
56 200 30 9 3 do.
87 M3 kL] 5 9 * Canal dilapidated due to poor quality
Extension of construction and frequent inundation
* Demolition of canal lining
* Absence of control gates
* Seepage losses |
S8 610 27 5 7 do.
Extension

were encouraged in the dry season. However, in certain low-lying zones, rice cultivation remains
the only possible option in the dry season as well.

Landholdings

The size of the irrigated holdings is variable and relatively small. A survey carried out by IIMI in
1991 revealed that out of 374 landholdings, about 65 percent were between 0.20 and 0.30 hain size.
The size of the smallest holding was (.10 ha, while that of the largest was (.80 ha (Figure 3.4).

ORGANIZATIONAL STRUCTURE

According to existing legislation in the country, two distinct bodies are empowered to manage the
irrigation scheme. One is, a collective organization made up of the beneficiaries to take charge of
its day-to-day management. The responsibilities of this farmer organization, as described in the
official texts, include organizing and carrying out irrigated agriculture, ensuring that technical
norms and directives are respected, operating and maintaining the irrigation system, collecting user
fees, facilitating the marketing of produce, and promoting a cooperative spirit among its members.
The other body, a management committee made up of representatives of the provincial
administration and the different state agencies with an interest in the schemie, and farmer
representatives, is supposed to oversee the functioning of the farmer organization and to generally
look after the interests of the state. This committee is entrusted with a consultative role concerning
water distribution and marketing, and an executive role in matters relating to land allocations and
land tenure. '
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Figure 3.4. Distribution of landholding size, Mogtédo, 199].

0.21-0.25 ha

Percentage

0.46-0.50 ha

In Mogtédo, immediately following the first round of land allocations in 1968, the farmer
organization automaticaily obtained the status of a cooperative, headed by a Board of Directors.
Although a draft constitution and associated statutes were drawn up to regulate its activities, they
have not been formally adopted to date. In addition, the Management Committee too has hardly
ever functioned effectively.

The Mogtédo Cooperative benefits from technical and administrative support from a number
of agencies under the Ministry of Agriculture. Agricultural extension advice is provided by the
Regional Agro-Pastoral Promotion Center (CRPA) which has two full-time field staff posted at
the scheme, while the “Projet Sensibilisation” (a farmer training and sensitization project
functioning under the same ministry) runs literacy programs and provides some training in
administration and management. The National Development Bank and the National Agricultural
Credit Agency extend credit facilities.

The principal focus of support staff from the extension services is on agronomic issues (e.g.,
ensuring supplies of seed, fertilizer and other inputs). Little attention is paid to optimum water use,
doubtless because they lack technical training and skills in irrigation water management.

Actual system management operations are left in the hands of a farmer, employed part-time
by the Cooperative as an aiguadier (a gate operator) and he carries out decisions made by the Board
in this respect. In reality, his task is limited to opening of the main sluice in the morning and closing
it in the evening (there being no irrigation at night) and to adjusting the setting of the calibrated
distributors along the main canal.

The organizational chart of the Mogtédo Irrigation Scheme is presented in Figure 3.5.
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Figure 3.5. Organizational chart of the Mogtédo Irrigation Scheme. ‘
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SPOMR = Service Provincial 4 I'Organisation du Monde Rural.
PDRG = Projet de Développement Rural de Ganzourgou.

EVOLUTION OF LAND OCCUPANCY

Land Allocation Process and Land Tenure

When the state decides to invest in an irrigation system, it takes over the land on which the scheme
is to be built. No compensation is paid for the expropriated land. After construction, the land is
redistributed to the people following certain criteria. Previous occupants usually get priority. But
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the beneficiaries are neither granted title deeds to their parcels nor are they guaranteed leaseholds
for any period of time. The parcels may be withdrawn at any time, usually for not respecting any
of the regulations governing farming activities which are in force.

Land allocation in an irrigation scheme is generally decided upon by a special commission
made up of representatives of the Ministries of Water and Agriculture, local administrative and
support services (CRPA, SPOMR, ONBAH, etc.), the political authorities, and the traditional
village chiefs. Among the criteria used to determine the eligibility of applicants are:

e  Whether the applicant had participated in the construction of the scheme.
*  Whether s/he was already farming on the area now taken over for the irrigation scheme.

*  Whether s/he had given an undertaking to adhere to the farmer organization, to pay all
dues, and to conform to all technical and administrative directives.

¢  Family size, notably the number of able-bodied members capable of actually contributing
to farming activities.

In Mogtédo, it appears that none of these criteria were determining factors, given the very
small initial demand (in 1967) for irrigated land. Interviews carried cut in 1991 reveal that
participation in construction work or a financial contribution of 1,000 CFA francs (about US$4)
was sufficient to obtain a plot. There is no documentary evidence to prove that this was indeed the
case, since no written records exist of the allocation proceedings. In the absence of records, it may
be assumed that each beneficiary was only allocated a single plot, though it is highly unlikely that
this rule was respected in the case of the subsequent extensions to the command area.

Formal and Informal Extensions

Being one of the earliest irrigation schemes in Burkina Faso, the growth of Mogtédo went hand in
hand with the development of the political, legislative, and institutional frameworks governing
irrigation development in the country. The attitudes of farmers vis-a-vis irrigated agriculture also
evolved with time. Initial reticence, demonstrated by the fact that the allocation of land in 1967
only interested 38 beneficiaries, soon gave way to a great demand for irrigated plots. The
progressive implementation of a number of formal and informal extensions to the irrigated area
was a direct consequence.

Informal irrigation, obviously not conforming to any rational development plan, continues to
expand in the absence of opposition from the Cooperative and of any supervision or control on the
part of the Management Committee. This has led to the tacit acceptance of a variety of situations
and practices which militate against the pursuit of sound irrigation management. Planning and
monitoring become quasi-impossible in a situation where the extent of irrigated area is unknown
because road and canal reservations and even drainage channels are cultivated. Unauthorized
extraction of water from the main canal by pumping or siphoning takes place to the detriment of
downstream water users, and water distribution does not follow any organized plan. The capacity
of the existing canal network to cater to an ever-expanding area is limited. The indifference or
inability on the part of the authorities (farmer organization as well as the state administration) to
take effective remedial action clearly reflects the urgent need to correct existing weaknesses in the
overall institutional framework related to the development and management of irrigation.

The different phases of development of the irrigation scheme are summarized in Table 3.2,
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Table 3.2. Chronology of main events in the development of the Mogtédo Irrigation Scheme.

Year Event

1963-64 | Construction of barrage-reservoir; the reservoir is now known to have a
storage capacity of 6.5 million m? (its capacity was initially thought to be 2.9
million m?).

1964-74 | Development of a 19-ha area on the right bank to serve as an experimental
research station for the Institut de Recherche Agronomique Tropicale (IRAT).
This area was blocked out and turned over to farmers after the closure of the
station,

1967-68 Commissioning of 57 ha of irrigated command area on the left bank.

1974-75 |Implementation of an extension of 17 ha at the tail end of the left bank system,

1984-85 | Blocking out and turnover of IRAT experimental farm to farmers.

1985 Appearance of informal extensions along the head reach of the left bank main
canal, along the main drainage channel, on canal reservations, around the
reservoir boundary, etc.

1991 First attempt at quantifying magnitude of informal irrigation; IIMI survey in
dry season, 1991, reveals an extent of nearly 30 ha, and more than 70
unauthorized pumping/siphoning locations. TIMI also carries out extensive
topographic surveys to establish updated plan of canal network and irrigated
area (Figure 3.6).

1991-92 Discovery (by IIMI) that accepted reservoir capacity is erroneous; subsequent
bathymetric survey confirms reservoir capacity is 6.5 million m>.

Some Likely Causes for Uncontrolled Extension

The construction of the reservoir and the development of the irrigation scheme not only attracted
a large number of migrants but also gave rise to a variety of associated economic activities. This
migration largely contributed to the increase in the population of Mogtédo. The national census
carried out in 1985 revealed that there were nearly 3,500 people in Mogtédo (compared to a
population estimated to be less than 500 in the early 1960s).

Increased pressure on arable land and deteriorating soil quality adversely affect returns from
rain-fed farming (though, as discussed later, farmers do attempt to improve productivity through
innovative practices). On the other hand, beneficiaries of irrigated plots themselves claim that the
relatively small size of their landholdings (cf. Figure 3.4) oblige them to seek supplementary means
of satisfying their requirements. Acquiring (or extending) farm land with a more or less assured
access to irrigation water constitutes one possible response to both the above situations, vsually
rendered even more attractive by connivance on the part of those bodies charged with management
responsibilities on the scheme.
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Among other reasons which could explain this phenomenon of uncontrotied Exwpsioh are!

e  The non-delimitation of the zone of influence of the reservoir and the i:rigfatibh‘%ystemf : -

e Ineffective supervision and control on the part of the farmer- orgamzatlon and the state -

-agencies.

e The potential profitability of informal irrigation, especially vegetable cult(vatlon dunng
the dry season. R

*  Allottees’ desire to increase the size of their irrigated iandholdiﬁés.;;

e For those not already possessing .an irrigated landholding, the’ nbvlous attraction of
exploiting a farm plot with access to irrigation water. '

e The need to diversify cropping in response to market forces and the consequent search ‘
for soils better suited for the crops in question.

Strength and Composition of Farming Community

A survey conducted by IIM1 in 1991 with the aid of the farmer Cooperatwe revealed that there
were 339 farmers of whom 312 had allotments within the “official” command area and 89 outside _
it. Of this latter number, 62 had holdings within as well as outside the’ “official” command area. -
About 50 percent of the allottees are from the village of Mogtédo itself while the rest of the
allottees originate from 15 other villages located within a radius of 100 kmi This highlights the '
. heterogeneity of the farming community in the irrigation scheme as'a msu]t o‘f mlgration into’
Mogtédo.
All allotiees are men with the exception of two women (who happen to be widows). Thls

maybe explained by the fact that the land allocations were made to- the ‘hieads of households, :

generally men. A certain number of village groups also benefited from the’ aiiﬁcatlon of irrigated
plots.

From the socio-professional standpoint, the majority of the beneficiaries are fu]l-tlme farmers. -
Among the remainder are local businessmen and even some pubhc servants workmg for state'
agencies providing support services to the scheme.

ANALYSIS OF WATER AVAILABILITY

The Mogtédo Reservoir not only supplies water to the i 1rr1gatlon system downstream but also. caters‘
to domestic and livestock needs. In addition, water is pumped directly out of the reservoir for
informal irrigation around its fringes. In the latter half of the dry season, even parts of the reservoir -
bed and its inner slopes are cultivated! This practice, which has assumed' considerable importance
in recent times, tends-to accelerate the sedimentation of the reservoir and ihcréase the risk ‘of
pollution from pesticides and herbicides; water released from the reservoir ls:also used for dnnkmgf -
purposes.,
A technical note on the construction of the reservoir (SOGE‘I'HA 1964) and all relevant
documents available at the time showed the storage capacity of the reservoiras'2: 9 n‘nlllon m? In.




63

the course of its research, IIMI discovered an anomaly in the existing altitude-surface area-capacity
curves of the reservoir. Computations based on the available information led ITMI to suspect that
the reservoir capacity was at least two-and-a-half times the generally accepted value. The
subsequent field survey commissioned by the Ganzourgou Prc vince Rural Development Project
{PDRG}) confirmed that the reservoir capacity was, in fact, 6.5 million m?.

Figure 3.7 shows altitude-surface area curves as well as different altitude-capacity curves for
the reservoir: (1) altitude-capacity curve shown in existing technical documents, (2)
altitude-capacity curve reconstituted by IIMI in 1991 from existing altitude-area curve, and (3)
altitude-capacity curve established after field survey in 1992.

It, therefore, appears that the water resource availability is greater than the initial assumptions
which formed the basis of the design of the irrigation system. In theory, this situation opens up the
possibility of further expansion of irrigated area. But an important precondition is the definition
of a rational development strategy for the whole zone which also takes into account the integration
of the “unauthorized” irrigated areas as well.

The irrigation scheme was designed for double-cropping of rice. Indeed, a study of very early
project documents related to the scheme reveals that three development options were considered
initially, two of which involved the development of approximately 120 ha on the left bank area.
The final choice to limit the irrigated area to 57 ha was largely dictated by financial considerations,
Considerable extents of land suitable for rice cultivation (within the system) or diversified crops
(just outside the system) were thereby excluded from the “official” command area, It was on these
very same lands that spontaneous, informal extensions originated. The fact that the reservoir was
able to sustain this unauthorized extension may be attributed to its greater-than-assumed storage
capacity. But the irrigation network, whose carrying capacity was not designed to serve this
expanded area, cannot be overloaded beyond its present limit. Unfortunately, any attempts to
reorganize water distribution making use of the existing canal infrastructure are rendered difficult
due to the attitudes, influence and social status of most of the farmers resorting to informal
irrigation.

SOME ELEMENTS OF HYDRAULIC PERFORMANCE

According to the original design, the main canal and all the secondary canals were expected to run
continuously during the daytime. Water was supposed to be distributed among the tertiary canals
within a secondary block on a rotational basis. However, unauthorized extraction of water by
pumping or siphoning from the main or secondary canals prevents the implementation of any
operational plan. These “spontaneocus irrigators” aggravate the “normal” deterioration of the
system after nearly 25 years of existence by their attempts to gain access to water by (a) fabricating
supplementary tertiary canals, (b) modifying or damaging the canal network, and (c) constructing
temporary stone or brushwood weirs to raise water surface elevations and facilitate the operation
of siphons.

It is difficult to accurately quantify the extent of unauthorized irrigation due to the rapid
evolution of this phenomenon. The first attempt at assessing it was an extensive topographical
survey carried out by IIMI in 1991 which revealed nearly 30 ha of unauthorized irrigation (Figure
3.6) and more than 70 points of unauthorized extraction of irrigation water. An inventory of nearly
40 diesel pumps which operate along the main canal was also established (Table 3.3).

It is important to note the existence of more than 10 pumps with a discharge capacity of around
15 I/s in the head reach. If all of them functioned simultaneously, nearly all the flow in the main
canal would be intercepted, at the expense of downstream users.
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Table 3.3. Inventory of pumps functioning along the Mogtédo Left Bank main canal.

Location on the Make of pump Number Nominal discharge
main canal {l/s)
Head reach YANMAR 6 g0 16
TOMOS 7 8
SUZUKI 2 16
HONDA 3 81018
BERNARD-MOTEUR 2 gto16
Reach S1-82 YANMAR 4 16
SUZUKI 1 16
HONDA 1 —
BERNARD-MOTEUR 1 —
Reach S2-83 YANMAR 2 16
SUZUKI 2 16
YAMAHA 2 -
Reach S$3-54 — ! —
Reach $4-85 YAMAHA ! -
Reach §5-56 YANMAR 1 -

As a partial response to the advent of “spontaneous irrigators,” mainly along the banks of the head
reach of the primary canal, the Cooperative introduced rotations among the secondary canals in
the dry season as follows:

+ Monday and Thursday Secondary canals 81, 52, 83

¢ Tuesday and Friday Secondary canals S4, 85, 56

* Wednesday and Saturday Extension

¢ Sunday No irrigation

The farmers of the “unauthorized” plots are expected to respect the same rotational plan as
those of the secondary canals located nearby. This plan, having been established without any
technical basis, is not compatible with the existing canal regulation structures (static weirs) which
had been designed to function under totally different hydraulic conditions (continuous flow). In
addition to the difficulty of controlling the unauthorized extraction of water, the twice-weekly local
market and various other social events also tend to disorganize the operation of the rotational plan.

During the rainy season, the main canal flows continuously. The farmers are expected to
organize the water distribution within the secondary and tertiary blocks. Secondary canal flows
generally vary from 15 to 20 I/s (compared to their design capacity of 30 I/s). Practically all the
tertiary canals along a given secondary canal function at the same time and, in addition, farmers
tend to irrigate more than one plot at a time within tertiary blocks. Flow measurements indicate
that tertiary canal discharges rarely exceed 5 l/s. One such example is shown in Figure 3.8,
indicating the distribution of water flow along secondary canal S1. Such low flows lead to an
increase in irrigation duration — 8§ to 10 hours to irrigate a plot of 0.25 ha. Water distribution
performance is further affected by the fact that farmers usually pursue other occupations (notably
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rain-fed farming in the wet season). They are thus unable to be present throughout the day to
supervise the irrigation of their plots. This task is sometimes entrusted to a child who is unlikely
to be in a position to respond to the caprices of farmers located further upstream CORCerning access
to water.

Integration of “Spontaneous Irrigators”

Any proposal for improving performance in the Mogtédo Irrigation Scheme should necessarily
address the question of how to integrate the “spontancous irrigators” (this term, less pejorative, is
preferred to the term “'pirates”) into the mainstream of system management. One alternative studied
by TIMI (Keita 1991} relates to the integration of the informally irrigated areas on either side of
the first 800 m stretch of main canal, located between the main sluice and the first secondary canal.
Currently, water is extracted directly from the main canal via pumps or siphons. It is envisaged
that the informal plots be grouped into a fixed number of irrigation units in order to limit the points
of direct extraction along the main canal and thereby enable better means of control and potentially
less disruption to water distribution. For example, [IMI has studied the possibility of constructing
six new secondary canals on the head reach of the main canal, three of them serving informal plots
on its left bank and three serving the right-bank plots. The canals may be supplied via a “collective”
pump; tertiary canals can thereafter deliver water to the farm plots by gravity, pumping or
siphoning according to the prevailing local topographic conditions. The proposed canal capacities
are 15 /s each and night irrigation becomes necessary. Another alternative considered is the
construction of an independent main canal to serve the plots of the “spontaneous irrigators.”

AGRICULTURAL PRODUCTION

Traditional Production System and Rain-Fed Farming

Before the creation of the irrigation scheme in 1967-68, Mogtédo was a small, sparsely populated
village of less than 500 people. Rain-fed agriculture (rice cultivation in valley bottorns, and millet,
sotghum, maize, groundnut elsewhere) constituted the principal activity, sometimes supplemented
by livestock farming. Hardly any fertilizer (neither organic nor mineral) was applied to the fields;
the main method of restoring soil fertility was to periodically leave land fallow by moving to other
land in the neighborhood.

The migration which followed the construction of the reservoir and the Mogtédo Irrigation
Scheme increased the pressure on arable land. Itinerant agriculture gradually gave way to a more
settled type of rain-fed farming. At the same time, the use of improved varieties, modest application
of chemical and erganic fertilizer, and the use of animal traction found their way into the rain-fed
agricultural practices. However, productivity remained low, mainly due to the combination of
unfavorable climatic conditions, poor quality soils, and a socioeconomic context which did not
allow a higher level of intensification.

In the smali irrigation schemes such as Mogtédo, irrigated agriculture has to be supplemented
with rain-fed farming and/or other off-farm activities. The returns from irrigated agriculture do
not permit the farmer to abandon rain-fed agriculture which, in addition, is a more deep-rooted
rural tradition. A recent study (Projet Sensibilisation 1991) conducted on an irrigation scheme in
the northeast of the country revealed that irrigated agriculture only accounted for around 6 percent
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. of the annual family revenue, during a year when rainfall was better than normal iy Erbliglﬂ years e
it maybe expected to contribute a higher percentage). Due to their re[atwolysml i
-ha), the total production from an irrigated landholding remiains low, cotﬁpmw '
- plots ‘which are 3-5 ha in size; however, productivity (3,000-4,000 kg/ha) is very thigh cutﬁpﬁred T
to the 700-800 kg/ha from rain-fed farming. Moreover, rice, the principal irrigated. crop, unlike
‘millet or sorghum from the rain-fed farms, does not form part of the tradmonal mra! menu andis -
considered as a commercial crop or is reserved for special occasions. . e
In the farmers’ decision-making process and evaiua’uon of risk, rami{-‘éd fm‘m ’ﬂhﬂms ﬁrst i
: pnonty due to its dependence on unpredictable rainfall. A delay in commenci y o
‘seaison is tonsidered less risky on account of the security offered by ﬂw
_-of course, the:season extends into December and January when the ¢
" ‘reduction if yields). The lack of sufficient manpower to enable the simul
* “andirrigated farming is yet another constraint. All thesé factors tend
 -rrigation system performance. Besides the fact that optimum use is not
of'the croppmg ‘calendar, from land preparation through replanting to harvesti
“resulting in the depletion of the water stored in the reservoir at'the end of the'
in-turn, diminishes the extent of cultivation poss:ble m the dry seaso af
'mtensnty)

lrrigated Ag'riculture in the Rainy Season

. As stated above, the principal irrigated crop is rice. A large number of Tick vaneues are it ise in .

- the Mogtédo Irrigation Scheme of which the most popular are IR 1529 and IET 2885 The -~

" Gambiaka variety is appreciated mostly by farmers having landholdings in low-lymg areas. .
However, variety 4456, currently recommended by the national agronomic. re&earch;_ isfifute, is i

hardly cultivated by the Mogtédo farmers (see Table 3.4). Only a small’ mtno f o

* certified seed, the majority producing their own seed rice.

[ Cvaney | 1990

.‘Percenthge Yield Total Percenlage -
of total (kg/a) |production | of total
area (kg) area | ...
RIS b 764 3,797 279,573 587 |
o JiETasss ) 168 3,296 53626 | 320 | 4169
| CAMBIAKA. | 47 1,965 8,882 38 | 2481
{TOX 728:1 1.2 4,183 4,685 40
4436 09 3,589 3,155 15
Total - | 1000 3,366 349,921 100.0°
».@L_meﬁcs) '

. The averagc yield (for all varieties) of approximately 3.5 t/ha is: iomwhen compm‘ed 1 the
‘potcnual .The highest yielding varieties are Tox and IET 2885 (= 4. trha). whem Gambraka
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produces the lowest yield (= 2 t/ha). Figure 3.9 shows the rice yields in Mogtédo for some years
during 1972-92, based on available records, Among the reasons for the relatively low and unstable
yields recorded are acidity of the soils, imperfect land leveling, inadequate attention to weeding,
and incorrect application of fertilizer. Some uncertainty also arises out of the method used to
estimate yields — weight of unhusked rice (based on the number of 80-kg bags declared to the
Cooperative) divided by the area cultivated — because farmers do not declare their entire harvest
to the Cooperative.

Figure 3.9. Rice yields in Mogtédo (data available, 1972-92 )

4000
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70 72 74 76 78 80 82 B84 B& 88 90 92
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With regard to the cropping calendar, nurseries are established quite late and extend over a
long period (early June to late July), due largely to the competition from rain-fed agriculture. The
size of the nurseries is smaller than accepted norms; the nursery area to farm area ratio is of the
order of | percent on average, compared to the recommended value of 3 percent. Thus the number
of plants available is often insufficient to plant the whole plot and some farmers are obliged to
create a second nursery. This results in crops at different stages of maturity coexisting within a
given plot. Replanting also extends over a long period, as shown in Figure 3.10, which depicts the
progress of replanting of the rice crop in the rainy season, 1991, which extended to over two
months.

DRY SEASON CROPPING

It is difficult to obtain accurate information on the spatial and temporal distribution of dry-season
crops tn Mogtédo, due to the significant extents of land cultivated outside the “official” command
area. I[IMI’s best estimate of the total area of diversified crops (within and outside the “official”
command) in the dry season, 1991-92, is 43 ha, distributed as indicated in Table 3.5. In addition,
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Figure.’:‘ 10. Mogtédo Progress of replanting the rice crop, wet season. 1991 S DR
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Table 3.5. D:smbunon of crops other than rice in Mogtédo, dry. season I 991/92

Crop Area cultivated (ha)
“Om‘:ial” Il]formal Total
Onion 2.7 1.1 I 138
| Tomaﬁb 45 o7
Egg-plant 23 0
Others 25 | 60
Total 12.0 30.8 i

there was significant rice cultivation (generally confined to the “official” command area) ,
estimated to cover nearly 30 ha. '

Of the crops other than rice, onion was, in general, the most extensively cuitivated vaﬁety
Tomato cultivation took precedence on the heavier soils which are ieSS favorablc to the
devclopment of onion bulbs. _

It is noteworthy that more cropping has occurred outmde the “ofﬁc:al"acpmraand area’ than -
within. One argument made by the farmers in support of this practice is thalthere lsahighiﬁmdence -
of stil} unidentified pest attacks within the “official” command area... A e
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Another remarkable feature this year has been the large extent of rice cultivation during the
dry season, even on the nonhydromorphic soils. This phenomenon may be explained in part by the
significantly greater water resource available in the reservoir this time compared to the previous
dry season. Investigations are underway to understand the real motivations of farmers to grow rice
in the dry season. If water was not a constraint, would farmers prefer to grow rice, even during the
dry season? Or, is it because of the possibility of growing other crops outside the “official”
command area?

The area occupied by each crop on a given parcel is small (0.0 to 0.18 ha) but as there is
generally an association of different crops within a given parcel, each farmer finally cultivates a
total area comparable to that of rice in the wet season (0.20 to 0.44 ha).

The quality and origin of the seed used are unknown. Some farmers produce their own onion
and tomato seeds. Accurate information on yields is not available as the Cooperative is not involved
n marketing the produce (vegetables as well as rice), unlike in the case of the wet season. The
intensity of the extension and support services is less than in the wet season but this does not appear
to seriously handicap farmers’ performance. On the contrary, their remarkable capacity to adapt
and innovate appears to yield (at least for some of them) high returns, as demonstrated by their
ability to invest in pumping and siphoning equipment.

As in the case of rice cultivation, the crop calendar extends over a long period of time; for
example, nursery preparation stretches from October right through to January or February.
Harvesting gets delayed till May or June, and enters into conflict with planting activities in the
rain-fed lands at the start of the rainy season. The end result is yet another delayed start to the next
rice cultivation season.

SOCIAL ORGANIZATION OF THE IRRIGATION SCHEME

In this section, the objectives and strategies of the principal actors within the system are analyzed
with a view to understanding the social and organizational dynamics of the scheme. The
distribution of power and authority and the nature of the interactions (affinity, opposition, etc.}
among the actors are highlighted.

Management Committee

The composition and responsibilities of the committee have already been described in the section
on the organizational structure. Unfortunately, it does not appear to have functioned in a
particularly consistent manner — at times it has acted rather hesitantly while at other times it has
acted very vigorously. But on the whole, it has been a forum for endorsing the decisions made by
the Board of Directors of the Cooperative. Members meet occasionally at the request of the Board
or assemble for semiannual general meetings of the Cooperative. In effect, the Management
Committee does not seem to have fulfilled the roles expected of it in the legislation. Otherwise,
the illegal expansion of the irrigated area may not have continued to the point where it is today,



" influential as well, Based on interviews of some its members, it came to light that

7

Board of Directors of the Cooperative T |

The Board of Directors of the Cooperative is composed of its President, V
Treasurer, Assistant Treasurer and 3 other farmers. The Board appears to funt
capitalizing on the social and economic standing of its members, somie Of Whe

not meet regularly but that instead, decisions are often made by a core group
President, Secretary and the Treasurer. R
-+ ‘The presenit Board, in office for the past two years, is nevertheless maki
redress the financial situation of the Cooperative resulting from thie fal
predecessors. ‘The Board also admits that it lacks technical expertise to
© questions rélated to water management and would welcorme support in this field, On
reconciling the divergent interests in this area is difficult because, ofi

expected to exeércise its authority to arbitrate conflicts and ensure that water
réspected, while on the other, it implicitly condones acts of ‘water piracy.”

The Gate Operator (Aiguadier)

The Gate Operator is one of the early settlers of Mogtédo. He officially took over this position it
1982. Though he has not undergone any formal training, he has acquired ‘sonie ‘nbtlons about
system management through on-the-job experience. Being a farmer himself, he cultivates anumber -
of parcels, both within and outside the “official” command area, in addition to his gate-operation
duties. His main tasks are opening the main sluice every morning amlo!om}gglgé n:the evening,: -
and also adjusting the settings of the calibrated distributors along the main canal. He usually does -
not intervene at lower levels of the system. He maintains good relations with the farmers in general
and constitutes a link between them, the extension agent and the Board. B T

The Extension Agent (Encadreur)

Another long-standing member of the Mogtédo community, the encadmx,appm _ Rﬂ_!_;gygﬁ lost:
some of his technical credibility, and farmers believe that they have no need for further support -

from him, However, he remains particularly active in providing administrative assistance to the. -
Board. , b SR iRk

Farmers -

The analysis in this instance is limited to two categories of farmers, namely, p fartners,
and typical farmers. Farmers belonging to the former category, though fewer in nufhbe (less'than. '
20%), possess more than one parcel (within as well as aside the system) and enjoy-a higher social -
" and economic status. Nearly half of them possess pumps and the other half siphoning equipment -
for irrigating their “unauthorized” fields. As for the latter category, they generally pursue rain-fed . {
farming in addition to irrigated farming. These farmers are the ones who suffer most as aresultof * |
the disruptive practices of the privileged farmers. They are often constrained to resort to irrigation -
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at night. Although they participate in collective activities, these farmers make little or no input to
the decision-making process of the system.

The nature of the interrelationships which exist among the different actors in the itrigation
scheme is represented schematically in Figure 3.11.

Figure 3.11. Sociogram of the Mogtédo Irrigation Scheme (schematic representation of
relationships among the different actors).

MANAGEMENT F—f BOARD OF DIRECTORS PROJET
COMMITTEE OF THE COOPERATIVE SENSIBILISATION
GATE EXTENSION
~— OPERATOR AGENT
FARMERS
PRIVILEGED |++++++++++++++++
FARMERS +
+
+
. "TYPICAL"
.................. FARMERS

Collaborative relationship
...... Weak refationship
++++++  Conflicting relationship

INSTITUTIONAL AND LEGAL CONSIDERATIONS

Nearly 20 legal texts dealing with the organization and management of irrigation schemes in
Burkina Faso have been drawn up at regular intervals since 1960. A priori, this relatively large



74

adopted, (b) the nonfinalization of a number of other legal texts which had not p

the draft stage, and (c) the limited dissemination and lack of information nehmng to niles and '

regulations actuaily in force. _
This fluid situation naturally led to decision making, on the part of state insti

as farmer organizations, which bordered on the arbitrary without regard'to ‘thé ‘provisions ‘and -
guidelines laid down in the legal texts. In effect, one may rightfully wonder whether most of the "
voided if the
Management Committee, the state support services and the farmer Cooperative had carfied out
* their respective supervision and management responsibilities more effectively. For example, the.
different forms of support received by the Cooperative over the years should have enabled it to
develop a sense of institutional maturity. However, it must be admitted that even after 25 years of . -
existence, although referred to as a “Cooperative,” the farmer organization does: not:conform to

deviations observed in the Mogtédo Irrigation Scheme could well have been

all the legal requirements normally associated with this status.
Recent attempts at reducing the confusion in the legal and institutional frameworks have led
to the review and revision of the different legal texts. Following the most recent initiative in 1991,

irrigation schemes are now considered to be governed by three: general legal texts dealmg'._' '
respectively with (a) agrarian and land reform, (b) the cooperative sector, and (c) the. operationand
maintenance of irrigated land. In addition, a certain number of other laws dealing specifically with -
the organization and management of irrigation schemes in the country are also supposed to apply.

Further work needs to be done to overcome omissions and contradictions that still exist and to

harmonize these different legal texts. IIMI, as part of its research effort, will eontnbuteto achlewng :

this goal.

However, the capacity of the farmers, who are key actors in this domain, to deveiop skillsin . -
organization and management, and to communicate and exchange. information cﬂ’ectwcly is’
seriously handicapped by low literacy levels and the nonavailability of the various legal texts in™
the vernacular. The running of the Cooperative remains the preserve of a pnwleged few. Even : -
though performance from the organizational standpoint may appear to be weak, this has not been
the case in assimilating the technical aspects of irrigated agriculture. In effect, farmers give the
impression that they have little to gain from continued technical assistance on ‘the part of the
extension agents. This, in turn, raises questions regarding the credibility, compctence and overalf

quality of the support services.

Although the farmers attitudes vis-2-vis irrigated agriculture have gradually. evolved overtime '

to the point where there is a strong interest in obtaining an irrigated plot, they’ d:splay little

enthusiasm for managing the scheme in a truly cooperative spirit. Ideally, the guiding principle
should be based upon solidarity, with all the members acting together to achieye a common -
objective and for mutual benefit. This egalitarian viewpoint is, however, mcompatlble with the’_‘,_ :

¥ L

rules of traditional rural societies which are dominated by ties of kinship, fendali
elders, submission of women, etc. By and large, farmers prefer to avoide teﬁng _
tradition, thereby strengthening the hand of the traditional authorities to take ovi the embryomc

cooperative movement. It is, therefore, evident that without any form of external control or audit; - '
the technical, administrative and financial management of the organization wﬂi be dlfﬁcult to _

reconcile with the objectivity and transparency necessary for effectlvely ,m
agricultural enterprise.

The development of irrigation facilities requires heavy state investment, whlch in the end lS .
a cost to.the entire nation. Present estimates put the costs at more than §: million CEBA: francs (USS -
20,000) per hectare with total water control, not including the cost of the. damcesnstmnhon The
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state has aresponsibility to continue to maintain a supervisory or regulatory role in the management
of the irrigation scheme, and thereby ensure the sustainability of its investment. It is unreasonable
that the national collectivity be ultimately called upon to bear the consequences of mismanagement
on the part of an autonomous and supposedly responsible cooperative organization.

On the other hand, state law is often in conflict with customary land tights. The land tenure
system, where the state expropriates and redistributes land within the irrigation system, and the
relatively smail size of the irrigated plots do not encourage the farmer to invest in and develop his
allotment. The challenge is thus one of attempting to reconcile the rights of ownership of the state,
as principal investor, with the need to offer some guarantee of medium-term or long-term tenancy
to farmers (lease, contract, etc.) which would encourage them, in turn, to invest in improving the
productivity of the land.

CONCLUSIONS

The Mogtédo Reservoir has been the nucleus of economic growth of the village and its
neighborhood. But the development, largely triggered off by the initiative and innovative spirit of
the local population, did not always follow a coherent plan. Uncontrolled expansion of the irrigated
area within and around the scheme has today reached a point where it threatens the sustainability
of the system. The physical infrastructure (irrigation and drainage canals, structures, spillway, etc.)
is in urgent need of rehabilitation. Organizational and institutional weaknesses add to this perilous
situation. On the other hand, the fact that the Mogtédo Irrigation Scheme has functioned for nearly
25 years without being rehabilitated amply demonstrates the farmers’ capacity to adapt to situattons
and take the initiative to assume responsibilities when their own interests are at stake. This paper
has attempted to identify the causes for this extraordinary situation.

The Cooperative does not appear to have succeeded in reconciling traditional social values
with the principies of objectivity and transparency which should underpin the running of a modern
agricultural enterprise. With little or no supervision on the part of the Management Committee,
the Cooperative was taken over by personalities with soctal and political influence. Institutional
weaknesses related to the dissemination of the relevant legal texts and enforcement of the rules
have contributed to the inability, or unwillingness, of the authorities to exercise statutory control
and supervision of the reservoir and the irrigation scheme.

Certain assumptions and information used in the initial design of the scheme have proved to
be erroneous, such as the storage capacity of the Mogtédo Reservoir. This would account for the
fact that the reservoir has been able to sustain the informal expansion of irrigated area to cover
large extents of land suitable for rice cultivation (within the system), or diversified crops (just
outside the system). These lands were initially excluded from the “official” command area due to
financial constraints. Although the enhanced availability of the water resource theoretically opens
up the possibility of further expansion of the irrigated area, the definition of a rational development
strategy for the whole zone, which also takes into account the integration of the “unauthorized”
irrigated areas already in existence, is an important precondition.

However, the existing canal network does not have the capacity to accommodate further
extension of the command area. The canals and structures already have to cope with situations
which they were not designed for. Water is either pumped or siphoned out of the main canal itself,
to irrigate unauthorized extensions, to the detriment. of water users further downstream. The
theoretical operating rules no longer hold good. System operations result from the sum total of a
number of individual operations rather than emanating from a coordinated collective strategy.
Attempts to respond to the new situation making use of the existing physical infrastructure but
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" with different organizational arrangements have met with limited success because itis usually the -

most influential farmers who resort to “water piracy.” : e L
-..Personnel directly involved in system management (i.e., the extension agents _ o
~ focus primarily on agronomic inputs. This attitude is partly due to theirlack of training andskills - -
in irrigation water management. Main system operations, in particular; are left to'a fariet who -
also acts as a part-time gate operator. TR RA s s T

. - Although farmers appear to assimilate technical issues quickly, they find it more difficult to -

- reconcile the philosophy of the cooperative movement with traditional hierarchical ralés governing
rural society. Power and authority within the farmer organization tend 1o rest Wwith a privileged . -
minority, not entirely convinced by the merits of “democratization.” Serious efforts noed to'be

_ deployed to impart basic management and administrative skills to the farmers to'pteparethemto -

- effectively take over the management of their irrigation system. One fundamentat question that . .

needs to be addressed is what role the state should play, if any, in supervising, regulating, and -

indeed strengthening farmers’ management capabilities and ensuring that the process of
management turnover does not threaten the sustained well-being of the irrigation sthieme.
The existing system of land allocation and tenure is not conducive to improving irrigation
performance.- The introduction of appropriatc measures to encourage- farmers 1o invest in.
improving the productivity of the Jand demands a lot of political courage torecencile state ideology -

with farmer logic. R T

The understanding and knowledge generated through the sociotechnical diagnosis of irrigation. .
schemes undertaken by IIMI and its national partners will contribute to: the.creation of an "
appropriate technical, organizational, institutional and legal environment todevelop and sustain
improved irrigation performance. - EEE -
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CHAPTER 4

Impacts of Physical and Managerial

Interventions on Canal Performance

in Pakistan: A Review of Five Years
of Field Research Studies

Edward J. Vander Velde
and
D. Hammond Murray-Rust

INTRODUCTION

"THEOBJECTIVEOF this paper is to review the results obtained from a set of related research activities
that assessed the impacts of physical and management interventions in various distributary canals
in the Lower Chenab Canal (LCC) system, Punjab, Pakistan, over the past five years (Vander Velde
1991, Bhutta and Vander Velde 1992). The locations of these various research sites are shown in
Figure 4.1.

A key facet of the research in the LCC system reviewed here is that a comparison of three
contrasting approaches to secondary canal performance improvement is now possible;

¢  Physical improvement of the conveyance system, primarily through canal lining.

¢  Focused desilting of existing canal infrastructure that aims to restore, as far as possible,
designed conveyance conditions.

¢  Operational management to ensure that available water is distributed as efficiently as
possible to meet the stated operational objectives of irrigation agencies.

Overall, there Is a significant opportunity to go beyond studies that simply describe
improvements based on a single intervention but do not address the relative merit of one approach
over another, or the possible synergistic impact of undertaking two or more interventions in
parallel. Furthermore, the findings justify making some specific recommendations for policies
aimed at improving the performance of canal systems in Pakistan. Definition of a set of activities
~ that will form the basis of practical options for irrigation managers is also possible.

Short of completely overhauling the canal system in Pakistan, an impossibly expensive task,
the three interventions identified above represent the only realistic approaches that can be adopted
under present conditions to improve the performance of the secondary canal system. There well
may be different interventions possible in the main canal system, including provision of more
cross-regulation capacity than that currently exists, but to date IIMI has had neither the resources
nor the technical capacity to undertake studies in this portion of the irrigation system in Pakistan.
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Finally, before proceeding further, it may be appropriate to strike a cautionary note. Despite
the relative success of this work as a research program, both as an example of how to conduct such
research and in transforming results into practical options for irrigation agencies, institutional
conditions in Pakistan simply do not yet favor a performance-oriented approach to irrigation
management. Concerns with personal advancement frequently outweigh rational use of resources
for either construction or maintenance; moreover, both the increasing frequency of political
interference in canal systems and the declining law and order situation over much of the rural
countryside makes it hard for irrigation-agency staff to implement operational plans effectively,

ESTABLISHMENT OF THE CANAL RESEARCH PROGRAM

In common with the experiences of other field offices, IIMI-Pakistan initially found it difficult to
clearly identify research issues that were both feasible and of interest to line agency staff. This was
partly aconsequence of the relatively low level of resources and facilities available when the office
was established, and partly because IIMI came to Pakistan with no proven track record. It is not
unreasonable to expect a country to be cautious in opening its offices, data records and irrigation
systems to researchers from an unknown institution.

An additional impediment was posed by prevailing conventional wisdom. In the early
discussions on nearly every possible research topic, agency staff were convinced they not only knew
the true nature of things at field level, but also believed that canal systems in Punjab were really
performing quite well. Under such conditions, it was difficult to obtain concurrence with research
proposals to undertake field studies, which implicitly questioned this conventional wisdom.

One notable bias among irrigation agency staff was that studies of canal operations were
unlikely to be particularly useful. It was repeatedly stated that the main and secondary canal system
in Pakistan provided little opportunity for management intervention since canals were run more
or less at full supply level for eleven months of the year. Because actual discharges were believed
to be always at, near or even above actual designed discharges, it was assumed there was no further
flexibility in the system that could form the focus for managerial interventions. While observations
during the first field trips (and on the daily drive to work along Lahore Branch Canal) indicated
that water levels did (and do) fluctuate, and over a significant range during quite short time periods,
no window of opportunity soon appeared for initiating a structured research program.

Whenever interest was expressed by staff of various provincial or federal irrigation,
agriculture and water resource agencies, it commonly was oriented to tertiary and farm-level issues.
This partially was a reflection of the high public profile of the On-Farm Water Management
Program in Pakistan, with IIMI being perceived as having a role not dissimilar to that played by
other foreign research consultants in the past. But, it also served to perpetuate the myth that the
problems of irrigated agriculture in Pakistan basically are a consequence of farmer ignorance. It
has long been the ethic of agency staff to place the blame for the comparatively poor performance
of irrigated agriculture at the door of farmers, and to advocate training and organizational activities-
as the solution to problems of farmer inefficiency and low production.

Interest in Canal Lining

The first opportunity to undertake research in the main and secondary canal system finally emerged
when the Punjab Irrigation Department (PID) asked whether IIMI would be interested in
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undertaking an evaluation of the benefits of canal lining in two canals near Lahore: fl}tﬁpmvincial : .
irrigation departments had watched with some envy the substantial flow-of :résomroes into the

~ watercourse lining component of the On-Farm Water Management Program that-had been

managed through provincial agriculture departments. There was. also some professional piquethat -

agriculturalists-were involved in irrigation-related lining programs, albeit-at‘ﬂ:lawm@miieve_!, e |
Although substantial resources to improve canal-system infrastructure had:been made available to -

the irrigation-departments through the World Bank/USAID co-finaneed- Irigation® System -
Rehabilitation Project (ISRP), there was strong PID interest in developing 4 wider lining program E
in secondary and minor canals. While this first research activity was comparatively modest, it was
* 1o provide the basis for a sustained and increasingly complex research focus on the assessment of -
canal performance in Pakistan. B sl
The two canals in question, Lagar and Ghondaur distributaries, offtake from. Upper-Gugera -
Branch of the LCC system. They had been selected for the PID's lining experiment because they -
were "problem” channels, the “problem” being that water supplies at the tails were well below.
design and had been so for extended periods. It was hoped that lining wonld 1 ssible to -
‘get more water to the tails and thereby reduce or eliminate the continuing eogp} tmers
in tail watercourses about the lack of surface water. Lagar and Ghordaur distribytari
to be conveniently located for inclusion in IIMI's research program;, they Wi
from Lahore during the initial stages of establishment of IIMI-Pakistan
distance of the first IIMI Field Station being established at Faroogabad, in

In retrospect, it is hard to conceive a more suitable starting location for t

The Lessons of Lagar and Ghordaur Distributaries o

As reported in the first IIMI Review, the results of this first study were inconiclusi
1987). The only data sets arailable were secondary information from the PID
records, consisting of water level data at the head of each canal and wa els i
Both sets comprised data reputedly measured and collected on a daily ever, ity
impossible to realistically assess the impact of lining on subsequent canal perf - bedause
there were corisiderable doubts about the veracity of the tail gauge da ‘ %
been a major increase in actual discharges into both canals following lining.
Despite the inconclusiveness of that first study, several important' lessois
relation to design and implementation of subsequent research acthy
following: '

(

¢ Data available from official sources could not be used a5 &';_h; asis for ;n:;
research studies. IR .

Datd from agency records are patchy, often inaccurate and instifficiently docomented to
form the basis for research. In some cases, they may be indicative of tonditions,
but they should not form the basis for detailed research studies iinless they ¢ bevetified .
through parailel field measurement programs. '

«  Physical and hydraulic conditions along distributaries appeared o deteriorate
about two-thirds down the channel. CLE R LR Ve

_ The:field observations made along both Lagar and Ghordaur suggested that water -
conditions in the upper half of the secondary canal were reasonably:good, but-that
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somewhere after about half way down the channel, discharges became inadequate even
though discharge at the head was at or close to the designed value. This observation could
not be substantiated initially by available data, but clearly lining could not be effective if
there were inadequate water conditions upstream of the lined section.

¢ Canal operations greatly influence canal performance in both lined and unlined
conditions.

The PID data clearly indicated that there were fluctuations in discharge into secondary
canals resulting both from water level fluctuations in the main canal and operation of
secondary canal head gates. This finding contrasted sharply with the conventional view
that there was little or no opportunity for management in the main and secondary canal
system.

As a consequence of these findings, field-based activities on a number of topics were added
to the emerging research program. There were:

o  Continued interest in performance resulting from canal lining

It was agreed to continue research into the impact of lining, but only where it could be
conducted in more controlled conditions: a baseline study of water supply conditions
prior to intervention, and a similar set of readings once the intervention had occurred.

»  Studies on changes in hydraulic performance along canals

The apparent deterioration in hydraulic performance resulting in major differences in
water distribution equity between head and tail watercourses even when discharges into
the canals were at or close to designed levels provided a significant research opportunity
to examine how these canals actually function, and what could be done to address the
obvious conditions of inequity.

e Studies on the operation of secondary canal head gates

In an environment where the number of locations for management intervention are
limited, it is obvious that the level of management applied at these locations must be of
high quality. Frequent fluctuations in discharges into secondary canals, and evidence of
extended periods of operation at discharges well below design limits presented
opportunities for operational improvements, but required more data before
recommendations could be developed.

Although the results of each of these three activities are reported separately here for purposes
of clarity, in reality, there was considerable complementarity and linkage in implementation of the
components of the research program and the subsequent reporting of results.

Finally, in this first stage of research, one overall guiding principle was adopted:

Before rushing in with action-research programs that might only yield ephemeral
improvements, it was necessary to first have a clear description and understanding
of current levels of canal performance, and to then try to deduce what would be the
most effective management strategies that could be adopted on a lasting basis by
irrigation agencies.
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THE IMPACT OF LINING ON CANAL PERFORMANCE KH;IKHI
DISTRIBUTARY

IIMT’s research had already established that official records of water conditions were inadequate
below the head of secondary canals, although they were reasonably reliable for many locations
along the main system. Therefore, undertaking a reliable and scientific evaluation‘of the impact
of lining on canal performance would require a long-term commitment to repeated measurements
under controlled or known conditions at many locations along a distributary. '

Surprisingly enough, selecting a suitable site for such a study proved temarkably difficult.
Although several minor distributary canals were being lined thmugh the Command Water
Management Project, no data of sufficient quality were avallable for the before-lining condition
or, in most cases, for conditions following improvement.5 From the perspective of reésearch, the
data environment was no better than the conditions encountered in Lagar or Ghordaur. A few other
canals were lined during 1988 but either because IIMI did not have enough lead time to undertake
the pre-lining survey or because the locations were too difficult to access from existing research
sites, none of these canals could be included.

Eventually an opportunity arose at Khikhi Distributary. This canal is located in the Lower
Gugera Division of the Lower Chenab Canal. IDMI had for some time been interested in working
in the tail-end portion of a major canal to provide a contrast with upper-end conditions studied in
the Farooqabad area, and Khikhi provided sufficient interest for IMI to establish a second field
station in Bhagat Subdivision. In addition, it removed some criticism IIMI had-encountered for
working only in small canals: Ghordaur has a design dlscharge of 1.4 m¥/sec, Lagar only 1.1

m3/sec, while Khikhi has a design discharge of almost 10 m 3/sec and irrigates some 42,000 ha.

Khikhi Distributary was well-known as a “problem canal” with chronic. and long-standing
water shortages at the tail end. In addition, Khikhi supplies drinking water to several areas where
the groundwater is of unsuitable quality for human consumption. These problems were of sufficient
magnitude that they aroused the attention of the late President of Pakistan, General Zia. Inresponse
to complaints, he eventually sanctioned the use of special Presidential Funds to be released to the
Irrigation Department to undertake various remedial measures.

On receipt of these funds the Punjab Irrigation Department developed a two-stage strategy.
The first activity involved a program of desilting, in 1986, using mechanical and manual inputs to
clean out much of the upper two thirds of the distributary. The second activity ifivolved lining, but
this could not be started immediately due to the time required for developin g deta;led desngns and
submitting the final estimates for approval.

The delay in actually implementing the lining program enabled IIMI to undertake acomplete
baseline survey of hydraulic performance along Khikhi Distributary in the period between desilting
and the commencement of lining. As it turned out, the lining progtam itself extended over a
three-year period in order, it was stated, to minimize disruption in irrigation supplies to farmers.
Because work was divided into several phases, with construction proceeding slowly upstream from

the tail, IIMI was able to undertake a further three sets of readings over the firsttwo stages of i

lining. The last phase of lining was completed in late 1990, and a final set of measuiements were

taken in late 1992 to complete this study. These readings had been deliberately delayed in order

to make sure the hydraulic conditions at the head of Khikhi would be essentially the same as those
for previous measurement sets.

R

6 Given the magnitude of the costs associated with these lining activities, it is disturbing that such ﬁnancud decisions
continue to be made without a careful examination of pre-lining conditions, ari assessiént of the lnkciy beneﬁts to accrue
from such an intervention and a rigorous evaluation of the results actually achieved.- s :

.
P B T i e
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The main results of the research can be summarized as follows:

e Tail-end water conditions did not improve following the desilting of the canals

The data show no significant change in water conditions at the tail end of the canal
between the different measurement periods. The immediate reason for this is quite
obvious: the desilting, taken as a contingency measure prior to lining, appears to have
improved things so much that the Delivery Performance Ratio (DPR) in tail-end
watercourses was not significantly different from those at the head. At high discharge
levels, for example, the DPR of tail-end watercourses was better than those in head-end
areas and more or less the same along the distributary when discharges into head of Khikhi
were about 75 percent of design (Figure 4.2). Consequently, there was little room for
hydraulic improvement as a result of the lining.

Figure 4.2. DPR, Khikhi Distributary, after desilting, before lining.
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To make matters worse, there is evidence that tail-end water conditions have declined since
the onset of the lining program. Examination of the conditions prior to the penultimate phase of
lining show that tail-end areas only receive their fair share when the discharge is above design at
Khikhi head, and the conditions deteriorate rapidly when discharges drop below design (Figure
4.3)
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Figure 4.3. DPR, Khikhi Distributary, after lining.
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Although the lining of Khikhi was not explicitly intended to save water, lining is
frequently promoted as one way of saving water. Using data from sample watercourses
only, it is difficult to be definitive about water savings. However, the average DPR of the
sample watercourses was highest in the period prior to lining, and had deteriorated
steadily since that time (Table 4.1). '

Table 4.1. Delivery performance ratios for Khikhi Distributary after each stage of the lining

progrant.
Phase

Location 1 |1 it | A
Khikhi Head 0.99 0.98 0.89 0.99
First Quartile 1.04 1.36 1.30 1.34
Second Quartile 0.90 1.07 1.00 107
Third Quartile 1.68 112 0.75 104 _
Fourth Quartile 127 116 0.71 086 °
IQR (First/Fourth) 0.82 1.17 1.84 155

Note: IQR = Interquartile Ratio.




87

The magnitude of these changes suggest that there may be other factors involved, such
as illegal tampering with outlets during the lining process (such tampering was rampant),
that distort the basic changes in hydraulic conditions along the canal. However, if such
illegal practices are systematically associated with a lining program, the water savings
will not result in improved tail-end water conditions.

Variability of water deliveries to the tail end increased following lining.

The coefficient of variability of daily discharges at the tail has also increased following
lining. Following the desilting but before lining commenced, the coefficient of variation
of daily discharges during each month were at modest levels (Figure 4.4); following the
penultimate stage of lining they are significantly higher at the tail end, and significantly
higher when there are substantial discharge fluctuations at Khikhi Head (Figure 4.5).

This may be a reflection of the greater hydraulic efficiency of a lined canal that allows
perturbations in discharge at tha head to be transmitted more rapidly and effectively along
the canal. If total volume increased, then an increase in variability might be of little
concern but in a situation where total volume decreases, increased variability is an added
constraint to good performance.

The sanctioned cost of this lining activity was approximately Rs 27 millicn (US$1.25 million).
For a culturable command area (CCA) of 33,500 ha, the capital cost was in the order of Rs 933/ha
(US$37.33/ha).

Figure 4.4. Coefficient of Variation, Khikhi, after desilting, before lining.
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Figure 4.5. Coefficient of Variation, Khikhi, after lining.
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One final footnote (which followed the collection of data presented here) to the Khikhi story
needs to be reported. By late 1991, following the penultimate lining activity, the portion of Khikhi
Distributary that lies on the southern side of the Trimmu-Sidhnai Link Canal and the Havéli Canal
were receiving so little water that farmers were successful in getting the Imgatlon Dcpan.mcnt to
provide an alternative source of water supply. A special outlet was constructed in the Haveli Canal
to deliver water into a specially constructed outlet box which serves the tail bifurcation strycture
of Khikhi Distributary that lies on the southern side of the link canal. A new tail structure was then
constructed at RD 135000, dividing water between watercourses RD 135 and RD 137. This
intervention cost about Rs 100,000 (US$4,000) and utilized funds provided from the discretionary
budget of the local Member of the National Assembly, not Irrigation Department funds. -

The tail end of Bachrianwala Minor, which is a minor off Khikhi and crosses both Haveli and
Trimmu-Sidhnai link canals, was also abandoned, and a new outlet constructed in Haveli Canal.
The total cost of these additional changes was Rs 1.2 million (US$ 45,000).

To put it bluntly, the net result of the activity was the loss of the tails of both Khikhi and
Bachrianwala when the very purpose of the lining was to eliminate tail-end water problems.

The primary conclusions of this research are:

¢ Lining the tail end of a canal does not seem to solve the problem of water deliveries
at the tail.

If the conclusion that the desilting of the upper half of the canal resulted in favorable
tail-end water conditions is correct, then it seems equally logical to focus lining on the
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upper portion and try to establish highly reliable and dependable water conditions at the
end of the lined section.

« There is no evidence of water saving as a result of lining.

Investments in lining are frequently justified because of water savings. The data do not
indicate any such savings, but it is possible that benefits form savings, if they exist, have
been overshadowed by additional water extraction by head and middle outlets.

¢ Implementation of the lining program was disruptive.

Because it was decided to maintain water deliveries along the entire length of the canal
during the lining program, except during the period of annual closure of the entire Gugera
Canal System, temporary paralle] canals had to be constructed, These temporary sections
were highly unstable: innumerable breaches were reported. In addition, it was clear that
quality of construction was not up to design standards and this was obvious to farmers.
They became increasingly dissatisfied with the work in progress and feft more than
Justified in making their own illegal interventions.

Further, temporary outlets had to be constructed to serve watercourses while the main
canal was closed. There is substantial evidence to show that many farmers took advantage
of the disruption to install larger outlets, and even to add additional ones. The effect of
these changes, some of which were encouraged by local staff of the Irri gation Department
in return for financial considerations, is to further threaten the tail-end supply of water.

®  The desilting program appears to have more impact than the lining.

The pattern of water deliveries along the Khikhi Distributary measured in the first set of
readings is similar to that of both Lagar Distributary and Pir Mahal following desilting
(see section on "Maintenance and Desilting” below). It therefore appears that most of the
improvements in performance at Khikhi resulted from the desilting program undertaken
before lining commenced, and that subsequent lining had no subsequent impact on
performance.

»  The total cost is significant in comparison to the apparent benefits.

The virtual lack of any improvement in performance between desilting and the end of the
lining program cannot justify the money expended. In addition, it should be noted that
the design adopted for Khikhi was comparatively low-cost. The lining consists of a single
layer of bricks placed on a hand-compacted earth foundation with a mortar finish on both
side walls and bed. More solid lining would undoubtedly be significantly more expensive
and would have to result in improved performance for long periods of time to be
cost-effective.

Despite these negative results, it is not possible to merely dismiss lining as a potential solution
to the water delivery problems currently encountered in Pakistan. Experiences from many countries
suggest that lining, while not resulting in significant savings of water for extended periods of time,
does provide an effective datum for maintenance activities. Reestablishing the correct cross section
is frequently a hit-or-miss-activity in an unlined canal: it is difficult, if not impkssible, to dig out
Just the right amount of material, not too much so as to maintain effective water depths in the canal,
not too little so as to be of marginal benefit.
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The lining at Lagar and Ghordaur, although broken in many places.after only a:few seasons
due to back pressure, poor construction, and damage by tractors and :buffaloes, nevertheless
provides a better overall canal cross-section than in comparable canals that have not been lined.

What is required at Khikhi is a continued set of surveys over the nextfew yeats t6 see whether
these potential benefits are achieved. If the canal silts up as rapidly in lined as in unlined sections,
and if the lining rapidly deteriorates, then the argument for lining canals i the thatiner and to the
design used at Khikhi is unlikely to provide any economically justified performance improvement.

Further, there has not yet been an opportunity to evaluate the impact of lining of the upper

half of a secondary canal. It is highly probable that the results would be better than those reported
here, but how much better remains a matter for speculation until a proper evaluation can be
conducted. e

MAINTENANCE AND DESILTING: LAGAR AND PIR MAHAL,
DISTRIBUTARIES R

One observation made during the initial studies in Lagar Distributary was that water conditions at

the head of the lined section were inadequate even though the water conditions at thedistributary '

head were adequate. This observation led to two conclusions:

e However effective lining is, it cannot compensate for poor water conditions upstream of
the lined section.

e Further studies are required to understand the hydraulic changes that occurred in the upper
two thirds of the canal. o

The first set of readings of discharges at every watercourse along Lagar, takenaspart of the
first phase of intensive field activities, revealed that there was a serious problem, of water

distribution equity: the tail was almost dry while head-end outlets received in excess of 130 percent

of their allocation.

Analyses of these data and surveys of outlet dimensions confirmed that the excess head-end
deliveries resulted from higher than designed bed levels in the upper half of the canal, and not from
any significant interference by farmers: unless the outlet dimensions are illegally altered, the only
way to increase discharge through an ungated structure is to raise the water surface elevation on

the upstream side of the orifice. There was little sign at that time that farmers ‘were interfering to-

any significant extent in terms of building temporary checks.

It was clear that the sediment problem was intense but there was -no;deﬁniﬁy_é; seyidence to

indicate what the results of an effective desilting program would be on canal performance. The
initial observations in Lagar and the first comparative data sets from Khikhi and Pir Mahal were
considered insufficient to come to definitive conclusions concerning the actual benefits of
maintenance: comparing poor water distribution in a badly maintained canal with-good water
distribution performance in a desilted canal 300'km away is hardly good research methodology.

As a result, it was decided to approach the maintenance and desiiting ‘issue in:#:.caréfol and
controlled manner in two selected locations: T I ST L

Lagar distributary was selected because there was already a wclleestﬁ_biishéd pf_ogram
for collecting water readings at each outlet every day; because it was adjacent toithe TIMI
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Field Station at Faroogabad, it was possible to envisage close control over interventions
in an action-research phase.

Khikhi could not be used because it was already desilted, but the adjacent Pir Mahal
distributary proved an ideal alternative. The first set of data from Pir Mahal showed
severe water distribution problems, and these were reported to be of similar magnitude
to those of Khikhi prior to desilting.

The results of both of these studies are discussed below.

Maintenance Studies in Lagar

Using the hydraulic model developed by Dr. M. Nawaz Bhutta when working with IIMI to
undertake his fieldwork for his Ph.D., a proposal was developed in collaboration with the Punjab
Irrigation Department to undertake a selective program of maintenance in those locations where
desilting appeared to have the greatest potential for performance improvement (Bhutta 1990). This
activity was carried out during the annual closure of January and February 1988, allowing IIMIto
undertake a comprehensive analysis of water delivery performance before and after the
intervention. The full story of maintenance impacts in Lagar has been reported elsewhere
(Murray-Rust, Vander Velde and Bhutta 1992).

Despite some evidence to suggest that not as much sediment was actually removed as planned,
the results were dramatic. In summary, the selective maintenance had the following impacts:

o The effects of desilting in the upper reaches of a distributary have a dramatic
beneficial impact on water distribution equity.

Following desilting, the conditions at the tail end improved dramatically: the ratio of
head-tail inequity dropped from 4.20 to 1.29 (Table 4.2), a condition never previously
recorded from IIMI’s own research or from the less reliable but longer term Irrigation
Department records.

Table 4.2. Delivery performance ratios for Lagar Distributary, before and after desilting.

Location Before After
First Quartile 1.32 1.23
Second Quartile 1.32 1.38
Third Quartile 0.86 1.16
Fourth Quartile 0.31 0.95
IQR (First/Fourth) 4.20 1.29

» Inequity between head and tail of the distributary was less than inequity among
watercourses.

The changed spatial distribution of water deliveries (Figure 4.6) indicates that following
desilting there was greater variability among adjacent watercourses than between head
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® Performance improvements following maintenance require parallel operational
management.

The improvements in performance following the maintenance activity only lasted for a
few months. The cause for subsequent decline was not physical change but operational
reasons. Tail-end farmers who had experienced the best water conditions for as long as
anyone could recall found that when the subsequent rice season commenced, upper and
middle farmers stole so much water that the tail again started to experienced severe water
deficits. As a protest, the last quarter of the canal was blocked by farmers in an effort to
demonstrate the ineffectiveness of the Irrigation Department in managing water
equitably. The problems of water theft are discussed in more detail later (see page 103,
"Operations Along Secondary Canals").

Desilting in Pir Mahal

Pir Mahal Distributary and its associated set of minors were in a sorry state of affairs prior to
desilting: the ratio between head-end and tail-end DPRs was over 6.0, much higher than those of
Lagar. Although it had been targeted for desilting for several years, resources for this purpose
could not be mobilized by the Irrigation Department. However, a program for a thorough desilting
was eventually implemented in early 1992. In preparation for the evaluation, IIMI undertook a set
of measurements during June-August 1991 to determine actual conditions prior to desilting, and
asecond set of readings for June-August 1992 following desilting. A total of 20 watercourses along
the full length of Pir Mahal Distributary were included in the measurement program, with daily
readings of discharge taken at each location. In addition, automatic water level recorders were
installed at the canal head and at the bifurcation at Junejwala Minor.

A comparison of canal performance before and after desilting shows that there were indeed
significant improvements in performance as a result of the intervention. The primary benefits can
be summarized as follows:

Canal Capacity

Before desilting, it was only possible only to deliver design discharge into the canal by using the
full freeboard: under these conditions the canal is liable to breaching and it greatly favors the
upper-end outlets because the operating water surface elevation is higher than designed. Following
desilting, it is possible to deliver the design discharge more or less at designed water surface
elevations, and to deliver 30 percent more than design discharge by using the full freeboard. The
differences in actual discharge delivered into Pir Mahal is shown in Figure 4.7, while the frequency
distribution is shown in Figure 4.8,

Measurement Capacity

Before desilting, it was not possible to use the official discharge ratin g curve for the drop structure
immediately downstream of Bhagat Head. This drop structure was drowned out because of
backwater effects created by higher than designed bed levels. Following desilting, this drop
structure now functions normally, with an effective hydraulic jump downstream making it
relatively easy to determine actual discharges into the canal.
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Equity of Water Deliveries

Before desilting, the average discharge into the canal was two thirds that of design, with a DPR of
0.67 (Table 4.3). The upper-end watercourses, however, received more than design with 2a DPR of
1.16, while water deliveries to tail-end watercourses had a DPR of 0.19. This gives an interquartile
ratio (IQR) of 6.11. After desilting, the interquartile ratio declined dramatically. With an average
DPR of 0.99 in the canal, head-end outlets had a DPR of 1.19 while tail-end areas had a DPR of
0.46.

Table 4.3. Delivery performance ratios in Pir Mahal Distributary before and after desiiting.

Location Before After
Pir Mahal Head 0.67 (.59
First Quartile 1.16 1.19
Second Quartile 0.94 1.28
Third Quartile 0.49 0.84
Fourth Quartile 0.19 0.46
IQR (First/Fourth) 6.11 2.59

A fairer evaluation of performance can be obtained by comparing the DPRs when the head
DPR was more or less the same. For periods when the inflow into the canal was at or close to
design discharge, the interquartile ratio improved from 4.42 to 2.03.

However, when discharges were significantly below design, desilting did not result in such
high levels of improvement. When the DPR is between 0.3 and 0.5 at the head, water did not reach
the tail either before or after desilting. However, it was able to reach well into the third quarter of
the canal following desilting, whereas it only reached half way down the canal before desilting.

Internal Rotations

For several years, it has been necessary to implement rotations at Bhagat Head due to lack of water
in Lower Gugera Branch. However, due to sedimentation problems along Pir Mahal a secondary
rotation had to be implemented at the bifurcation between Junejwala Minor and the tail-end section
of Pir Mahal. In the worst conditions, when Pir Mahal was in third of fourth priority, no water
would reach the bifurcation, with areas below the bifurcation only guaranteed to receive water
during one week in four. Following desilting, the rotations at Bhagat Head still have to be
implemented, but rotations are no longer required at Junejwala bifurcation (Figure 4.9). The change
in flow distribution at Junejwala Minor before and after desilting show similar improvements
(Figure 4.10).
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Number of Days without Water

Before desilting, the number of days without water was a major concern. Because of the rotation
implemented at Bhagat Head between the different distributaries due to lack of water in Lower
Gugera Branch, Pir Mahal did not receive water for about 15 percent of the time. However, due
to excess withdrawals at the head, the lower portions of the canal received progressively less water,
reaching 45 percent at the bifurcation of Junejwala and the tail of Pir Mahal. Because of the second
rotation imposed at this location due to lack of adequate discharge, tail-end areas suffered even
more, with watercourses dry 67 percent of the time (Figure 4.11).

Figure 4.11. Number of days without water at different discharges, Pir Mahal, 1991,
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Following desilting, this picture changed dramatically. The number of days when water was
not delivered to Pir Mahal dropped to 2 percent, rising to 13 percent at the Junejwala bifurcation
(Figure 4.12). The improved discharges at the bifurcation meant that the rotation at that bifurcation
was no longer required, and tail-end arcas were deprived of water only for 33 percent of the time.
In other words, following desilting, the tail-end watercourses received water on twice as many
days as that before desilting.

Variability of Water Deliveries

Before desilting, the coefficient of variation (CV) of daily discharges over the three-month
observation period was 50 percent at the head of Pir Mahal. Upper-end outlets had a CV averaging
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Figure 4.14. Coefficient of Variation of Discharge, Pir Mahal watercourses, after desilting.
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the bifurcation, the CV increased but only reached 80 percent by the tail, thus halving the
uncertainty in daily water deliveries.

Costs

The total cost was Rs 1.1 million for 18,300 ha, a capital investment rate of Rs 60 (US$ 2.40) per
hectare of CCA. This level of expenditure is approximately 12 times less than that for lining, and
yet the benefits are far superior.

These results dramatically justify the massive campaign for desilting that occurred throughout
much of Punjab during the closure period of 1992. Tens of thousands of people, including
government servants, farmers and, particularly, school children, were mobilized for desilting;
massive publicity was given to these actions with political support form the highest levels.
Although the reality is that less silt was removed than advertized, there can be no doubt that based
on the Lagar and Pir Mahal experiences, water conditions must have improved dramatically,

OPERATIONAL MANAGEMENT AND THE EFFECT ON CANAL
PERFORMANCE

The performance of canals, particular those where most water control is achieved by passive water
division structures, depend heavily on the proper operation of the few control structures that exist.
It is clear that the benefits of either canal lining or desilting will occur only if there is effective
operational management.



.. In this:section, two particuiar aspects of .operational managet
_undertaken by the Irrigation Department, and those undertaken by’

‘canals. The combined action of both groups results in sub—optlmal canal
‘ thc physwal condmon of canals is satisfactory.

_j Operaﬁons by the Irrigation Department

The opetation of long canals with few gated structures should, in many .z
straightforward matter: canals were designed to run more or less at full desigidisch
at a time. This means that, in comparison to systems in the humid tropic
mfrastmcture, the managemcnt opportunities in Pakistan are limited i
- QOver the: years since the initial phase of construction of canais of
operating rulés and regulations have been developed by the Punjab
“application in the main and secondary portions of the canal system. A
facets of these? ‘tperating regulations are those dealmg with collection n
performance: ::

. Daily water levels at the head end of eve::y canal

Most scoondary and some minor canals have some facﬂlty for 1
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the topography in most locations does not provide sufficient &
enteted daily into the records at the Subdivision office and !a
Engineer.
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The ta:l end structure of v1rtually every secondary and
S u;;fy.tcatlon consisting of open flumes. Design rules call
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m‘ﬁf

Regulations call for the regular checking of water surface: ele
. structure to ensure that the actual water surface elevat;pq is with]
it dséign guidelines. These data are collected in the "H" Regl

. -Dkéharge calibration

. Perindical measurements of canal velocities-are: requir‘ed

. ~discharge tables for the head of every main and secondat
= apcurate. These velocity readings, whichare miended 1o

levels (actually not easy if canals are to be operated close to
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determined either by current meter or the use of floats, commonly in the form of velocity
rods.

These four pieces of information are sufficient to tell the system manager whether things are
operating more or less as intended. To oversimplify matters, the manager needs to know, on a daily
basis, that the discharge into the canal is within tolerance and that the tail has adequate water: if
both coaditions are true, then no action need be taken.

The periodic checking of water levels along the canal ensures that water levels are not higher
than the designed level either due to sedimentation or blocking of the canal by farmers. The inflow
discharge information is required to determine, in the event the tail is short of water, whether the
cause is inadequate discharge into the canal or some problem along the canal. It also ensures that
the water allocation into each canal is adhered to.

The final operating rule that is of direct relevance is that discharge into canals should never
drop below 70 percent of the designed discharge. This rule makes sound engineering sense: if
discharges fall below this level, it becomes impossible to maintain acceptable levels of equity
between head and tail of a canal that has no intermediate control structures. If discharges in main
canals are not sufficient to meet the 70 percent minimum requirement, then rotations have to be
implemented between secondary canals.

Observations made during the past six years merely confirm the worst case scenario:

*  Water data are no longer collected systematically at the head of every secondary: although
records exist for most canals, the data are not reliable and show increasing deviations
from reality. Further, even where data are collected, the canal telegraph system has more
or less collapsed and time lags in obtaining data at the managers office are increasing.

e There are hardly any locations where tail-gauge readings are now collected: the data that
do exist can be considered completely unreliable.

e No "H" Registers have been filled in since the 1960s: data are not collected.

¢ Thereis noevidence that any velocity readings have been taken by the Department (except
in connection with research components of special projects such as Command Water
Management, Irrigation System Rehabilitation Project, etc.).

* No set of velocity rods has ever been seen by any IIMI staff in any office, although
requests to see them are made as a matter of principle.

* Discharge rating curves are decades out-of-date, most are inaccurate at best, wrong at
worst.

The result of these conditions is obvious: system managers do not know what is going on in
their areas of responsibility. They clearly do not care about canal performance. The consequences
are, however, very serious. A singte example will demonstrate this.

From the very outset of [IMI's work, analyses using the daily observations from Lagar
Distributary showed that the canal was being operated for substantial periods well below the 70
percent limit, There is a clear relationship between the actual discharge into Pir Mahal (as a percent
of design discharge) and the inequity along the canal (Figures 4.15 and 4.16). Identical trends are
found in Khikhi and Lagar despite the very great differenca in their design discharges.
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Whenever canals are operated below the design limit, water conditions at tail-end outlets
deteriorate rapidly to the point where tail outlets dry up while upper-end outlets still receive
supplies close to the design discharges. These empirical observations were subsequently confirmed
through simulation analysis.

The data presented here appear to be representative: almost identical results have been
obtained from all canals studied under the TIMI program. This is hardly surprising because the
inequity measured can be calculated using hydraulic principles, which, after all, are the basis of
the design of the entire Indus Basin canal network. What was known 100 years ago has been
forgotten or just ignored.

It would be possible to describe at length the deficiencies in the actual operation of canals
observed over the past six years. It is perhaps easier merely to express it all along the following
lines:

The capacity to measure water in a canal system, particularly where water is the
scarce resource, is fundamental to irrigation. It is inconceivable that major
corporations would operate without knowledge about sales, markets, profits and
losses, but this is precisely what most irrigation agencies, including those in Pakistan,
are doing at the moment (Murray-Rust and Merrey 1992). They do not know how
much water they put into the system, they do not know where it goes within the
system, and they are care-less. To even imagine that irrigation departments respond
to agricultural performance when they cannot measure water is unrealistic.

Until this attitude changes, there is really little reason to believe that petformance will improve,
It matters little whether canals are lined or unlined, maintained or allowed to deteriorate, if there
is no capacity to operate the system and measure water. All evidence, albeit unscientific, suggests
that the rate of deterioration of repaired, rehabilitated, or even new canals is so rapid that any
performance improvements are bound to be short-lived.

In short, the issue is primarily an institutional one rather than a technical one. Although
technical competence may not be as high as might be desired now, any change there without an
improvement in the current institutional setting and attitudes is unlikely to result in any significant
benefits. At the same time, it is fair to say that irrigation agency staff are only half of the problem.
Farmers too contribute their fair share to undermining canal management.

Operations Along Secondary Canals

It remains conventional wisdom that once water has entered into a canal, distribution is controlled
by passive structures. Farmers have long been assumed to have only a capacity to manage water
within the watercourse although reports of illegal tampering of outlets have occurred for decades.
It is apparent that at more or less the same time the [rrigation Department began to lose control
over the secondary canal system, farmers started to have a more direct impact upon
distributary-level water distribution. Which came first is hard to tell, since there are records
available of water thefts and outlet tampering from the earliest days of canal operations.

What is clear is that the capacity to prosecute farmers who tamper with outlets or are engaged
in water theft has been lost now. Such activities can be done with little risk of prosecution because
agency staff will sell immunity and sanction illegal activities for various considerations, or
politicians and other influentials will provide protection. In these matters, of course, farmers
themselves are not necessarily any more altruistic than government officials, What is of research
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% interest to YIMI is to try to determine the relative magnitude of farmer mterferenoe i: sothpari
to the operational failings of the irrigation agency. e
-Field observations along many distributaries over several years have conﬁrmed“ ' ﬁom iate o

' February through April there is relatively litthe stress on the- canal” systésiin’ Padjab.
Evapotranspiration rates are fairly low, though slowly rising, and rainfall prospects af6 reaso able.

‘Wheat, the dominant winter crop, is approaching maturity and ripening ‘for ha glse'is
sufficiently mature not to require significant irrigation. The other important crop t7this'ting, -« -
various fodders, occupies a comparatively small percentage of the total cotintlind’ drea; Thus, .

 farmers in head-end watercourses do not need excessive amounts of water and thiere _ﬁoquent e
instances when one or more outlets are fully or partially closed for two or t!uee dﬁyﬁ oﬂen in :
fesponse torainfall.

Following this period of relative peace and harmony, from late May onwards observauons
along selected canals show a marked upsurge in interventions undertaken by farmers to appropriate
additional water in the upper two thirds of the channel, peaking in number froi lnié’ftﬂy to early
‘Septémber. These events include direct cuts, breaches; the instatlatioft’ of 5o

* sanctioned pipés, blocks in the distributary, siphons, and so forth: Paralle] field obseiva

. bottorn one third of these canals reveal a simultaneous "collapse of the thil," Whire
longer reaches the end of the distributary.” Once the rice crop has become: esta’bﬁﬁ
tequirements begin declining with reduced evapotranspiration demand toward Tate S

“frequency of stich-interventions also decreases. IIMI's initial analyses ofﬂiese%ﬁﬁdiﬁons were
mainly subjective, providing further anecdotal evidence of distributary hiead- il ifferénces. :

What was required was a more careful and incontrovertible analysis. of the location, magmtude T
and timing of the effects of such interventions. A promising methodology has bee Veloped that
permits expected discharges to be calculated for all measurement points along a 5
based on the discharge at the distributary head and other key upstream local:on§ as may he'réq i
This methodology relies on the use of runiing averages, required to smooth  the varial
introduced by discharge fluctuations in main canals and to eliminate the effects o :

. time along canals, and regression techniques. The resulting analysns follows a some hatdiffq;ent .
_approach to those previously undertaken in the IIMI-Pakistan program beca ble 0
relate measured performance at selected locations with predicted values. o

" During the quiescent March-April period, when canal hydraulic conditions’ are 85 free of -
external interventions as they ever are, running averages of discharges into canals and no sefected i
watercourse outlets along the canal are calculated.® The resulting values are converted to delivery -
performance ratios (DPRs) to permit locational comparisons. The entire set of daily DPR values
for a watercourse for this period are then regressed against the correspondmg set of mdependent -
distributary-head values. The correlation coefficients of these compansoné‘ éveh* —
head-end and tail-end discharges along longer canals, are remarkable high, rarely’ fallmg below‘_ '
~ the r-squared value of 0.8, and almost inevitably s:gmﬁcant at the 1 percent-level-c- -0 -
Assuming the relationship as hydraulically valid, it is then possible to usetherogression results o
to calculate the DPR for each watercourse for the rest of the year if external/iftérventions to. -
appropriate water from the canal remain at the March-April minimum. These predlcted*values then”
can be compared directly with actual DPRs calculated from daily field measurements. The results
of these analyses are briefly summarized below for one year, 1990, for. one. canal, Mananwala -
distributary, in Faroogabad Subdivision, Upper Gugera Division, of: the LCCisys ?Slmﬁm' '

7 It has been officially acknowledgcd during the past year that 40 percent of all seoondary camls ln
“three blind mice,” "lost their tails."” :

8 A ﬁﬂeen-day running average (seven days before and seven days after the date of observaaon) was _eund to swc the
most satisfactory results.
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results have been obtained for other years and for other distributaries, strongly implying that the
findings describe here are not merely an example of a special case.

The results obtained by this approach demonstrate the near catastrophic impact of upstream
water theft, whether or not "sanctioned,” on tail-end water conditions in Mananwala distributary.

MANANWALA DISTRIBUTARY:
INTERVYENTIONS AND PERFORMANCE

s  The head-end watercourses do not reflect the just inflow pattern at the distributary head;
their DPR values clearly show a substantial and systematic increase in water deliveries
into head-end outlets. Such changes in DPR cannot be explained solely by hydraulics; it
also involves deliberate enlargement of offtakes through several means and/or the partial
blocking of the distributary. The variety of head-end interventions in Mananwala
command have now been well documented over a several-year period (Figure 4.17).

s Middle-reach watercourses, as well as those at the upper end of the canal tail reach, appear
to pretty much hold their own with interventions here largely compensating for the
impacts of those upstream. Field data indicate that various interventions between
watercourse outlets here are numerous during the peak water theft period,
July—September, but their effects on outlet DPRs are not really experienced here (Figures
4.18 and 4.19).

Figure 4.17. Mananwala Distributary performance, Outlet 23R: Actual and predicted DPRs.
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Figure 4.20. Mananwala Distributary performance, Outlet 148TR: Actual and predicted DPRs.
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In some respects, it is amazing that tail-end farmers do not protest more strongly than they
currently do. Everybody knows that water theft goes on, either independently or in connivance
with irrigation agency staff. Reclamation and “Grow More Food" shoots, kharif season outlets that
can be legally sanctioned only when it is certain that their discharges will not reduce water supplies
at the tail, are sold to high bidders and other influentials by the Irrigation Department at the explicit
expernse of tail-end farmers.

ECONOMIC EVALUATION

Perhaps the most dramatic analysis of the results is that relating to the economic benefits of the
different approaches. The cost of each intervention is presented in Table 4.4: the benefits have
been calculated on the percentage improvement of the Interquartile Ratio following the
intervention. The poor performance of lining is obvious, with a negative rate of return. For the two
desilting interventions, the results suggest that minor desilting at frequent intervals may be the
most efficient solution but this conclusion requires data on the return period of less intense desilting
in comparison to more extensive but less frequent desilting.

The choice between different interventions depends on both hydrauvlic performance
improvements and the cost of the intervention. Data exist for each intervention that allow an
economic evaluation to be made, using an assumed interest rate of 10 percent.
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Table 4.4. Comparative costs of different interventions.

Interquartile Cost Change in IQR
Ratio (IQR)

Canal Activity Before | After |US$’000| $/Mha % %/$/ha
Khikhi Tail-end lining 0.82 1.55 1,250 3733 - 57 -1.5
Pir Mahal | Major desilting 6.11 2.59 42 2.40 +144 +60
Lagar Minor desilting 420 1.29 3.6 0.52 +225 +433

Focused Desilting in Lagar Distributary cost US$3,600, an average investment of US$0.52/ha.
Incomplete observations suggest that the silt excavated was equivalent to three-years accumulation
(Murray-Rust et al. 1993). The net annual cost is therefore US$0.21/ha. For Pir Mahal, the total
cost of the major desilting was US$42,000, or US$2.54/ha. This is equivalent to US$0.40/ha if the
benefit of such an activity is 10 years, or US$0.33 if the benefits last as long as 15 years.

For the lining at Khikhi, the total cost was US$1,250,000, or US$37.73/ha. If, in line with
normal project assumptions, the lining were to last 30 years, the net annual cost would be US$4.00,
roughly 20 times more expensive per ha than the focused desilting at Lagar and ten times more
expensive than major desilting at Pir Mahal.

There are no accurate data available on either the rate of sedimentation in secondary canals
or the relative life length of each type of intervention studied. Annual monitoring of conditions
continues in order to quantify more precisely the assumptions made in this paper. If the focused
desilting at Lagar were required annually, then it would cost the same to desilt Pir Mahal every 6
years. Lining, as undertaken at Khikhi, would be eight ties again as expensive, if it had a life
length of 30 years. '

Field observations of the lined sections of canal in Lagar and Khikhi suggest that life lengths
are far less than 30 years. In both cases, a decision was made to go for a relatively inexpensive
lining consisting of a single brick surface on both beds and banks covered by a thin cement plaster
coat. This type of construction is susceptible to back pressure, collapse and damage by both animals
and agricultural equipment. A more durable lining is inevitably more expensive; however, given
the results of this study, it would not appear to be warranted.

It is also televant to note that the lining process in both Lagar and Khikhi lacked rigorous
quality control, resulting in a substandard lining because of substantial wasted expenditures on
labor and materials. Furthermore, extensive tampering with outlets in both lined and unlined
sections of Khikhi was tolerated so that many watercourses now receive more than their design

discharge.

CONCLUSIONS

Several conclusions have been drawn in the main text of this paper and will only be referred to
here in summary.
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Improving Performance

There are three components of any effort to improve performance in the secondary canal system
in Pakistan: physical upgrading, effective maintenance and focused operations. The results of this
study strongly suggest the following:

¢ Lining of the tail ends of canals fails to lead to any noticeable improvement in canal
performance, and cannot be seriously considered as a development strategy.

s Lining of upper portions of canals is likely to prove more effective, but only where
sedimentation is not going to recur within a time frame dictated by the economics of the
lining program. No data exist on rates of sedimentation in lined canals; they need to be
collected.

s There is no evidence that brick and mortar lining leads to significant savings in water
along canals. Savings are low due to leakage or due to water theft along canals exceeding
any potential savings.

¢ It is possible to calibrate computer models of the hydraulics along secondary canals
relatively quickly and easily, and use these models to identify locations which should be
given priority in maintenance using the limited resources available.

*  The benefits of maintenance and periodic heavy desilting appear to far outweigh lining,
both in terms of hydraulic performance and in terms of cost-effectiveness.

s Operational discipline is essential irrespective of canal conditions: failure to observe basic
design principles will inevitably lead to reduced canal performance.

¢  The institutional capacity to operate canals according to design guidelines is inadequate:
routine data collection has broken down, and the data collected is virtually useless due to
inaccuracies.

e The ideal combination of activities for improving canal performance is likely to be the
maintenance of canals coupled with disciplined operations: physical interventions such
as lining should only be resorted to when there is clear evidence of specific technical
conditions that will be guaranteed to be overcome by physical changes to the canal system.

s  Changes in the institutional setting are a precondition for changes in canal performance.
It is impossible to imagine that any technical improvements, adoption of new methods
such as computer modelling, etc., have any chance of becoming part of regular activities
within the settings provided by irrigation agencies in Pakistan.

Research Implications

The results presented in this report, together with other research activities referred to herein,
represent the culmination of a long-term program. While it is true that at various times within the
life length of these activities there were specific projects that received external support, there has
been a consistent and common thread throughout. This contrasts distinctly with the conditions that
have occurred in project-dominated activities: sites change sufficiently frequently that no
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long-term records are built up, data collection programs in different sites are ‘different. and
comparisons extremely hard to make.

This common thread enables the following conditions to be met and achlevements
accomplished:

e  The capacity to measure the same parameters in the same location over a sufficnently long
time frame to make sure that results are consistent and representatlve

»  The capacity to measure precisely the same parameters in other locations under the same
conditions to facilitate comparison between locations. .

o The capacity to be able to return to documented and stable locatmns to- makc repeat
measurements after extended periods of absence.

o  The capacity to review results periodically with the same researchers irrespective of
whether they are based in Pakistan or not, and thus design the next stage of the program
in a coordinated fashion.

+ A coordinated and systematic data retrieval and storage program that enables access to
past data sets by researchers other than those who originally designed or collected the
data.

* A significant element of this research program is that there is an ever-increasing capacity
to accurately predict the consequences of interventions. There is always a place for
action-research programs that foster an intervention and then record the results; there is
also a place for somewhat more classical scientific research that can effectively predict
results.

e Because results are consistent, because the research methodology is consistent, and
because the objectives are consistent, it becomes possible to slowly but surely get the
message across. It is inconceivable that the recognition of "missing tails” would have
occurred as the result of several projects spread over the same time period using the same
resources (after all, USAID had spent millions of dollars for research on irrigation, and
there had been no change institutionally except an increased desire to get even more
resources).

Policy Implications

The policy implications of this study are clear. Lining of canals carried out in the manner observed
in Khikhi would be a complete waste of resources. As it is, the Punjab Irrigation Department has
proposed borrowing US$1.0 billion to undertake the lining of canals as part of the Provincial Water
Sharing Accord. The Khikhi experience was a failure for three primary reasoris: lining was almost
certainly carried out in the wrong location, the quality of construction was very poor with large
amounts of money disappearing during construction, and there was active and passive connivance
in modifying the size of outlets during lining at the expense of tail-end farmers.

If each of these three conditions could be significantly improved (i.e., lining of upper réaches
first, good quality construction with minimal financial leakage, and strict prohibition of tampering
of outlets by farmers and agency staff alike) then there is probably a good case for lining. Data
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from the Indian Punjab (Upton and Chancellor-Weale 1988) suggests that lining does not result
in significant improvements unless groundwater is already saline:

“The general conclusion that must be drawn is that further expenditure on canal and
watercourse lining in the Indian Punjab would be difficult to justify in economic terms.

Watercourse lining over 75% or more of the length does not appear to yield an economic
teturn ....... No attempt was made to estimate the returns to lining a small proportion of
the length, say 30%, but it seems doubtful whether even this level of lining could be
justified economically.”

The alternative is to reestablish a proper program of desilting with work focused on areas
where performance is least satisfactory. This requires two conditions: sufficient data on actual
performance to identify locations where conditions are particularly bad, and a capacity to determine
the appropriate intensity of desilting to achieve an acceptable level of performance. Both these
conditions could be met if the institutional will is rejuvenated. The collection of performance data
(tail-gauge readings and "H" Registers) has lapsed; the computer model developed by IIMI allows
desilting impacts to be assessed prior to actual intervention. These would form a substantial
element of a Decision Support Package for irrigation managers but to date institutional interest is
marked more by reluctance or apathy than active interest.

The same is true for operational improvements. Much of the water theft observed is
institutionalized by the sanctioning of additional pipes in blatant contravention of the stipulation
that such pipes can only be installed if tail-end farmers do not lose access to their water.

One thing is sure, however. The present management of the canat system in Pakistan is leading
to rapid decline in irrigation infrastructure and contributing to the rapid increase in secondary
salinization in areas where surface water supplies are inadequate (Kijne and Vander Velde 1991 ;
Kijne and Vander Velde 1992; Vander Velde and Johnson 1992; Murray-Rust and Vander Velde
1992). If policymakers at the highest levels of government and the senior members of the provincial
irrigation departments do not act to improve matters, then there is a very distinct possibility of a
rapid and irreversible collapse of a highly productive irrigated agricuitural system.
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CHAPTER 5

Performance Impacts
of Management Transfer in the Columbia
River Basin Projects

Mark Svendsen and Douglas Vermillion'®

INTRODUCTION

CURRENTLY THERE IS keen interest in many developing countries in transferring responsibility for
operating large, publicly constructed irrigation systems to the farmer-beneficiaries of the system.
The reasons for this interest vary from country to country, but at its root are the high and
unrecovered cost of operating and maintaining large, public itrigation systems and the perception
that management can be made more efficient, effective, and sustainable by involving farmers
directly in the management of the schemes.

While attracted by the promised benefits, policymakers and agency directors formulating
irrigation policies are concerned about the outcomes and wider impacts of such transfers, their
institutional and financial sustainability, and the actions required of government teo facilitate the
transfer process and to support and sustain the new managing organizations. Governments are also
concerned with the fate of irrigation agency staff whose jobs are eliminated with possible new
roles for their irrigation agencies following the change.

In some countries such as the Philippines and Chile (Korten and Siy 1989), the process of
devolution of responsibility to farmers has moved forward deliberately and methodically over a
period of years with considerable success. Other countries are pushing rapidly ahead with transfer
policies and programs, sometimes with little appreciation of the difficulties involved and little
awareness of experience which has been gained in other settings. The overall purpose of this paper
is to document the largely successful experience of a more developed country with this process
and to explore its implications for others following this path.

The Unaited States has had a policy mandating the transfer of managerial responsibility for
publicly developed irrigation to users for almost 100 years, As a result, considerable experience
with the process is available. This study of irrigation management transfer in the Columbia Basin
Project (CBP) in Washington State, USA provides insights into a number of issues of concern to
developing-country policymakers and managers and finds greater similarity of issues and
responses in the two settings than might be expected. Since management transfer in the CBP
occurred in 1969, sufficient time has elapsed for longer-term impacts to become evident, while the
transfer process is still recent enough to be examined through interviews with participants. In
addition, excellent hydrologic and financial data are available both before and after the transfer,
facilitating quantitative analysis of impacts.

9 This is a preliminary report on the research study. A comprehensive, revised report is to be published separately.

10 The authors wish to thank Bernd Maier of Washington State University for his very capable help in assembling secondary
data for this study and Martha Sullins of IFPRI for assistance in data analysis.
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In discussing the study of this process, Vermillion (1991) poses four broad generic questions
regarding management transfer: 1) What are the impacts of transfer on the hydrologic, agricultural
and economic performance of irrigation systems? 2) What key legal, policy, infrastructural, or
institutional issues must be addressed to support successful management transfer? 3) What kinds
of reorientation of agencies and farmers are needed to support turnover? 4) What kmds of turnover
processes and self-management models work best in different environments?

The present study approaches the topic with these questions in mind. Tt is concerned both with
the transfer process and with the results of the transfer and addresses the following specific
questions: What forces acted on both government and farmers to compel a negotiated transfer of
responsibility? What factors seemed most important in the success of negotiation and transfer?
What were the impacts of the transfer of management responsibility on system hydrologic
performance, hydrologic efficiency, agricultural performance, financial efficiency. and
sustainability? And, finally, what lessons can be drawn from this experience to guide and benefit
others?

COLUMBIA BASIN IRRIGATION PROJECT

History''

Efforts at developing irrigated agriculture in the Columbia Basin of Washington State go back to
the turn of the century, when numerous attempts at irrigation development were made by
companies, private individuals, and cooperatives. As experience with these early, largely
unsuccessful experiments with private development began to accumulate, the public sector became
more directly involved.!? The project was finally approved by the newly elected President Franklin
Roosevelt and was included in the new Public Works Administration program the following year.
The first surveying stakes for the axis of the dam were driven on 9 September 1933. _

The centerpiece of the CBP is the Grand Coulee Dam which blocks the Columbia, the fourth
largest river on the North American continent, forming the Franklin D. Roosevelt (FDR) Lake, a
reservoir extending 151 miles (244 kilometers [km]) upstream to the Canadian border. The CBP
was designed as a multipurpose project for irrigation, power generation, navigation, ﬂood control,
and stream flow regulation (Infanger 1974), with recreation and wildlife conservation becoming
increasingly important objectives in fater years.

In 1951, the first test water flowed toward Columbia Basin farmland (USDI 1978). Over the
next 16 years, the area irrigated by the project increased steadily at a rate of about 25,000 acres
(10,000 hectares) per year, reaching a total of 448,000 acres (181,000 hectares) in 1967 (Figure
5.1). Since then growth has continued, but at a much slower pace, and in 1989 the project irrigated
approximately 570,000 acres (231,000 ha). _

As of 1986, US$1.687 billion had been spent on construction of the Columbia Basin Project,
including the dam, irrigation facilities, and the 6,500 megawatt Grand Coulee hydroelectric power
plant complex. Eighty-eight percent of the total construction cost is to be paid for by power
revenues, with interest, while 12 percent will be repaid by irrigation fees, without interest.

11 This discussion is based largely on material contained in U. 8. Department of the Interiot, Bm_‘eau of Reclamation (1978).

12 According to the Pacific Northwest River Basins Commission (1971), 70 percent of the irrigation development in the
region was initiated by individuals, cooperatives, and agencies other than the Federal Government, although a major
portion of the irrigated area did receive some federal support.
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Figure 5.1. Area irrigated (acres), CBP, 1953-89.
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Source: Water Distribution Reports for the CBP, U.S. Bureau of Reclamation.

Water allocated to irrigation does not contribute to power generation as it is withdrawn from
the reservoir and lifted 280 feet (85 meters) to the top of the escarpment bordering the reservoir
without passing through the turbines to the river below. This means that there is no direct
competition between releases for power generation and irrigation demands, as the two can operate
largely independently.

Physical Environment

Location. The CBP lies in the east central portion of Washington State, in the United States of
America, at about 47 degrees north latitude (Figure 5.2). The elevation of the command area varies
from 1,400 feet (430 meters) in the upper end of the scheme to about 500 feet (150 meters) in the
lower end. The service area begins 45 miles (75 kilometers) south and slightly west of Grand
Coulee Dam, spanning about 80 miles (130 kilometers) in a north/south direction and roughly 50
miles (80 kilometers) east to west (Figure 5.3). About half of this area is classed as trrigable, the
remainder being rough and unsuitable for irrigation. Irrigated areas are thus separated by
uncultivated lands and spread out over a large area.

Climate. The climate in the Columbia Basin is an arid continental type; hot in summer, cold in
winter, and extremely dry. The warmest month, August, has an average maximum temperature of
86.4 degrees F (30.2 degrees C) and an average minimum temperature of 52.6 degrees F (11.4
degrees C), while the coldest month, December, has an average daily minimum temperature of



116

Figure 5.2. Columbia Basin Project in Washington State, US.A.
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23.6 degrees F (—4.7 degrees C) and a maximum of 37.6 degrees F (3.1 degrees C). Average
monthly maximum and minimum temperatures are shown in Table 5.1

Located in the rain shadow of the Cascade Mountains, precipitation ranges from 6 inches (150
millimeters) in the southwestern part of the service area to around 10 inches (250 millimeters) in
the northeastern highlands. Average monthly precipitation data for the center of the command area
are shown in Table 5.1. It is noted that the amount of rainfall received during the irrigation season,
which extends from March to October is extremely small, comprising 3.65 inches (93 millimeters)
or 56 percent of the annual total. Minimum values for the year are recorded for the months of July
and August — the heart of the growing season — when temperatures are at their maximum values
for the year.

Potential evapotranspiration (PET), by contrast, totals 37.09 inches (942 millimeters) for the
year, with 93 percent of the annual total occurring during the March-October period. The result is
that rainfall supplies just 9.3 percent of the growing season PET requitrement in the Basin, and only
2 or 3 percent of the requirement during the peak demand months of July and August. Rainfall is
thus a relatively minor factor in meeting crop water requirements.

Relief. As noted above, the project area drops 900 feet (275 meters) from the upper end to the
lower, a fall of about 11 feet per mile (2.1 meters per kilometer), or an average slope of about 0.2
percent. This relatively large gradient has several implications for the design and operation of the
system. First, it allows the easy inclusion of free-flowing water measurement structures in the
design, as the head loss they cause does not create design difficuities. Second, it provides ample
opportunipy for reusing drainage water. In fact, the southernmost district of the three districts
making up the system is supplied largely by recaptured drainage water from 'the two higher

e



Figure 5.3. Columbia Basin Project.
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elevation districts. Third, it results in the need for drop structures in the major canals, providing
opportunity for profitable small-scale hydropower generation within the project.

Irrigation Water Supply, Delivery, and Application

Water Rights and Withdrawals. The granting of water rights in the United States is a state
responsibility. Permits and certificates conferring rights for the CBP are issued by the Washington
State Department of Ecology and are held by the United States Bureau of Reclamation (USBR).
Water rights are extended to the irrigation districts through repayment contracts between USBR
and the districts. Farmers are linked to these rights at the district level through membership in the
district and through ownership of land in the district service area, as recorded on land plats.

Since 1985, when the irrigated area stabilized at around 560,000 acres (227,000 hectares),
withdrawals have been running about 2.6 million acre-feet (3.2 billion cubic meters) annually, Just
under the quantity allowed by the certificate of right. These withdrawals comprise just 3.3 percent
of the 80 million acre-feet of water which flows down the Columbia past this point each year.

Physical Facilities. The irrigation system serving the CBP can be divided into a supply system, a
conveyance and delivery system, and, at the farm level, a distribution and application system. Each
component has both physical and management components. A brief description of project physical
works is provided below.

The supply system comprises the Grand Coulee Dam and the FDR Lake behind it (Figure
5.3) operated by the Bureau of Reclamation. Twelve large pumps lift water 280 feet (85 meters)
to the top of the escarpment bordering the river channel. The conveyance and delivery system
comprises a short (1.6-mile) feeder canal, a second small balancing reservoir, and a second length
of main canal which conveys water some 21 miles to a bifurcation point where the main canal
divides into the 88-mile long West Canal, serving Quincy Irrigation District, and the 87-mile long
East Low Canal, which serves principally the East Irrigation. District. Below the bifurcation, the
tespective irrigation districts assume responsibility. Districts handle distribution of water to
individual farmers from their primary canals and a network of branch canals and laterals totalling
2,026 miles (3,268 kilometers}) in length across all three districts.

In the center of the project area is a 511,700 acre-foot reservoir'? which captures some natural
drainage, but its principal source is return-flow and drainage water from the surrounding irrigated
area, which comprise about 70 percent of annual withdrawals from the reservoir. The third district
in the CBP, the South Irrigation District, receives the bulk of its water supply from this reservoir.

Once water is delivered to the farm turnout, it is typically carried in an earthen channel to a
sump where it is pumped into a sprinkler system or led to furrows for surface application. In 1959,
the first year for which data are available, about three quarters of the system’s irrigated area was
surface irrigated. By 1989 two thirds of the area was under sprinkler irrigation and only one third
remained surface irrigated. Figure 5.4 shows the rate of sprinkler adoption in the three districts.

Water Management Procedures

The basic water management procedures used by the Bureau have been continued by the districts
after management transfer. The scheduling process used in the project is referred to by local

13 Active storage is 332,200 acre-feet (409.8 million cubic meters).
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Figure 5.4. Growth of sprinkler irrigation, CBP, 1960-89.
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engineers as a “modified demand system.”'* Deliveries are based on requests from users, subject
to scheduling and supply constraints. Crop water requirements are not calculated by the districts,
but individual farmers may base their water requests on their own scheduling calcilations, those

of a commercial irrigation scheduling service, or their own experience. Farmers may request -

deliveries up to the limit of their basic and supplemental allotments at the normial charging rate:
Farmers may also order additional “excess” water at a higher rate. R

To order water, a farmer leaves a four-by-five inch “water request” card at his turnout, with
information on the delivery rate, start time, and duration of the water order. Ditch riders report all
orders to the watermaster by 4:00 PM each day and the watermaster “calls in™ with the orders to
the district office immediately thereafter, By 4:30 PM the district office calls the Bureau project
office and the project adjusts the gates in the main system so that adequate water will be available
on the following day to fill orders. Main system gates are adjusted remotely. The morning
following receipt of new delivery orders, ditch riders adjust lateral gates and turnoutsto make their
deliveries. There are roughly 100 to 120 farm turnouts per ditch rider and five to ten ditch riders
per watermaster, depending on the distance which must be traveled. ‘Watermaster sections are
roughly 50,000 to 60,000 acres {20,000 to 24,000 hectares) in extent. )

Maintenance work is now planned and executed by the districts and reported to the Bureau.
No O&M manuals are used by the Bureau or the districts. New staff are trained on an apprenticeship
basis working with senior watermasters and ditch riders. o

No water is delivered to a farmer for a new cultivation season until he pays the base water
charge to his district. Supplemental and extra water charges may be paid during the season but
must be paid off prior to the following irrigation season. Fees are charged by the acre (not by the

14 This system is sometimes called an arranged demand system in the irrigation literature,
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acre-foot) so farmers pay the same base rate regardless of the land class, though they receive
different amounts of water as their base altotment. Monthly water and financial statements for each
farm are kept by the district.

Settlement Patterns and Policies

In the 1920s, just pricr to construction of the Grand Coulee Dam, 50 percent of the land in the
Columbia Basin was privately owned by early settters and homesteaders. Most of the active
farmland was used for dryland wheat production but there were large tracts of fallow farmland and
sagebrush as well.

With the development of the irrigation project, a land ceiling was imposed limiting farm units
to between 10 and 160 acres (4.0 and 64.7 hectares) depending on land quality and topography.
The intention was to settle large numbers of new farmer families on the land to be subdivided and
irrigated. Subsequently, the settlement goals of the project shifted toward providing fewer but more
productive farms and offering settlement opportunities for veterans of Worid War II. Those which
did settle in the Columbia Basin Project were generally well-educated, experienced in farming,
above-average in wealth, and commercially oriented. They were farmers by choice in a booming
postwar economy, a far cry from the earlier depression-era concept of masses of “buckboard
pioneers” who would rush in to seitle project lands.

Despite their typical independence, Columbia Basin farmers are accustomed to being involved
in a variety of social institutions, such as soil and water conservation districts, weed control
districts, volunteer fire departments, 4-H Clubs,!* and civic associations of various sorts. Local
government units and county planning commissions developed rapidly during settlement. Among
farm families, there was a strong tradition of group action to provide collective goods, such as fire
protection, providing a solid base of experience for the organization and operation of irrigation
districts later on.

In contrast to the situation of increasingly fragmented landholdings which is common in
developing countries, farm sizes in the Columbia Basin have increased over time. Average farm
sizes today are in the range of 160 to 240 acres (64.7 to 97 hectares). Roughly 60 percent of farm
units are operated by owners and 40 percent by renters,

Agriculture

Since the inception of the project in the early 1950s, four major types of crops have comprised at
least 75 percent of the total irrigated area in the Columbia Basin and have contributed 70 percent
of the total returns to crop production in the area {see Table 5.2). These crop groups include
potatoes, vegetables (for processing and fresh-market sales), hay and silage, and grains (wheat,
barley, cereals and feed grain). In addition, fruit crops though representing only 6 percent of the
total irrigated area provided 20 percent of total returns in 1985. Irrigated pastureland has
consistently remained between 2 percent and 5 percent of total irrigated area since 1955,
contributing less than 2 percent to total crop returns.

The cropping pattern across the CBP is clearly complex with a mixture of both high-value
and low-value crops. Within this overall pattern, most farmers practice a multi-year rotation on
their own farms. Profitability drives the farmers’ choice in crop decistons, and cropping-pattern

15 Clubs for rural youth which teach farm-related skills.
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shifts have resulted in steadily rising total value of output in all the three CBP districts as shown
in Figure 5.5.' For the system as a whole, annual gross value of output per acre more than doubled,
in real terms, between 1960 and 1989, from US$356 to US$828 (1982 prices). This suggests,
overall, a system which adapts well to changing external conditions and supports the notion that,
at least in a financial sense, the system is sustainable,

Figure 5.5. Average value of total crop production per acre, Columbia Basin Project (CBP),
196089 (3-year moving average in constani 1982 prices).
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Sources: Crop Production Reports for CBP, U.S. Bureau of Reclamation; Economic Report of the President, President of
the United States (Washington, D.C.: U.S5. Government Printing Office, 1991).

Note:  Prices adjusted by index of prices received by farmers in the U.S.A.

IRRIGATION INSTITUTIONS

U.S. Bureau of Reclamation

The U.S. Bureau of Reclamation {USBR) was established by the Reclamation Act of 1902 and
charged with the mission of “reclaiming” the arid lands of the western United States for farming
through the provision of irrigation. The Bureau was originally conceived as a construction and
development agency and had an ambitious agenda for the design and construction of large dams,
river basin projects, and irrigation systems. Because of the policy objective of settling barren and
sparsely populated land in the West, costs for these expensive projects were primarily borne by
federal taxpayers and by hydroelectricity revenues. Typically, farmers were given 50 years to repay

16 The sharp temporary increase peaking in 1974 is probably due to the spike in world wheat prices which occurred in that
year.
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Irrigation district management is a well-established career path in the American West and positions
are announced in various publications.

Figure 5.6 shows the organizational set-up of the Quincy District and Figure 5.7 that of the
other two districts, East District and South District. A district has two main divisions, an O&M
Division and an Administrative Service Division. The O&M Division is run by the General
Manager and is staffed by watermasters, ditch riders, and other supporting positions. The
Administrative Service Division handles budgeting, accounts, data processing, personnel records,
inventory control and miscellaneous customer services to farmers, such as providing information
or assistance with forms and regulations. Since districts are legally established by the state
government, the state requires that their books be audited annually. The auditors are independent
certified public accountants.

Figure 5.6. Organizational structure of Quincy District, Columbia Basin Project.
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Relationship between the Bureau and the Districts

Relations between the USBR and the irrigation districts are defined by public law and through
negotiations leading to legally binding contracts and agreements. Because of the size, wealth and
political influence of irrigation districts in the American West, the Bureau and districts generally
relate to each other as political equals, regularly negotiate solutions to problematic issues, and
periodically sue one another when agreement is not reached. This contrasts sharply with the
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Figure 5.7. Organizational Structure of East and South Districts, Columbiz
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situation in many developing countries, where the irrigation agency is clearly inasy
- fo irrigators’ associations. The official relationship between the Bureau anid ap irrige
“is established by a “repayment contract,” which is an obligation attachied tosirtigab:

" within the district, and associated landowners, regardless of whether or not
_is used by the individual. s
' A common situation in developing countries is for governments to-attem)

" to take on responsibility for managing all or parts of irrigation systems, eyen‘thoug
" teceive concomitant authority for making necessary decisions. Governments fi

groups of farmers into formal water users’ organizations, after which e
" to them according to terms set by the government. In the Columbia Basi r 3
“ little of this type of consciousness-raising and inducement of farmer participation. This would
- seem to stem from the fact that farmers were already experienced in egtublishiin iBnaging
* local organizations for other purposes, were on an equivalent legal and political footing with th
* Bureav, and were already paying for O&M services and thus had ‘an incentive to assum
management responsibility to keep down the costs of O&M and make: mahagement more:’
““customer-oriented.” The result is a trio of strong and well-organized distric| ave thei
" own legal representation, capable of exerting considerable political'pi a5
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MANAGEMENT TRANSFER

Motivation for Transfer

Farmer perspectives. Since their creation, the districts knew that responsibility for O&M would
eventually fall on them. So the districts were interested not in trying to prevent management
transfer, which they knew was inevitable, but in trying to get the best terms possible. According
to district officers and lawyers, the farmers’ primary interests were in obtaining more local control
over water allocation, water fee structures, O&M expenditures, and drai nageways and minimizing
water charges.

The following are quotes from a letter to the US Department of the Interior written in 1964
by a farmer leader in the project (not without some hyperbole, perhaps):

“We out here on the project feel that the most of the Bureau employees... are only
interested in having a permanent job.... They get their paychecks from the government,
but we pay the bill. They should be working for us.”

“...most of the Bureau people are just interested in going by the book and gelting a regular
paycheck. The last thing they think about is how what they're doing affects the farmer.”

“We don’t want the Bureau spending our O&M money either, just to get things the way
they want them — if the turnout is too low — and lots of them are — then they should be
fixed with construction money.”

“Mostly, we want to run our own show, to live with our own mistakes, and not repeat
them, and profit by our own actions.”

One clear theme in these statements and in the views of farmers is the assertion of the right
to local control over a resource for which they are paying, with the underlying assumption that
local management would be both cheaper and more responsive.

Bureau perspectives. A response to the above letter from a representative of the U.S. Department
of the Interior contained the following statements:

“We would like to reiterate...that the policy of this Department, with the full support of
the Congress, has been to maximize local operation and maintenance of federally
constructed irrigation facilities....the success of this policy can be assured only if all
parties concerned agree on terms and conditions under which the operation and
maintenance is to be transferred, and these terms and conditions must be such that the
interests of both the United States and the water users are protected.”

“...the Commissioner of Reclamation...assures me that he is anxious to work out terms
and conditions under which the operation and maintenance can be transferred.”

A clear theme implicit in the above statements is the government’s acknowledgement that the
districts should take over management and its fundamental acceptance of a process of negotiation
with the districts as a means for evolving a workable relationship between the two. The farmers
didn’t like the “'red tape” of government management and the Bureau didn’t want the headaches
of dealing with thousands of individual farmers.
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District Responsibilities

Districts must comply with the agreed construction repayment schedule, which includes
partial repayment for drainage construction.

Districts are responsible for all operations and maintenance for facilities used individually
and jointly by the districts, in accordance with Bureau standards of performance and
financial viability.

Districts are responsible for paying their mutually agreed proportions of the recurrent
costs of special “reserved works” which were retained for management by the Bureau.

Districts are responsible for making annual payments into a capital replacement reserve
fund at a rate equal to 30 percent of five-year average annual O&M costs. They must
eventually replace deteriorated facilities with this fund.

Districts must report maintenance plans annually, in advance, to the Burcau.

Bureau Rights

The Bureau has the right to resume direct management of the system if the districts failed
to make their construction repayments, pay for the O&M of reserved works, or properly
maintain the system.

Bureau staff affected by the management change would be transferred either to other
Bureau projects (as was the case with most construction staff) or to the districts themselves
(as was the case with most O&M staff). Most of the initially employed district
management staff were former Bureau, CBP employees.

Salaries and benefits of transferred bureau staff members such as ditch riders and
watermasters remained at the levels prevailing before transfer. Federal retirement plans
for transferred staff were cashed in or suspended and new district retirement plans were
started, although without seniority.

Bureau Responsibilities

The Bureau has responsibility to manage the "reserved works" which serve the entire
project. These included the Grand Coulee Pumping Plant, Banks Lake, the Main Canal,
and Potholes Reservoir.

The Bureau conducts operation and maintenance reviews (or "examinations") every three
years to audit Q&M performance standards of the districts and make recommendations
for improvements.

The Bureau retains ownership of the facilities operated by the districts at least until
completion of repayment or replacement of facilities by the districts. However, under
current law, wholesale transfer of ownership of system facilities to the districts would
require an act of Congress. The districts favor the retention of legal title for facilities by
the Bureau, since they believe this protects them from certain legal liabilities.
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construction repayment requirement. A second class of interruptible contracts does not guarantee

water delivery and the fee includes only a partial O&M assessment.

Table 5.3 Number of Bureau of Reclamation staff assigned to the Columbia Basin Project, by
division, 19611985,

Year Power Irrigation and | Engineering Adminis- Project Fuil-time,
Land and tration Management | Regular Total
Construction
1961 329 277 119 85 7 817
1962 824
1963 316 300 133 83 7 839
1964
1965 273 300 159 82 10 824
1966 829
1967° 295 309 160 75 H 850
1968 299 30 163 67 11 841
1969 297 103 150 53 9 612
1970 0 92 121 27 7 247
1971 0 92 98 23 8 22}
1972 0 89 N 19 9 108
1973 Q 28 147 21 8 204
1974 0 28 132 21 ) 188
1975 0 28 136 22 7 193
1976 0 28 112 21 8 169
1977 0 26 114 20 8 168
1978 0
1979 0 24 55 18 4 101
1980 0 25 82 20 6 133
1981 0 26 77 18 6 127
1982 0 24 72 16 5 117
1983 0 22 61 15 5 i03
1984 0
1985 0 22 43 13 5 83

Source: U.S. Bureau of Reclamation data.

Note:

Data are missing for the years 1962, 1964, 1966, 1978 and 1984.
* In 1967, staff reporting shifted from December to January.
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Districts contract with the Bureau for some management functions which fall within theirarea. -

of responsibility under the transfer contract agreements. East District, for éxample, copteects with: -
the Bureau to manage the district main canal, although the other two districts handle main canal

operations themselves. The main computer and telemetry receiver for the automatic data -

acquisition and control system bought by the districts has been installed in the Bureduoffice'in

Ephrata rather than in one of the district offices, and Bureau staff members mosnitor systein statug:
and manage this data system. This indicates the close working relationship which hasevolved in -
the wake of the transfer. ' B SRS A
District boards are continually looking for ways to keep water charges down. One strategy
has been to raise revenue through secondary enterprises to cover part of the O&M cost and to -
supply reserve fund requirements. In 1980, the districts agreed on a joint power-devélopment plan
and have jointly developed seven hydroelectric power stations throughout the systemi. These
facilities have been developed by municipal power and light companies ‘which provided the
US$160 million financing and contracted to purchase the power produced. Districts reccive two
mills (two tenths of a US cent) per kilowatt hour currently, with the remainder of the districts’
share being retained by the power companies to retire construction debt obligations. When these
obligations are fully satisfied, the revenue to the districts from power preduction - will increase
sharply. Amortization schedules for the power installations range from 10 to 40 years. '
Under the original repayment agreement of 1945, irrigation districts were charged 0.5 mill.
per kilowatt-hour (KWH) for water pumping costs at Grand Coulee. This rate continues in effect,
despite the rise in summertime market value of power to about 17 mills per KWH. The Bureau is
seeking to raise the rate charged to the districts to 0.95 mill per KWH, claiming that this is the cost,
of generating the power, and the issue is currently in court. .
Surprisingly, district managers report that a sizeable number of project farmers still think that;
" the districts are part of the Bureau of Reclamation. Only a minority of farmers generally attend
district meetings. Despite this indication of some detachment, farmers generally. appear to be . :
satisfied with the performance of the irrigation districts. Matters of district policy and management -
are generally left to the board or managers. The districts have continued to successfully manage
daily operation of this intensive, “arranged demand” management system ‘since 1969, with the
exception of one day — the day four inches of volcanic ash from Mount St. Helens fell on the
project. ' _ s

RESULTS OF THE TRANSFER

Data Sources

Data for this portion of the analysis were obtained principally from the Bureau of Reclamation .
office in Ephrata and from the three irrigation districts. Annual time series data were obtained on -
area irrigated,'® discharge at various points in the conveyance system, aggregate discharge at!
system turnouts, area under various water application technologies, area planted by crop, gross
value of agricultural output by crop, revenues by source, expenditures by category, and petsonnel: - -
levels by function. Aggregate potential evapotranspiration (PET) data were computed from
cropped area figures and multi-year average crop-specific PET values for sites within the project -
area obtained from Washington State University. Most data were available on an irrigation district .

i

18 Area figures from USBR Water Distribution Reports ofien did not agree exactly with sirnilar figares fram: the Crop
Production Reports. For most purposes, figures from the Water Distribution Reports were used in thie analysis.
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basis, though the analysis is concentrated on the project as a whole. Periods of record vary, but for
most variables a time series of 20 or 30 years is available.

Changes in Technology

It is the view of the district managers that adoption of innovative technologies such as hydraulic
excavators, telemetry, and sprinkler irrigation was facilitated by management transfer. Their
argument is that districts were more open to new ideas and technologies, more flexible, and able
to make quicker decisions than was the Bureau.

This argument is easier to accept in the case of main-system operation and maintenance
technologies than in the case of water-application technology. The widespread adoption of
center-pivot sprinkler irrigation has been one of the most dramatic technological changes occurring
in the project in the past 25 years. However, sprinkler systems are owned and operated by individual
farmers and their adoption is driven more by financial factors, such as rising labor costs and the
higher yields often obtained under sprinkler irrigation, than by the management mode of the
irrigation system. Even in the case of the main system, it is difficult to know what would have
happened had the Bureau continued to manage the scheme. At the very least, one can say that the
adoption of new technology does not appear to have been hampered by the transfer of management
responsibilities to districts, and may well have been accelerated.

Quality of Irrigation Service

One of the most important potential impacts of the transition to self-management is the effect on
the quality of irrigation service to farmers. Quality of irrigation service can be defined in terms of
three characteristics — adequacy of water supplied by the irrigation system, timeliness of the
supplies, and equity of distrtbution across system subdivisions. In each case, a useful indicator
must consist of a cardinal or ordinal measure and a means of standardizing the measure to allow
comparison across units or over time. If qualitative judgements are to be made about the measure,
then some standard is also required, along with rules for evaluating the indicator against the
standard.

Several salient features of the CBP underlie the following analysis. First, the CBP is a water-
surplus system. Both its water right and its main pumping capacity exceed current demand. Canal
capacity is a potential constraint to increasing supplies, but has not been an active constraint in
recent years. Second, the CBP is a demand-driven system. Farmers place orders for water, specified
in terms of discharge, duration, and delivery date and the system delivers water, also specified in
these terms.

Consequently, it is assumed here that farmers place orders for water based on the potentiat
evapotranspiration (PET) requirements of their crops. PET is assumed to represent the expressed
demand for water. Ideally, an evaluation like this would take place in two stages. First, the orders
placed would be compared with crop water requirements to determine the appropriateness of the
orders. Then, orders would be compared with actual deliveries to determine the system’s
effectiveness in meeting the farmer-specified demand for water. In this case, although information
on individual orders and deliveries is available in district files, it was deemed too expensive and
time consuming to sample, retricve, and analyze it. As a result, a one-stage analysis was used
employing the assumption that PET represents the approximate farmer demand for water,
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Adequacy.

Figure 5.8 shows the quantity of water turned into the system’s three main canals atthe blfurcauon e
and from the Potholes Reservoir, and the project water right at the Columbia River. ‘Tie fact that
“supply exceeds the water right does not indicate a violation of the right, as the total includes -
~ Potholes water which consists largely of irrigation return flows. Itis: musz%aumeﬂam“ with
* respect to the withdrawal permit. The quantity turned into system mais canals shows a steady
 increase with time as irrigated area expanded, until about 1973, Itis roughly stable from then'until -
1985 when it again begins to rise. Figure 5.8 also shows the aggregate amount of water délivered - -
to farm-level turnouts over time. This value too shows a steady rise until. 1973, when it stabilizes -
~ at-around 2 million acre-feet (2.5 billion cubic meters) and holds constant at:that:level until- the.
end.of the period. It does not show the pronounced rise in level that memmhcmgl,s&pply does
after. 1985. Aggregate PET demand is less volatile, exhibiting steady grovnh throu
perlod 19 but at a rate which declines with time.

figure 5.8 Wd{ér diverted, delivered and required, CBP, 1960--89.
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19 To some extent, this is an artifact of the computational procedure used, since longcr-tcrm averm, ) uﬁ of PE'I‘ for
particular crops are used in the computation. Year-to-year changes in aggn:gatc water. demnnd thus mﬂé&f vannhons m
crop mix and total area irrigated only.
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In Figure 5.9, data on supplies from Potholes Reservoir have been deleted so that the two
supply curves and the demand line relate only to virgin water pumped from the Columbia. Now
it is seen that water withdrawals have remained comfortably within the water right limit.2° The
maximum withdrawal, 2.7 million acre-feet (3.3 billion cubic meters}), occurred in 1988, the year
in which incremental area was added to the system and the water right was increased. Seen again
in this figure is the steady divergence between main-canal supplies to the two districts and the
aggregate deliveries to farm turnouts. This divergence will be explored further in the discussion

of system efficiency.

Figure 5.9. Water diverted, delivered and required for Quincy and East Districts, CBP, 1960-89.
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Bassett, and Middleton, frrigation requirements for Washington - estimates and methodology (Pullman:
Washington State University, 1989), pp 6-13.

While the volume of water supplied was steadily growing, the area served was also expanding
(see Figure 5.1). In order to understand what happened to water deliveries on a unit-area basis, it
is necessary to standardize water volume by dividing by area served. When this is done for total
aggregate supply at the heads of the three main canals, the result is shown in Figure 5.10. It is seen
that the amount of water supplied to the three districts increased sharply in 1969 and 1970, the first
two years of district management. In 1971, a steady decline from this peak of just over 6.3 acre,

20 This assumes no net, year-to-year change in storage in Banks Lake, no net inflows to Banks Lake not lifted from the
Columbia, and negligible conveyance losses between the pumping plant and the bifurcation.
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feet/acre begins which continues for the next 15 years, ending at a value of around 5.7 acre,
feet/acre, a drop of about 10 percent. In 1986, a puzzling and extremely rapid rise commences in
the amount of water supplied to the three districts per unit area irrigated which lasts until the record
“ends in 1989. The implications of this rise will be explored later in the analysis.

Figure 5.10. Total water supply per acre, CBP, 1960-89 (3-year moving average).
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Source; Water Distribution Reports for CBP, U.S. Bureau of Reclamation.
Note:  Years shown on graph are final years in each 3-year period.

When aggregate supplies to turnouts are similarly put on a per-unit-area basis, it is apparent
that water deliveries per unit area have declined continuously, from about 4.5 feet in the early
1950s to about 3.7 feet in the late 1980s (Figure 5.11). There is no obvious discontinuity in this
trend associated with the 1969 transfer of management responsibility,?! indicating that the
additional water ordered by the districts in the years immediately following the transfer-did not
reach farm turnouts and was lost in district distribution systems. The most pronounced decline in
per-acre water deliveries to farm turnouts occurred during the 1970s, coinciding with the peried
of most rapid growth in area under sprinkler irrigation (Figure 5.4) and the decline may be related
to the shift to more efficient application technology.

However, cropping patterns also changed during this time, and it is possible that a shift to less
water-intensive crops may have reduced the aggregate crop demand for water. To examine this

21 The amount of water delivered to farm turnouts was actuatly less in 1969 and 1970 than in 1968, the last year of Bureau
management. ' .

B T i
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possibility, crop weighted aggregate annuat PET for the CBP was plotted as in Figure 5.‘12..22 The
graph shows two distinct periods — a rising trend between 1955 and 1972 and a declining one
from 1973 to the end of the period.” The second period can also be subdivided into a period of
sharp decline from 1973 to 1981 and a period of relatively constant PET thereafter. The major drop
between 1978 and 1979 is associated with the complete phasing out of sugar beet production, the
most water- intensive crop grown in the basin, and its replacement with vegetables, one of the least

water-intensive crops grown.

Figure 5.11. Total water delivery per acre, CBP, 1955-89 {3-year moving average).
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Source: Water Distribution Reports for CBP, U.S. Burcau of Reclamation,
Note:  Years shown on graph are final years in each 3-year period.

Between 1973 and 1981, the period of rapid decline, unit-area PET fell by 7.6 percent as a
result of cropping pattern shifts, while water deliveries per unit area, shown in Figure 5.11, fell by
10.1 percent. This suggests that about three quarters of the reduction in farm demand for water
during this period was a result of cropping pattern shifts, and only about one quarter resulted
directly from increased water application efficiency occasioned by the shift to sprinkler irrigation,
Atthe same time, it is likely that the introduction of the center pivots was instrumental in permitting
farmers to make the shift to certain new crops because of their lower water application rates and
Inore precise water control. The main water-savin g effect of improved application technology thus
appears to have operated indirectly during this period of rapid change.

22 Here and throughout this study, PET as reported is the net of effective precipitation. Because summertime effective
precipitation in the CBP is very small. this modification makes little difference in practice.

23 Changes in PET do not reflect changes in climatological demand, because a common set of average crop-specific PET
demand figures are used for each year in the serics.
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Figure 5.12. Crop-weighted potential evapotranspiration for CBP, 1955-89.
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Source: Computed from data in James, Erpenbeck, Bassett, and Middleton, frrigation requirements for Washington —
estimates and methodology (Puilman: Washington State University, 1989), pp 6-1 3.

Going one step further, the aggregate water supply at the farm turnout can be standardized
using the PET of the particular crop mix grown in each year. This resulted in an indicator termed
the net Relative Water Supply (RWSn). RWSq is seen in Table 5.4 to decrease over the past 30
years, with an average value of 1.46 for the period.?* This means that, on average, the amount of
water delivered to the farm turnouts was 1.46 times the weighted average crop water requirement.

As indicated earlier, to evaluate an indicator and make value judgements about its level, it is
necessary to have a standard against which to compare it. What then are standards of acceptable
water adequacy in the CBP? For the individual farmer, the avoidance of water stress would likely
be a principal objective, suggesting that adequacy and timeliness of deliveries are paramount. Since
districts are farmer-owned and operated, it is reasonable to assume that the district managers
generally share this value, though they may have other values as well, such as maximizing power
revenues or minimizing district operating costs. This suggests that districts would have implicit
RWS,, standards similar to those of their farmer members. The value placed on meéeting full crop
PET requirements by Bureau personnel prior to the transition to self-management is uncertain,
though by most accounts Bureau personnel were highly professional and dedicated to providing
farmers with the irrigation service they requested.

————————————————

24 Note that this formulation does not include a leaching requirement. Under arid conditions, leaching of salts is necessary
and important and would add something to the denominator of the RWS were it considered. Off-scason rainfall would
‘provide for some of this requircment. The leaching fraction would probably not vary substantially a¢ross the basin or
over timie, however, and so its absence does not compromise relative comparisons.
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Table 5.4. Five-year average values for PET, net supply and RWSa (in feet), CBP, 195589,

5-Year PET Net supply RWSn

peried CBP CBP CBP Quincy East South
1955-59 2.61 4.30 1.65 1.67 1.69 1.55
196064 2.81 4.15 1.48 1.53 1.46 1.42
1965-69 2.84 424 1.49 1.51 1.54 143
1970-74 2.89 423 1.46 1.53 148 1.36
1975-79 2.81 399 1.42 1.49 1.41 1.35
1980-84 2.70 361 1.34 1.36 1.35 1.31
1985-89 2.75 3,72 1.35 1.40¢ 1.28 1.35
1955-89 277 4.03 1.46 1.50 1.46 1.40

Sources: PET computed from data in James, Erpenbeck, Bassett, and Middleton, frrigation requirements for Washington
— estimates and methodology (Pullman: Washington State University, 1989), pp 6-13. Net supply computed
from data in U.S. Bureau of Reclamation Water Distribution Reports for CBP.

With respect to water adequacy, a farmer would require a RW Sy, of at least 1.11 at his farm
turnout to meet the full PET demand if his application system operated at an efficiency of %0
percent, or 1.25 if it operated at 80-percent efficiency.”® An average RWSn value of around 1.5
would imply that the adequacy objective is generally being met, assuming reasonably even
distribution of water within each district.

While avoidance of crop water stress is a prime objective, farmers also want to minimize water
and pumping costs. This generally means ordering and applying no more water than is necessary
to meet crop PET. Farmers would therefore be expected to try to bring the amount of water
delivered to their farms down as close as possible to the target RWS;, value dictated by the design
parameters of their water application system. Final period (1985-89) RWSy values of 1.35 are
approaching the range of assumed target or standard levels, suggesting that deliveries to farms
cannot be reduced too much further unless cropping patterns evolve further toward less
water-intensive crops. This issue can also be addressed in the context of efficiency of water use,
and is discussed from this perspective in a subsequent section.

Timeliness.

Timeliness would be best considered by comparing seasonal PET curves with records of water
orders and then comparing the water orders with the timing of water deliveries in a two-stage
process similar to the one described in the case of adequacy. However, reports from both farmers
and district officials indicate that water orders have almost always been satisfied promptly both
before and after transfer. Substantiating this perception is the result of a recent study of a large
irrigation district in Arizona. Here Palmer, Clemmens, and Dedrick (1990) found that 72 percent
of water orders were filled within 24 hours of the order date. It was, therefore, felt unlikely that
the time-consuming analysis necessary to assess this dimension of performance, and assembly of

251t is possible that some farmers might try to operate below the peak of the production function curve if economic
optimality was achieved by applying less than the full PET requirement to reduce operating costs. It is assumed that
because costs of water and energy are relatively low in the CBP and the costs of miscalculation are high, this would not
be an attractive strategy there.
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the large volume of data it would require, would yield useful insight into the transfer process in

the CBP. Consequently, it was deleted from the analysis.

Equity.

In the absence of information on distribution of water within districts, equity of distribution was
assessed in a simple way by creating a series of ratios of the high and low RWS found among the
three districts each year. Since this ratio is based on relative water supply, it has already been
adjusted for the differing areas of the districts and their different cropping patterns. In a sense, it
thus represents the ratio of the water supply made available to the best supplied and the worst
supplied of the three districts, if they were to have identical areas and cropping patterns. -

The equity index can be computed in two different forms, from the available data. The first
uses the total diversions into each district main canal as the supply, together with the in-field
demand represented by the weighted average PET. In the second formulation of the index, losses
and wastage in the conveyance system are netted out, and the numerator is the aggregate delivery
at the farm turnout while the denominator is the weighted average PET. The second index is
examined here, since it is considered to be the most consistent with the operational objectives of
both the districts and the Bureau, which are based on the meeting of irrigators’ requests for water
as measured at the farm turnout.

The average value of the equity index for the 1960 to 1989 period is 1.10, a remarkably low
value by international standards (Table 5.5). Although this index says nothing about the
distribution among farms within a district, it shows that, on average, the best watered district
received only about 10 percent more water relative to its crop needs than did the district with the
. lowest RWS. East and Quincy Districts took turns as the "high" district, while South District was
consistently the "low" RWS district. ‘

The behavior of this equity index over time is shown in Figure 5.13. A rising index
accompanying the expansion of the system in the 1960s indicates de.creasmg intradistrict
distributional equity. Following management transfer in 1969, the index remained at peak levels
for several years before beginning to move downward in 1975. After aten-year penod of decrease,
indicating increasing equity, the ratio rose quickly again to the levels of the early 1970s. It is clear
that management of water allocation and distribution by districts does not have a negative effect
on interdistrict equity of water distribution. Districts appear to have managed and coordinated their
operations in such a way that interdivisional equity increased steadily under their stewardship
during the late 1970s and earty 1980s. The reason for the rise in the index in the late 1980s is
unknown, but may relate to physical deterioration within some districts and a consequent reduction
in control over deliveries. It must be borne in mind that the differences in RWS which underlie
the equity index are quite small and that even the highest equity index levels reached during the
period are extremely low (indicating a high level of equity) compared to situations in most
developing countries.

The interpretation of equity index values is somewhat different in an arranged-demand system.
stuch as the CBP, than it is in a supply-driven system like those typically found in South and
Southeast Asia. In the latter case, inter-unit equity is often established as an explicit operational
goal and achievement of this goal can be considered as a direct measure of the effectiveness of the
irrigation system. Additionally, the equity objective would often be framed in terms of water supply
per unit area, rather than in terms of the supply relative to crop demand though this is not always
the case. For the CBP, measures of equity can be computed ex post, but they do not serve, in any
direct sense, as operational performance guides or indicators, since operational objectives relate
to satisfying farmers’ expressed requests for water, which presumably are related to the water
requirements of the crops they are growing. It is interesting to note, though; that excellent equity
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of distribution, at least at the district level, appears as a byproduct of a water allocation plan aimed
at satisfying farmers’ expressed demands. It must be remembered that variable costs of production
in the CBP are related to the volume of water used, directly through water charges paid to the
districts and indirectly through private pumping costs for operating sprinkler systems. This type
of cost-linkage mechanism exerts downward pressure on water orders across the system, which
can lead to high levels of intradistrict equity as crop-related water demand levels are approached.

Table 5.5. Ratio of high-district and low-district net relative water supply values for the CBP,
1960-1989.

Year High district Low district Ratio
1960 Quincy South 1.09
1961 Quincy South 1.07
1962 Quincy South 1.08
1963 Quincy South 1.08
1964 Quincy South 1.05
1965 Quincy & East South 1.05
1966 East South 1.06
1967 East South 1.09
1968 East South 1.10
1969 Quincy & East South 1.11
1970 East South 1.15
1971 Quincy South 1.10
1972 Quincy South 1.15
1673 Quincy South 1.15
1974 Quincy South 1.15
1975 Quincy South 1.16
1976 Quincy South 1.10
1977 Quincy South 1.11
1978 Quincy South 1.09
1979 Quincy South 1.09
1980 East South 1.08
1981 Quincy South 1.05
1982 Quincy South 1.09
1983 East Quincy 1.05
1984 Quincy & South East 1.02
1985 Quincy South 1.03
1986 Quincy East 1.16
1987 Quincy East 1.12
1988 Quincy East 1.08
1989 South East 1.14
Period Averages

1960-1968 (pre-transfer} 1.08

1969-1989 (post-transfer)} 1.10

1960-1989 (total period) 1.10

Source: Calculated from U.8. Bureau of Reclamation water distribution data.
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Figure 5.13. District ratios of high and low net relative water supply, CBP, 1960-89. -
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Source: Computed from Water Distribution Reports for CBP, U.S, Bureau of Reclamation,

Hydrologic Efficiency

Efficiency is usvally defined as a measure of the output of a process divided by the input used in
the process. "Hydrologic efficiency" refers to the water delivered to a particulat point in the system,
or used in some way by agricultural operations and processes, divided by the water supplied from
some upstream point. It does not measure the quality of irrigation service provided to irrigators,
but reflects the amount of water lost in the process. Moreover, it is only a partial measure of
irrigation efficiency, becavse it considers a single input {water) to a process which has many inputs
(money, personnel, equipment). Nevertheless, hydrologic efficiency has often been taken as the
key indicator of the performance of an irrigation system, and measures of hydrologic efficiency
often yield very useful insights into system operating characteristics.

Tertiary unit efficiency, conveyance efficiency, and overall or project efficiency of the CBP
are assessed following the terminology used by Bos and Nugteren (1990). In the absence of system
deliveries for nonirrigation purposes, tertiary unit efficiency {eu) can be defined as PET divided
by aggregate water deliveries to farm turnouts; conveyance efficiency (ec) as the quantity of water
turned into system main canals divided by aggregate deliveries to farm turnouts; and overall
efficiency (ep) as PET divided by the quantity of water turned into system main canals (or ey ec).
In general, ey is a function of the type and condition of technology used on the farm and the quality
of an individual farmer’s management. The other efficiency, ec, is a function of the management
exercised by the irrigation district and the lining and water control technology it employs, as weil

:
=
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as its state of repair. Both efficiency measures are also dependent on soil characteristics, such as
infiltration rates and evaporation rates, which are assumed to be constant from year to year.

Figure 5.14 shows the overall efficiency of the CBP over a 27-year period as a series of
three-year moving averages. Efficiency is defined as system-wide PET divided by net supply at
the bifurcation. This means that the effects of return flow reuse in South District are already
included in the efficiency calculation.?8It is seen that maximum efficiency levels are achieved in
1978, 1982, and 1986, well after the transfer to district management. Beyond that simple
observation, however, the figure suggests several distinct periods that bear further scrutiny. These
are: (a) the rising portion from 1962 until 1968; (b) two sharply falling years, 1969 and 1970; (¢)
a period of rising efficiencies from 1971 until 1978, (d) generally high but variable values from
1979 to 1986; and (e) a sharp decline in overall efficiency from 1987 to 1989.

Figure 5.14, Overall efficiency of CBP, 1960-89 (3-year moving average).
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Sources: Water Distribution and Crop Production Reports for CBP, U.S. Bureau of Reclamation. PET calculated from
data in James, Erpenbeck, Bassett, and Middleton, Irrigation requirements for Washington — estimates and
methodology (Pullman: Washington State University, 1989}, pp 6-13.

Nore:  Years shown on graph scale are final years in each 3-year period.

26 Keller estimates the overall efficiency of irrigation water use along the lower Nile to be about 70 percent, when the
extensive reuse of canal-derived surface drainage flows and groundwater is considered. Ignored in this discussion of
the Columbia Basin system are the extraction and use of CBP-derived water by groundwater districts within the overall
project boundary. The source of this groundwater is recognized by both parties and compensatory payments are made
by groundwater districts to CBP irmrigation districts, but the volume of such reuse is not known and is not considered in
the efficiency calculations. On the other hand, natural rainfall-derived inflows to the Potholes Reservoir are also not
included in the calculations and would offset, 1o some extent, the gains in overall efficiency which would result from a
consideration of groundwater reuse. The point is that boundary definition and consideration of reuse can generate large
differences among alternative determinations of project “efficiencies.”
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When it is recalled that most of the CBP was turned over to the ungat:ondssmcts;to operate
in January 1969, the following interpretation emerges. The early sixties were a pafiod. of rapid -

system expansion and learning for both farmers and Burean managers, resulting in steadily -

improving overall efficiency. When transfer took place iin early 1969, efficiency: of -operation. -
suffered, both because districts were new to canal management, and perhaps because: less -
predictable or reliable deliveries also affected farmers’ ability to manage temary-iewi dlslﬂbutlon :
and application efficiently. A learning process quickly set in again, howeves,coupled with physical
improvements mandated by the transfer agreements and improved application technglogy at the
farm level, resulting in generally improving efficiencies for the next16-yeats: Thereis no-abvious
explanation for the sharp decline which set in 1987. Possible reasons include: an undetfunding of
system maintenance by the districts, which was implied in some interviews with distriot:managers;
a general age-dependent system deterioration which could not be offset ever by generally adequate
maintenance expenditures; and changes in system operating rules, perhaps to accommodate newly :
installed hydropower generating capacity within the command.

To explore this interesting scenario further, overall efficiency was dlsaggregated and the two
component efficiencies are shown in Figure 5.15 as three-year moving averages. The figure shows -
that conveyance efficiency increased steadily from 1957 until 1968, rising by about 13 percentage .
pomts In 1969, it fell sharply and is clearly responsible for the precipitous fall in overall efficiency
in the same year, This behavior supports the hypothesis that the decline in overall efficiency is -
related to the transfer, because such a decline would be expected to show up miost directly as
reduced conveyance efficiency. After three years of decline, during which itdropped 5 points from
0.70 to 0.65, conveyance efficiency again increased for several years climbing back to about 0.69. -
During this period, it was once again responsible for a net rise in overall efficiency. From 1975,
conveyance efficiency for the CBP declined continuously until the end of the penod in 1989,
ending at about 0.60.%

Figure 5.15. Conveyance and tertiary-unit efficiency, CBP, 195589 (3-year moving average).
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Source: Water Distribution and Crop Production Reports for CBP, U.S. Bureau of Reclq_mauop. o
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27 Bos and Nugtereﬁ (1990, 33) present data showing average conveyance efficiencies of Mt 053forscbemes larger -
than 106,000 hectares. The sample is drawn from nonrice growing irrigation systems in a mixture of déveloped and -
developing countries.
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Tertiary-unit efficiency, on the other hand, also rose smartly from 1957 and then fell before
beginning a four-year rise in 1969, the year of the transfer, from 0.65 to about 0.70.2% From 1975,
six years into the district management period, until 1986, steadily rising tertiary-level efficiency
offset falling conveyance cfficiency, holding overall efficiency generally constant. As tertiary
efficiency levels off, however, and conveyance efficiency continues to fall, overall efficiency drops
sharply for the last 3 years of the period resulting in the 3-percentage-point decline in overall
efficiency recorded between 1987 and 1989.

The evidence presented above suggests a post-transfer acclamation period lasting about 7
years before system conveyance efficiency was restored to levels prevailing prior to transfer. This
was the case with a staff largely made up of the same individuals who had operated the scheme
before 1969. If it had been necessary to recruit and train O&M personnel from outside the system,
this period could conceivably have been longer. It should be noted that there is no evidence that
the adequacy or timeliness of water deliveries to farmers suffered during this period, or that
interdistrict equity deteriorated. It is only the hydrologic efficiency of the canal system operations
which was obviously affected.

The long, steady slide in conveyance efficiency which has lasted from 1975 until the present
raises additional questions. First, is this a matter of concern to system managers? If quality of
irrigation service to CBP farmers has not suffered, and this is the direct connection with the
productivity of the system, it may be that reduced conveyance efficiency is a step consciously
taken to make system management easier and to reduce field staffing requirements, and hence
operating costs. Alternatively it may be that the conveyance sysiem is simply leakier and less
manageable than it was in the mid-1970s, as a result of inadequate maintenance and replacement
work on system canals, linings, and control strirctures. A third possibility is that system operational
rules and procedures have not been appropriately adapted to the decline in aggregate crop water
demand which has occurred since the early 1970°s and the corresponding decline in the aggregate
volume of water orders, adjusted to a per-acre basis. In this case, more water in main-canal systems
is simply running to waste. These questions will be explored further as additional information is
presented to illuminate them from different angles.

Financial Viability

Adjusting for Inflation,

In the following financial analyses, three price indices are used to remove nominal increases
attributable to inflation from project and farm-level costs and returns. All values reported in the
analysis of revenues and costs are in constant 1989 US dollars unless otherwise indicated,

Vahie of crop output was adjusted to constant dollars using the index of prices received by
farmers, and the farm-level price of water was adjusted by the index of prices paid by farmers,
both taken from the Economic Report of the President (1991). Operation and maintenance (Q&M)
costs, as well as other CBP revenues and expenditures were adjusted using the Producer Price
Index (PPI) from the same report. The PPI is a generalized index of prices paid by producers of
goods and services for inputs, calculated for the entire United States.

The USBR maintains its own deflator series for O&%M expenditures, based on changes in
per-acre O&M expenses in a sample of its own projects. The USBR sample excludes projects
whose total area varied by more than 20 percent from the previous year and whose O&M costs

28 Bos and Nugteren (1990, 55) report an average ey value of 0.70 for six sprinkler-based systems. The sample is drawn
from irrigation systems in a mixture of developed and developing countries.
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varied more than 50 percent from the previous year. Sample projects are a!lowed to‘have only
minimal changcs in management, system physical condition, or maintenarice’ stan&ards for that -
year. An index is first calculated for each project and the individual indices dre average :
a general index. The cost streams upon which the USBR index is based ate specific to USBR
projects and include any real changes in O&M expenditures as well as mﬂatlon-l'_ diced changes.
: The four series are shown together in Figure 5.16. Comparison ‘of them feveals several
interesting trends. First, the index reflecting prices paid by farmers tracks'the PPI &I ly.’hnakmg o
the two interchangeable for practical purposes. Second, both of these measures levéled off in 1982,
reflecting the onset of a recessionary period in the United States, and wmmned 5 ; ant for the -
next’S years. - )
During the same period, the USBR O&M index appears unaffected by: medlum-tzrm trends
in the larger economy. Its resolute rise during both inflationary and nomnﬂaﬁonmy times suggests
that either the cost structure of the Bureau is pre-programmed for a particular level of inflation and
therefore unresponsive to real outside events, or that, because of the way thie index is cotistructed,
it is being driven upward by real-cost increases in O&M expenditure in ‘addition to inflationary -
ones. Consequently, the Bureau index was felt to be insufficiently independent of sanipling biases

and the impacts of real changes in system O&M costs to be used ui deflatmg CBP O&M
expenditures.?’ '

Figure 5.16. Comparative deflators for irrigation cost series, 1960-89 ( 1 960;—*'1093‘: R
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Revenue

Total revenues to the three districts averaged 1S$37.15 per acre, in constant:1989 doilars, for the
three-year period 1969-1971 immediately following the districts’ iakeovar of operatlona]';.

29 Note also that prices reccived by farmers leveled off in 1980 while other indices oununned 10 nse mdlly. hlghltghtmg '
the cost/price squeeze in which farmers were caught for almost a decade.
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responsibility. Revenues fell steadily over the next decade, reaching a low of US$25.53 per acre
for the 1979-1981 period. Income then rose again during the eighties, reaching US$31.09 per acre
in 1987-1989 (Figure 5.17).

Figure 5.17. Revenue per irrigated acre, CBP, 196189 (1989=100).
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Sources: U.S. Bureau of Reclamation and CBP irrigation districts.

Driving these changes were variations in income from water assessments charged to Basin
farmers, which make up 70 to 80 percent of total revenue. As seen in Figure 5.17, total revenue
closely tracks the water assessment curve during the 1969 to 1989 period, with some divergence
toward the end of the period. Data on water assessments are available from 1961 and provide an
opportunity to compare trends in assessments before and after management transfer. From a level
of US$26.16 per acre in 1961, the assessment rose rapidly to US$29.10 in 1968, the final year of
Bureau management. Following management transfer to districts, assessments fell steadily,
reaching a low of US$17.91 in 1981 before beginning to rise slowly again reaching US$20.00 per
acre in 1989. It seems clear that the management shift triggered a series of reductions in real water
assessment rates and reversed the rising trend which had been prevailing prior to that time, Farmers,
through their districts, appear to place a higher premium on holding down fee assessments than
does the Bureau. The increasing trend of the early 1980s may represent a realization that
maintenance was being underfunded, but this point requires further exploration. Another
interesting feature of Figure 5.17 is the expanding divergence between total revenue and water
assessment curves after 1984, suggesting the increased importance of other sources of income to
the districts after that time.
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. .- Table 5.6 shows shares of total revenue derived. from- different sources Farm. water. -
- assessments, the major component, declined from 80.6 percent:in 1969 10,41 AVRLAEE Of o
percent during the last half of the 1980s. On the other hand, power revenu » s appreciable
only in 1985, and, in the last haif of the decade, made up 4.5 percent of total revenue; The category -
:“interest and other revenue” also shows an increase during the last 5-year period, tising to 14.8
percent of the total. ¥ Income from water-service contracts gréw steadily thréughuu he 20-yesr -
. period of district management, representing system expansion into adjacent lands’ | :
- ineluded in the district. The growth in these other income sources caused the total income to'the
- districts to climb rapidly from 1984 onward, while allowing districts 1o restrict water asséssient

formally

increases to relatively modest levels. Total real income grew at a componnd rate of 4.1 peréent - .

- during the 1984 to 1989 period, while water assessments increased only atarate of 1.9 percentper .

. Table 5.6. .Sha)fes of total revenue, 5-year averages, CBP 1969-89.

Year Water Water Excess |Interestand| Power | ' Total
E assessment | service water other revenue |-

. B contracts charges income ' 1 :
1969 ~ 0.806 0.003 0.122 0070 | 0000 [ 1000 |
1970-74 | 0.764 0.014 0.126 0.095 0000 | 1000 |
1975-79 | 0778 0.033 0.116 0.075 0000 |. 1000
1980-84 | 0729 0.042 0.060 0.166 0004 | 1000
1985-89 | 0674 0.057 0.076 0.148 | 0.045 =] 1,000

" Source: Data from CBP irrigation districts.

Three salient conclusions emerge from this analysis. First, districts were effective in -~

-  substantially reducing the absolute level of irrigation rates after they assumed m&@naggljlen't control.
That they would wish to do this is not surprising, though their effectiveness i$ notable, Second, alt 7

 three districts have succeeded in diversifying their activities 1o generate ailar; are: of their

revenue from sources other than their member farmers. Each district now. gets miore thar one: :

- quarter of its total revenue from non-member sources. In addition to new sources of income such -
as small-scale hydropower generation, districts have reduced -their o1 -

' revenue from excess water sales, and sold this water to other farmers on t gi)

boosting revenue from water service contracts. Third, interest earnings has becom

- important source of income for the districts, suggesting prudent financ,
- accumulation of sinking and other reserve accounts. '
Costs

The cost of operating the CBP during the period 1960 to 1989 avmge_c_l_;z{zlss- ;45%;;@ asre
(UUS$70.22 ‘per hectare). Counted are financial (not economic) costs which e distriot”

30 For the period.1983 to 1989 for which disaggregated data are available, more than half:(55.8%) of the income. in this: -
- category consisis of interest income on funds hetd on account, and feserve funds, The balance of

" comes from groundwater recharge payment from groundwattr districts and tran sford from resbeve fuhds (16 Ea
" payments by the USBR for services provided by the districts (1 1.7%), rhiscellaneous colléetions'(9:5%), isid equipment . -

" rental {6.3%). These figures are averages over seven years. Proportion
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operating expenses and the district payment to the Bureau for operating and maintaining reserve
works, but not subsidies provided through the Bureau. Most notable among the latter is the
exceptionally low rate paid by the districts for lifting water from the FDR Reservoir, relative to
commercial rates for power.

Figure 5.18 shows the behavior of operating costs over time. Immediately following the shift
from Bureau to district management, costs are seen to have increased substantially. During the
period prior to the transfer (1960 to 1968) the average operating cost was US$28.67 per acre, while
during the five-year period following transfer (1969 to 1973) it averaged US$32.51 per acre, an
increase of about 13 percent, In 1974, it plunged decisively and remained relatively low for the
next 8 years before showing a rising trend throughout the [980s. For the entire post-transition
period (1974 to 1989), the average operating cost was US$27.02 per acre, only slightly below its
value under Bureau management. It is reasonable to regard the increase in operating costs
immediately following transfer as temporary and to attribute it to the transition process itself.
Although the Bureau covered many of the costs involved, the districts must have incurred start-up
costs of establishing or expanding offices, setting up databases and accounting systems, and the
like.

Figure 5.18. Total expenditures per acre, CBP, 1960-89.
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In general, about three quarters of total operating costs (76 %) are made up of district staff
and O&M expenses (Staff/O&M).*! Payments to the Bureau for "reserve works” O&M make up
another 13 percent, and "other” costs amount to 1O percent of the total. The Staff/O&M category

31 Given the various sources of the data used in this analysis, it was impossible to disaggregate this category in a consistent
way.
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includes staff salaries and benefits, and such items as maintenance on buildings and canals, lateral
construction and repair, weed control, staff field expenses and equipment expenses, “Reserve
works" includes payments to USBR for operation, maintenance and répair of canals, dams, and
pumping plants used in common by the three districts and power charges for pumping from the
FDR Reservoir. The "other” category includes contracted construction work, insurance claims,
drainage claims, unrecovered assessments and charges, and administrative expenses.

Figure 5.19 shows Staff/O&M costs to be remarkably constant over time, if the transition
period is ignored, with costs before and after transfer being quite similar. This is consistent with
the earlier observations that operational procedures changed little after transfer and that most of
the operational staff simply switched employers. Although year-to-year variations in StafffO&M
costs can be seen reflected in the total expense graph, the reduced level of total expenditures during
the late 1970s is explained by the steady reduction in reserved works expenditures shown in Figure
5.20. With the exception of the transition period, these expenditures show alorig-term decline over
25 years from about US$5.50 per acre in 1960 to around US$2.00 per acre in 1984. Subsequently,

"there was a near doubling of the expenditure rate during the late 1980s. The fall in this category
of expenses is a result, in part, of falling per-acre water supply levels and consequent reduced
power charges. This trend is mirrored, in more muted fashion, by "other" expenditures (Figure
5.21).

Figure 5.19. Per-acre expenditure on staff and O&M, CBP, 1960-89.
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The general pattern which emerges is of relatively little permanent change in expenditure
patterns as a result of the transfer of management to the districts. Staff/O&M and "reserve works"
expenditures both experienced temporary, transition period increases following transfer, following
which staff/O&M costs settled back to their previous range while "reserve works" assessments
continued to fall until the mid-1980s. Total O&M expenditures also show this transition spike and




Figure 5.20. Per-acre expenditures on reserved works, CBP, 1960-89.
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Figure 5.21. Other expenditures per acre, CBP, 1960-89.
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subsequent fall to values below pre-transfer levels. During the tast half of the 1980s, rising reserve
works assessments and increasing administrative and other costs pushed totai expenditures back
to the level prevailing prior to transfer.

An interview with the Quincy district manager indicated that farmers’ top priority is a "lean”
operation to keep water charges down. Reportedly, the board restricts costs tightly and the district

is "right on the line" between maintaining the system in adequate operating condition and letting

it deteriorate. Others interviewed in that district felt the system is being allowed to deteriorate. For
the system as a whole, the figures examined do not reveal an overall decline in the amount spent
in the critical Staff/O&M category, a decline which might suggest that short-term economies are
being sought at the expense of long-term sustainability. However, as system facilities and
equipment age, it may be that the expenditures required to hold the system at a particular level of
operational performance increase. Hence, constant real fevels of expenditure would become
increasingly inadequate.

Profitability

Time series data on farm expenditures and production were not available to allow the calculation
of annual farm profitability. From a farmer’s perspective, profitability is the ultimate measure of
the performance of his operation, but it is a measure obviously influenced by a large number of
variables besides the quality and cost of irrigation service. The major effect on profitability of the
shift to farmer management of the CBP was probably felt through the one-third reduction in
per-acre irrigation assessments which took place following the transfer. For a 160-acre farm, this
would amount to an increase in gross margin of around US$1,600. The more precise water control
provided by center pivot sprinklers, which facilitated a shift to higher-value crops, probably had
a much greater impact on profitability, but this change was a farm-level decision and largely
independent of the management transfer.

Several existing studies carried out with somewhat different purposes in mind do provide
interesting snapshots of profitability in different years. A study by the Washington State
Department of Conservation in 1964 compared net annual returns per acre on sample farms on the
unirrigated wheatland on the East Side (where farmers had refused irrigation when the project was
being developed) with returns in the irrigated area of the CBP. Average net annual returns on the
unirrigated land were US$6.54, compared with a range of US$17.60 to US$41.33 per acre 'on the
irrigated farms. Unsurprisingly, irrigated land has been substantially more profitable per acre than
adjacent unirrigated Jand. East side farmers objected to the intreduction of irrigation due to their
collective opposition to the accompanying farm-size limitations, Because these farmers did retain
Jarger holdings, however, these per-acre figures do not reflect respective farm income levels for
the two groups.

A 1978 study (Holland and Y oung) concluded that farm units of 160 acres were economically
viable and profitable. Using average prices and crop yields for the period 1973 to 1977, the profit
maximizing wheat-potato rotation yielded a net annual after-tax income of US$29,000. The
less-intensive but more common rotation of sugar beets, wheat, alfaifa, and potatoes, which was
considered more consistent with maintaining soil fertility, yielded a much lower average net annual
income of US$10,000. Both levels were considered "adequate” to support an average family of
two parents and two children, Put into 1989 dollars, these net incomes work-out 10 1US$31,958 and
US$11,020 respectively. If the 1964 figures for irrigated farms from the Department of
Conservation study are put on a similar footing, net income in that year spanned a range of
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US$4,618 to US$10,845, or an average of US$7,732. This suggests that net farm incomes did rise,
in real terms, between 1964 and 1978.

A final illustrative comparison relates a farmer’s water cost savings due to the post-transfer
drop in assessment levels to net farm income. From Figure 5.17, the change in per-acre assessment
levels between the 1960s and the 1980s is seen to be about US$10 (1989 dollars). This amounts
to US$1,600 for a 160-acre farm. Assuming that the real after-tax farm family income in the 1980s
remained at the 1978 level, savings in water charges are seen to have comprised about 15 percent
of the farm family’s income. In other words, average farm income would have been roughly 15
percent lower had management transfer not occurred. This calculation is crude, but it does suggest
the order of magnitude of the savings involved, which is substantial.

As indicated earlier, the gross returns from CBP farms have increased steadily, in real terms,
since the project was constructed (Figure 5.5). Because the behavior of production costs is
unknown, however, the authors are unable to make judgements on this basis about net income.

Maintenance

Under the terms of the management transfer agreement, the USBR is to conduct an O&M audit of
system network facilities and operations in each of the districts every two years. Such audits
generally involve three days of field inspections by a team of USBR and consulting engineers.

Table 5.7 shows the results of six O&M audits conducted after management transfer, between
1973 and 1988. Audits of pumping stations were conducted during alternate years, There were 37
recommendations made during the six audits in the three districts, an average of 2,05
recommendations per audit per district. Remedial action in response to 13 of these
recommendations was not completed prior to a subsequent audit. This yields an average of 0.72
uncompleted recommendations per audit per district.

Recommendations are divided into three categories by the auditors. Category 1
recommendations are those where urgent remedial maintenance is required, There were no
recommendations made in this category. Category 2 recommendations call for important,
preventive maintenance work. This was the most common type of recommendation made to the
districts, constituting 30 of the 37 recommendations. Category 3 recommendations are for less
important, preventive maintenance work. Seven of the 37 recommendations were in this category.

The recommendations covered a variety of types of work. Some of the more frequently made
recommendations called for repair of structures and mechanical devices, painting, better on-farm
irrigation management — especially to prevent silt-laden farm run-off,? weed control, canal
seepage control, and improving drainage capacity. Operational practices were rarely commented
upon. All three districts were commended for the quality of their overall Q&M practices. The 1986
audit report for East District noted that all facilities reviewed were in " good operating condition"
and that the district was continuing to "look for new ways to improve the operation” of the system.
The 1990 audit report for Quincy District commended district staff for their "progressive Q&M
program™ and noted that all structures observed were in good condition.

The overali view of operation and maintenance activities carried out by districts provided by
the audits is positive. The number of recommendations is relatively small, given the total number
of structures and length of canals across the three districts. The districts were engaged in a program
of preventive maintenance which successfully kept the system from requiring emergency remedial
maintenance.

32 This recommendation was more common in the earlier audits,
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Table 5.7. Results of USBR O&M audits in three districts of the CBP.

Number of recommendations .
Previous New recommendations -
recormmendations Category Category Category Total
uncompleted 1 2 3
1973 2 0 0 0. o
1975 0 0 5 1 - 6
1977 3 0 0 1 1
1979-81% 4 0 12 2 14
1982-84 1 0 8 2 10
1986-88 3 0 1 6
Total 13 0 30 7 37

Sources: O&M audits, USBR, Columbia Basin Project.
Note:  Category 1: Urgent remedial maintenance required; Category 2: Important preventive maintenance needed;
Category 3: Less important, preventive maintenance would hetp improve O&M. T e

*In Jater years, audits were not conducted in each district during the same year.

The question of the drop in conveyance efficiency beginning in 1975 remains, however.
Attributing such a change to particular causative factors is difficult as several factors are likely to
be involved, because the effects of neglect are cumulative, and because time lags exist between
neglect and deterioration. The level of $tafffO&M funding is a logical proxy for maintenance
adequacy, but as seen in the analysis of costs, it has shown no persistent downward trend and smali
year-to-year variations would not be expected to show up as fluctuations in hydraulic efficiency.
The possibility of increasing O&M requirements with time remains, however. o

The O&M audits shown in Table 5.7 offer a proximate variable between inadequate
maintenance and conveyance efficiency. These audits do show a higher level of new and
uncompleted recommendations in the period after 1979, most of which were classed as "important
preventative maintenance needed” which is roughly consistent with the timing of the decline in

conveyance efficiency shown in Figure 5.15. This offers some limited support to the idea that -

O&M expenditures ought to be increasing if efficiency declines are to be arrested.

CONCLUSIONS

From many angles, the transfer of management from the US Bureau of Reclamation to irrigation
districts in the Columbia Basin Project can be considered a success on a large scale. While the
Bureau was able to back out of its mostly unwanted role in O&M, the districts gained local control
over management and costs. Data suggests that the project has not suffered significant negative
impacts due to management transfer in the areas of management efficiency, agricultural
productivity, profitability of agriculture for farmers, or economic viability of districts. The effect
on long-term sustainability of the system is less clear, and there is some indication that the physical
system may be experiencing some net deterioration. That management of irrigation for
approximately 557,528 acres (225,626 hectares) can be handled by three local irrigators’
organizations is an impressive achievement. It is a recurring pattern throughout the American West,
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even on larger scales. The King's River Irrigators Association in Fresno, Californta irrigates more
than 450,000 hectares of land.

The aspects of the CBP which accounted for its ability to transfer such a sophisticaped and
large-scale management regime to local irrigators’ organizations may be summarized as given
below,

Social Context

In contrast to the situation in many developing countries, the CBP consisted of a relatively
homogeneous population of settlers, which was highly educated and commercially oriented, There
were virtually no landless poor or others with insecure tenure, Farmers and their districts had
considerable legal and political power and secure land and water rights. Farmers were able to
negotiate as equals with the government and obtain numerous favorable concessions for
themselves, such as low power and construction repayment rates and relaxed limits on farm sizes.
Such concessions ensured that farming would be a relatively stable and profitable enterprise.

From the outset of construction, irrigation districts were invited to negotiate and agree on
whether or not they wanted the irrigation system to be constructed. The offer could be rejected and
was by some. To obtain water, farmers established districts and entered into agreements with the
government to repay construction costs, cover the "full” cost of O&M (which was in fact highly
subsidized), and eventually take over management of the system. This initial collective
understanding about responsibilities of individual farmers and the districts created the perception
among farmers that management transfer was both desirable and inevitable. The essential practices
of continual negotiating and making binding agreements no doubt strengthened the districts and
their legitimacy in the eyes of the farmers.

Institutional Context

The system of contract law and the strong legal basis of the districts and their land and water rights
provided the necessary confidence for farmers to accept responsibility for managing the system.
Strong institutions also made possible the credible threat of strong sanctions. The "partnership
culture” between the districts and the Bureau permitted joint problem-solving, as in deciding on
continued Bureau management of jointly used "reserved works,” contracting by the districts for
technical work to be performed by Bureau staff, and the creation of satisfactory Bureau-to-district
personnel transfer arrangements. The Bureau also provides sovergign immunity for the districts,
acts as repository for the system’s water rights, and has uvltimate oversight responsibility for
ensuring that standards of O&M and financial performance are maintained. The state ensures that
standard accounting procedures and practices are followed.

No doubt management transfer would have been much more difficult to achieve had the
Bureau and districts not been able to come up with an acceptable plan for rapid staff disposition.
The districts were able to absorb the large majority of displaced O&M staff. They were already
paying Bureau O&M staff costs prior to transfer, so transfer did not introduce additional major
costs to the farmers. Bureau staff did not seriously resist the move, because transferred staff
received the same salary levels and insurance and pension benefits as they did before transfer. The
Bureau was able to reassign remaining staff elsewhere and also began to take on new roles to use
its staff, which included land and environmental management and monitoring.
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Results

Technology Adoption.

There has been substantial technological change in the CBP since transfer of management in 1969.
Some of this change, such as the widespread shift to center pivot systems, has resulted from the
individual decisions of farmers responding to prices and returns. Other changes, such as installation
of automatic gauging stations and telemetry systems, have been put into place by the districts. It
seems clear, at a minimum, that the transfer to district management has not hindered the adoption
of new technology in the CBP and may have accelerated it.

Causes of technological change are sometimes complex.and indirect, For example, the
reduction in water demand which accompanied the rapid shift to sprinkler irrigation in the 1970s
was shown to be largely a result of a shift to crops with lower water demand, rather than to the
adoption of sprinkler systems per se. However, it is quite likely that the installation of the center
pivots contributed to improved water control which made the shift to new, less water-intensive,
often higher-value crops possible. And the willingness of farmers to invest in expensive new water
application technology is itself, in part, a function of their confidence in the reliability of water
supplies delivered by the district.

Hydrologic Performance

The quality of irrigation service received by CBP farmers does not appear to hare been affected
significantly by the change to district management. Quantity of water delivered did not change
markedly after 1969 and reducpions in water supply in later yaars can be explained largely by
reductions in aggregate water demand resuiting from changing cropping patterns. Demand
adjusted equity of water distribution among the three districts did decline in the 1970s and the
1980s following transfer, but then rose again and, on average, equity at the district level was about
the same before and after transfer, The CBP operates on an arranged demand system of allocation,
and so timeliness of water deliveries must be measured against the timing of orders for water.
Farmers appear to have been satisfied with the timeliness of deliveries both before and after transfer
and generally rate this aspect of service highly.

An examination of the hydrologic efficiency of the system does reveal some interesting
changes, however. It appears that the system’s new managers required a period of 5 or 6 years after
transfer before they were able to operate the conveyance system as efficiently as did the Bureau
prior to transfer. This demonstrates the complex and subtle nature of the contro! that is required
to operate a large system like the CBP efficiently. Farmers, for their part, increased tertiary-level
efficiency steadily from the mid-1970s. Improvement was driven by a shift from surface to
sprinkler irrigation across much of the project area. That rise has now stopped and overall
tertiary-level efficiency may even be declining slightly at present.

One very puzzling aspect of system hydrology is the continuing 15-year decline in conveyance
efficiency which set in 1978, accentuated by a strong upward surge in the amount of water turned
into the three districts beginning in 1986. This recent increase is not reflected either in supplies
actually delivered to farm turnouts or to any change in crop-based demand for water, both of which
have held constant. Possible explanations for this overall detericration in system conveyance
efficiency include, (a) deterioration in the condition of major system canals resulting in increased
water conveyance losses, and (b) increased water orders to the Bureau to allow greater power
generation through turbines installed in a number of system canals.

In considering the second scenario, it is noted that the efficiency decline commenced well
before power generation by districts began in 1985 and is clearly not responsible for the longer-term



157

trend. However, power to pump water into their distribution systems costs the districts less than
one twentieth of what they earn from the commercial sale of the power they generate, on a per-unit
basis. It would thus be quite rational for them to increase their water orders from the Bureau in
order to increase revenues from the sale of power, simultaneously holding down the water rates
assessed to district members. This would explain the sharp increase in deliveries to the districts
beyond 1986. Such a move might have the added benefit of making the system easier to manage,
especially toward the tail, by keeping more water flowing through it.

Financial Performance.

Upon assuming management responsibility, districts moved quickly to cut water assessments to
district members. On average, real per-acre assessments under district management were just 78
percent of their level during the Bureau period. At the same time, districts diversified income
sources, increasing the share of revenue from hydropower generation and interest on deposited
funds, partially offsetting lost water assessment income. Sale of water conserved to non-members
of the district aiso increased sharply, demonstrating the power of vested water rights, financial
autonomy, and quasi-volumetric pricing to shift water to more profitable uses within the irrigation
sector.

On the average, costs of operating the system do not exhibit well-defined shifts associated
with management transfer, and average expenditure levels before and after 1969 are roughly
similar. Although it is impossible to know what expenditure patterns would have been had the
Bureau retained operating responsibility, the Bureau’s agency-wide O&M cost index provides one
clue. It shows that the cost of operating Bureau systems increases in an extremely regular way, in
nominal terms, and is only loosely related to the underlying rate of inflation. Overall, since 1960,
the Bureau’s cost index has grown to a somewhat higher level than more general cost indices,
suggesting that operating expenses under Bureau management might have been higher than they
presently are, other things being equal.

Three quarters of operating expenses are made up of staff and O&M costs, and these have
held remarkably constant across the transition. Major expenditure components show peaks just
after transition, reflecting the one-time costs of the transfer. A ten-year decline in total expenditure
from the 1969 peak is largely attributable to falling reserve works costs. During the last decade,
total costs have risen again to around their long-term average, driven by increases in reserve works
expenditures and administrative and other costs.

The cost analysis does shed a little more light on the question of declining hydrologic
efficiency raised earlier. Because district O&M costs have not shown a declining trend since
transfer, it can be assumed that maintenance levels at the district level have not been reduced
appreciably. Changes in reserved works payments to the Bureau do not enter the argument, since
the observed decline in conveyance efficiency occurred within areas of responsibility of the
districts. A remaining possibility is that, while district expenditures on O&M have held constant,
they should in fact be increasing to counter accelerating deterioration as the system ages. Some
support for this hypothesis is provided by an analysis of maintenance audits, which show an
increasing number of problems being flagged in recent years.

Farm Profitability.

Gross returns to irrigated agriculture have risen steadily in the CBP over the past 30 years. Although
information on net returns is sketchy, there is some indication that real net returns have also risen.
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Water assessment levels have fallen by about one third since districts assumed management
responsibility. This is estimated roughly to comprise about 15 percent of the average farm income.
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CHAPTER 6

Conjunctive Use of Canal Water
and Groundwater in Punjab, Pakistan:
Management and Policy Options

D. Hammond Murray-Rust
and
Edward J. Vander Velde

OBJECTIVES

THIS PAPER HAS two main objectives:

e To identify current trends in conjunctive use of canal water and groundwater, and their
implications for sustainability of current levels of agricultural performance.

e To identify future research needs and management options that will be required for
sustaining irrigated agriculture in Pakistan in the future.

A special focus of the study was to utilize as far as possible the existing data sets collected by
IIMI to determine what research directions might be appropriate in any continued investigation
into conjunctive use of surface water and groundwater in Pakistan.

This approach was adopted primarily for two reasons. First, data collection in the field is
expensive, and there is a considerable opportunity cost in using existing data sets. Second, field
data collection is fime consuming, and frequently, there is pressure to produce output more rapidly
than is normally possible with a more traditional approach to field investigation and research. At
the same time, the approach which has been used has some limitations, and these must be
understood in any effort to place this study in an appropriate perspective.

The first limitation is that most of the existing data sets were not collected for the specific
purpose of understanding conjunctive use; rather, they were usually generated for other purposes.
Thus the data available from each site were not necessarily compatible; nor was the same range of
data always collected in the same manner. A second constraint was that the data collection
programs of other research projects did not necessarily cover the complete range of variables that
would be desirable for this study. Hence there is a general absence of any ecoromic information,
a lack of data on farmer practices in sharing water at the watercourse level, and an absence of
surveys of farmer perceptions about the relative utility of surface water and groundwater supplies
and the cropping choices that result from these perceptions. Lastly, the data are not fully
representative of the range of surface water and groundwater conditions found in the Punjab; they
refer primarily to areas where there is good to medium quality groundwater according to the
classification scheme used in Pakistan, and reasonable but not optimal surface water deliveries,
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The data utilized in this paper result from the salinity and groundwater studies undertaken by
Kijne, Vander Velde and Johnson (Kijne and Vander Velde 1992; R. Johnson 1991; Vander Velde
and Johnson 1992), the surface water studies undertaken by Vander Velde, Murray-Rust and
Bhutta (Murray-Rust 1988; Murray-Rust et al. 1992; Vander Velde 1991; Vander Velde and Bhutta

1992a and 1992b), and the study on late irrigation of wheat done by Bhatti and Wolf (Bhatti et al. -

1988 and 1989). All of these studies were supported by funding provided by the Government of
the Netherlands and/or USAID. . T

THE ROLE OF GROUNDWATER IN PAKISTAN

Although moedest in relation to the average annual canal withdrawals of about 129 billion cubic
meters, the annual useable groundwater recharge in the Indus Basin is estitnated to be about 29
billion cubic meters, or slightly over half of the average annual recharge to the aquifers which
underlie the Indus plains.’® As shown in Table 6.1, agriculture in Punjab Province has access to
the largest portions of both surface water and groundwater. '

Table 6.1. Pakistan: Average annual canal withdrawal and usable groundwater recharge.

Province Canal withdrawal Useable recharge *
{billion m?) (million (billion m®) | - (million
acre-feet) acre-feet)
NWFP 7.5 6.1 1.5 12
Punjab 66.4 538 24.1 19.5
Sindh / Balochistan 55.2 44.8 33 .27

* Salinity < 1,500 mg/l
Source: WAPDA 1990, pp 34 and 3-33,

Conjunctive use of canal water and groundwater has become the lifeblood “of irrigated
agriculture throughout much of the Indus Basin. Following the first experiments with tubewells
for water-table control in the 1950s and the subsequent implementation of the large-scale public
sector Salinity Control and Reclamation Project (SCARP) in the 1960s, there has been a virtual
exponential growth in groundwater development, especially in Punjab. The significance of the
expanded role of groundwater in Pakistan’s irrigated agriculture can be readily grasped from a
simple, straightforward comparison of the design expectations of the original canal system with
current reality. o

From the first phase of coordinated canal designs in the late 19th century, areas served by
perennial systems in Pakistan were expected to have annual cropping intensities ranging from 50
percent to 75 percent, two thirds of which were to occur in the winter (rabi) and one third in the

33 Useable recharge is defined by Water and Power Development Authority (WAPDA) as groundwater of a salinity level
less than 1,500 -mg/l. To this total, another 6.7 billion cubic meters of annual groundwater recharge exceeding that
salinity parameter, but remaining less than 3,000 mg/], could be added. These salinity parameters, used by WAPDA 10
define "fresh” and "marginal " water quality, are equivalent to 2.3 dS/M and 4,7 4S/M, respectively. For most anthorities,
however, the more generous definition of useable recharge would be qualified by various caveais regarding its use in
irrigated agriculture, ' -




163

summer (kharif). In other words, for half the year, it was intended that no more than one half of a
canal command would be irrigated, while in the other half merely one sixth to one fourth of the
service area would be planted to irrigated crops. Although some farmers could and do achieve
higher cropping intensities than this using surface water alone, rarely are they able to exceed 100
percent for the year, and that usually is achieved at the expense of farmers in tail-end commands
who get little or no canal water at all for much of the year.

With extensive groundwater exploitation, however, cropping intensities in the Punjab canal
commands now commonly exceed 125 percent, increasing to over 150 percent in some watercourse
commands, For more limited extents of canal service areas, groundwater sustains permanent crops,
the intensive cultivation of fruits and vegetables, or other short-duration, high-value crops that can
be harvested two or three times in a year. For large areas of the province, however, there is mounting
evidence that as a result of current levels of groundwater pumping, water tables have dropped so
far that opportunities for further increases may be severely limited (NESPAK-SGI 1991).

Most of the groundwater exploitation in Pakistan is done in the context of conjunctive use
with surface water. Irrigated agriculture using only groundwater is limited to mainly three
situations: gaps in the canal systems of the Indus Basin where surface water has not been made
available, small systems outside the Indus Basin, and small systems in the tail reaches of canal
commands that have lost access to surface water through inequitable distribution of canal water
supplies. The vast bulk of the most productive areas of the Indus Basin, and Punjab in particular,
are those where there is conjunctive use of canal water and good-to-medium-quality groundwater.
Only where groundwater is highly saline is there a reliance on canal water deliveries for sustaining
irrigated agriculture,

To understand the dynamics of the current situation, it is useful to briefly review the way in
which groundwater development has occurred in Pakistan over the past thirty years.

UNDERSTANDING CONJUNCTIVE USE

Virtually all of the surface irrigation systems in Pakistan’s Punjab were developed withia the
framework of the North India Canal Act of 1873. This act institutionalized the concept that water
allocations would be insufficient to meet the full potential crop water demand over all of the area
developed with irrigation facilities, During the following decades, a method of sharing water by
time also emerged and became codified. This system, known as warabandi, was developed in order
to allocate a scarce resource as equally as possible between as many farmers as possible and to
simplify subsequent administrative requirements. In practice, there are two distinct types of
warabandi — either sanctioned by the Irrigation Department (so called pucca), or nonsanctioned
by the government but locally agreed upon (kaccha) — with each also characterized by different
sharing arrangements and cycles. However, all warabandis have in common the basic characteristic
of a fixed time and share in irrigation on a timetable that is known to every farmer served by the
same watercourse.

Conditions Prevailing Before Groundwater. Exploitation

When groundwater is not available, farmers have to make decisions on the area to be irrigated
during each warabandi turn: some crops mi ght be irrigated every turn, others only once every two
or three turns. Although there are some opportunities for buying and selling water out of turn, these
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are likely to be limited because all farmers face the same potential water deficit. Farmers are only
likely to sell part of their turn if they have cultivated less than their full potential, or if the potential
profit from selling water appears especially attractive. o '

Historically, a little groundwater development had occurred in parts of the Indus Basin through -

dug welis to which primitive water lifting devices were subsequently added, or later still, with
animal power being harnessed (e.g., the Persian Wheel). This was generally restricted to such
locales as riverine terraces where water tables were favorable, and even with the advent of the
Persian Wheel, well irrigation remained slow, costly and limited in command area. - '

Public Deep-Tubewell Development: 1950-80

Modern groundwater development in the Indus Basin occurred primarily through publicly financed
and operated deep tubewells. These tubewells were invariably electric powered, with multi-stage
turbine pumps in the bore itself, and designed to deliver about 85 V/sec. o

In Pakistan’s Punjab, several experimental attempts by the government were underway in the
1950s to use deep tubewells either to reduce water tables in waterlogged areas or to increase
supplies of water for irrigation. By the early 1960s Pakistan had embarked upon a large-scale
program of deep-tubewell development, the SCARP, primarily to combat widespread
waterlogging and associated salinity. Over the past 30 years, more than 12,500 public tubewells
have been installed nationally through various SCARP projects. An important, initially secondary,
objective of this program was surface water supplementation by public wells, usually discharging
directly into the existing watercourse network where groundwater was classified as suitable for
agriculture.> The resulting conjunctive use of canal water and groundwater did not change the
basic approach to irrigation through a time-based roster of turns, the warabandi. Rather than
providing greater flexibility in access to water, the primary effect of the public tubewell was to
augment the discharge in the watercourse. ' '

Public tubewells, notably those pumping water defined as fit for irrigation work in SCARP
schemes, are supposed (o operate according to schedules developed by the Irrigation Department.
The schedules are intended to conform to broad guidelines concerning the target percentage of
annual capacity and the time of operation. For various reasons both guidelines and operating

schedules have ceased to have much relevance to actual public tubewell operations (S. Johnson -

1982).

The institutional setting is sufficiently complex that it has become difficult to achieve much
coordination. The SCARP wells were instailed by WAPDA and operations are controlied by a
division of the Irrigation Department that is independent of the division that handles canal
operations and drainage. The actual operation of the public tubewell is under: the-(presently
nominal) control of an operator, a low-level irrigation department employee ‘in the tubewell
operations unit, whose job is to turn the tubewell on and off according to schedule; including the
requisite four-hour "rest” period, to keep the equipment functioning as well as possible, and to
maintain a logbook of well operations. Tubewell maintenance and repair is carried out by a separate
maintenance unit within each tubewell division. In theory, there was no role for farmers to play in
public tubewell O&M.: in practice, farmers have become the operators of most public wells as well
as active in organizing their maintenance. B -

Not all farmers benefitted equally from this type of groundwater development; real equity in
access to water pumped by public tubewells can only occur when they are located at-the head of

34 Over 11,000 SCARP tubewells are classified as pumping fresh groundwater (WAPDA 1988). -
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the watercourse. Often, public tubewells are located elsewhere within a watercourse command
area so.that only those farmers downstream of it are able to benefit. Additionally, some tubewells
serve parts of two or more watercourse commands; in other cases, siphons carry part of the tubewell
discharge across distributaries; and other wells serve areas both outside the canal command and
within it. Hence, local arrangements for accessing public tubewell water are often relatively
complex. In certain instances, some farmers may have both a canal-water warabandi and a separate
tubewell-water warabandi, while others have a single turn that mixes tubewell and canal water,
and still others have a turn on tubewell water but remain outside of the canal-water warabandi.

Private Shallow-Tubewell Growth: From 1970 to Date

There is no doubt that with the development of the SCARP tubewells for irrigation purposes,
growing numbers of Pakistani farmers have become accustomed to, and have increasingly desired
greater access to groundwater to supplement their surface water deliveries, With the development
of less expensive diesel engines and centrifugal pumps, modern shallow-tubewell technology has
emerged as a viable option for groundwater exploitation. '

Beginning in the 1970s, assisted by government programs that encouraged private-tubewel]
development, the entire situation of groundwater exploitation has changed (R. Johnson 1989).
Individual farmers have found it relatively easy to invest in small pump and engine sets capable
of delivering 15-30 I/sec. With the equipment sited on the surface rather than sunk in the well, the
borehole drilling costs are modest and maintenance of both pump and motor is comparatively easy.

More than 300,000 private tubewells are installed in Pakistan today, and many farmers in
Punjab now have access to three distinct sources of water for irrigation: canal water according to
the original warabandi, groundwater from deep, public tubewells according to the local schedule
followed, and groundwater from privately owned and operated shallow tubewells. Where these
conditions exist, farmers generally have access to irrigation more or less at any time they want,
They can trade water more easily, either through buying and selling or on some other basis: and
they can move water across previously impermeable watercourse command boundaries. In short,
large parts of the Punjab Irrigation System have become a complex conjunctive management
environment.

CONJUNCTIVE USE: SUBSTITUTION OR COMPLEMENTARY USE?

A critical aspect of conjunctive use which must be thoroughly understood is that groundwater and
surface water are not necessarily exchangeable on an equal basis. This situation only occurs when
their price is essentially the same and where water quality does not threaten yield or soil
deterioration. Where there are price or quality differences, the farmers have to make tradeoffs
between the sources of water.

In one typical situation of conjunctive use that was examined in IIMT’s program in Indonesia,
groundwater is being used to supplement shortfalls in surface water supplies. Tail-end farmers
may, albeit at additional cost, attain cropping intensities at or close to those of head-end farmers
who have more than sufficient surface water. Pumping will occur during periods of peak demand
to ensure that crops do not suffer drought, but the entire groundwater irrigation system in this
situation is supplemental to the surface system. During the wet season, there is no pumping and it
is usual to find pumping only for short periods during the dry season.
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By contrast, in Pakistan, groundwater is not commonly used to meet temporary shortfalls in
supply. Groundwater often constitutes a high percentage of total water vsed conjunctively in
itrigated agriculture in many canal commands, and the agricultural pattern is completsly dependent
upon the ability to pump for extended periods of time. o s

Conventional Wisdom on Conjunctive Use in Pakistan

Early in 1991, Pakistan’s four provinces finally reached agreement 'on the apportionment of the
water resources of the Indus River System (Badruddin 1991). This accord and the extensive Water
Sector Investment Planning Study (WAPDA 1990) which preceded it have placed Pakistan’s
groundwater resources more prominently on the national resources map. While, for many years,
the contribution of groundwater to irrigated agriculture went largely unrecognized in terms of the
planning of overall water resources, it is now acknowledged as being of considerable importance.
However, the views which have developed about how it is used still require examination.
Conventional wisdom in Pakistan requires that farmers use groundwater: primarily to
supplement water received from the canal system — except, of course, in those areas outside the
canal command — and it is likely that this view was largely shaped by the SCARP experience.*
This view is rather neatly reinforced by further rationalizing that although it is-unfortunate that
canals no longer deliver water equitably along their length, everything turns out all right in the
end, because farmers can and do use groundwater instead, mostly derived from canal system losses,
to make up for the deficit.’® True, it is acknowledged, this places an additional financial burden
on farmers in areas with poorer supplies of surface water due to the cost of groundwater extraction,
but that is or will be offset, at least to society at large, through increased overall water us¢
efficiencies. .
A second, still evolving concept in some quarters of Punjab is that there are even possibilities
of "saving" surface water due to the high level of groundwater use in fresh groundwater areas. It
is thought that this saving of surface water can be achieved through an extensive program-of canal
lining, which reduces seepage losses and allows slight reductions in allocations to lined channels:

The quantum of water thus saved will offset surface supplies "lost” in the 1991 :apportionment

accord, with the further possibility that more water then can be directed to areas where groundwater
is saline.

In some contrast to these two interrelated views is the knowledge emerging in IIMI that even
where farmers rely heavily on groundwater for agriculture, their decision making remains strongly
influenced by their relative access to surface water. There are two sets of reasons that underpin
this line of argument. The first is that surface water in Pakistan is of superior quality and, in practical
terms, it is nearly free. The second is that surface water supplies are relatively more predictable
than groundwater; they are not subject to sudden termination due to mechanical breakdowns or
power failure. In short, a little good quality surface water goes a long way in helping farmers decide
what to grow, when to grow it, and how much of it to grow.

A major objective of this study, therefore, has been to determine wheth_ér ot not such:

relationships exist between the water source and cropping decisions made by farmers. 1f they do,

35 "The main incentive necessary for (private groundwater development) appears to be the farmers’ demand fo.r more water
which cannot be fulfilled by other means . . . .* (WAPDA 1990:3-37). ’ :

16 "(Fresh gronndwater) does, however, offer considerable potential for supplementary supplies when surface supplies are
short.” (WAPDA 1990:9-9). ' R : -
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then there should be a marked spatial dimension to groundwater utilization and agricultural patterns
that is closely related to the relative location within the distributary canal system.

The policy implications of such findings are important. If farmers freely substitute
groundwater for surface water, then a policy to redistribute surface water within and between canal
commands to mitigate and manage salinity could be pursued without any serious impact on
cropping. On the other hand, if farmers continue to make decisions based upon their access to canal
supplies, then it is likely that there will be significant cropping pattern changes in response to
surface water redistribution.

Somewhat surprisingly, there has been little effort to date in Pakistan to determine which of
these scenarios is more likely 1o be true. Thus, it is useful to look at two aspects of groundwater
exploitation that may be reasons for farmers to use water differently than suggested by conventional
wisdom.

Groundwater Quality and Reliability

In this context, there seem to be two key areas in a farmers’ trrigation decision-making matrix
where information and a capacity to use it effectively are critical: difference in quality of available
surface water and groundwater, and total water availability in the period of peak demand in each
season.

Quality

In quality terms, it is readily apparent that surface water and groundwater supplies are not simply
exchangeable. Whether the bulk of available irrigation water is fresh or saline makes a great
difference in basic cropping choices. Some crops are particularly sensitive to salinity, and thus
cannot be productively cultivated if only poor quality irrigation water is available, Therefore, in
conjunctive use environments where surface water is of good quality but relatively less abundant,
and groundwater is of poorer quality but relatively more abundant, most farmers are likely to seek
to mix groundwater with as much surface water as possible to maximize their irrigated area. This,
in turn, implies that the availability of greater quantities of surface water also favors a greater use
of groundwater, an additive rather than a simple substitution relationship of one for the other. If
this is so, then total irrigation water use trends should reflect general surface water trends, rather
than being essentiatly neutral to location as would be the case if groundwater was simply being
used as a substitute for canal water,

Reliability

The second factor, water availability, is probably directly related to reliability. Surface water
supplies, particularly in the head reaches of canals, are highly reliable in the sense that water is
almost always avatilable. There are differences in the volume delivered on a day-to-day basis, and
these can be quite large, but there is a strongly positive relationship between discharge received
on one day and the probable discharge delivered on the next. This means that both short-term and
long-term decision making is comparatively straightforward, and cropping decisions in areas
where only surface water is available seem comparatively easy to predict and explain.
Pump-based irrigation requires a different assessment of reliabitity. When a tubewell —
whether deep or shallow — is operating, the discharge is nearly uniform. But uncertainty tends to
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enter during the time of operation. One concern is mechanical unreliability: a tubewell and pump
set can break, so that no more water is available until the equipment is repaired. In'the case of a
major breakdown in a deep tubewell, such as the burnout of electric motor windings-or repairs that

need to be done to the turbine in the bore itself, it is not uncommon for farmers to-immediately

abandon part of their crop. Shallow tubewells repairs are easier, though not necessarily easy, but
the owner usually requires cash in hand or a willingness to incur a debt to get the repairs done
quickly. ' w ‘

The second cause of groundwater unreliability is an unreliable tubewell power supply.
Virtually all public tubewells and approximately 15 percent—20 percent of private tubewells are
electrically powered.”” Unfortunately, electricity in Pakistan continues to be a highly variable
commodity, both in terms of supply and voltage. Power cuts — scheduled and unscheduled —
have been and remain a common occurrence for the rural feeder lines that supply power: to
tubewells during the two months of greatest irrigation demand and during periods when crop water
needs are low.3®

Electric power operations data for several weeks during the 1989 kharif season for the two
feeder lines that serve 25 of the 30 watercourse commands of the Lagar Distributary illustrate the
problem faced by farmers using electric tubewells to pump groundwater (Figure 6.1). On average,
these feeders were off two-to-three times more hours than that scheduled throughout the period
covered by these data; moreover, stoppage of power supply occurred two or three times daily. Field
measurements of private electric tubewells recently undertaken by Pakistan’s National Energy
Conservation Centre (ENERCON) have revealed that line voltages commonly deviate +/- 50 volts
from the standard, while phase-to-phase differences frequently exceed 5 percent. Both conditions
contribute to high rates of electric motor burnout and frequent costly repairs.

Nevertheless, electric power remains attractive because it can be obtained at a relatively low
cost, often at a flat rate regardless of consumption and sometimes even illegally, by tapping
transmission lines or bypassing meters in connivance with power agency staff. The'ease of electric
tubewell operation may also be a factor. While it is true that diesel power s inhierently more refiable
than WAPDA -supplied electricity, it requires immediate up-front payment, plus fue! transportation
from a limited number of supply points, and storage in reasonable quantity at site; Tobewells
operated by tractor power take-offs also play an important role. Although cheaper to install in
relation to either diesel or electric tubewells, they tend to be a less favored source 0f groundwater
because of their higher operating costs. ' :

In the context of such uncertainties, it is reasonable to hypothesize that access to surface water
of good quality and relatively high dependability is likely to influence farmer cropping decisions
more fundamentally than access to larger velumes, but poorer quality ‘groundwater obtained
through equipment or power sources of dubious reliability. These hypotheses are riow examined
in the light of the available data. ' R

37 A total of 1,212 private tubewells have been identified in the nearly 50 watercourse commands surveyed by the [IMI
field staff in the Lower Chenab Canal (LCC), Fordwah and Eastern Sadgia canal commands by mid-1992. Of this total,
16 percent were electric-powered, 49 percent diesel-powered (either high-speed or low-speed engines) and 35 percont
were operated by tractor power takeoff, These figures contrast sharply with the data reported by NESPAK-SGI in their
recent Pakistan-wide study of private tubewells; 39 percent of all Punjab tubewells and 45 percent of all wells in Pakistai
are identified as electric-powered. No mention is made in this study, however, of tractot-powered tubewells.
(NESPAK-SGI. 1991. Final Report, Annex I. pp. 9-11.) . S )

3g Officially, loadshedding ended in Pakistan in mid-1991. However, frequent, often extended disniptions in power
supplies continue, especially in rural electric grids. They occur: (1) during the annual canal closure period, traditonally
the month of January in the cool rabi season when hydropower generation is purposely reduced in prdef to minimize
non-multi-use water releases from Pakistan's few reservoirs; and (2) in the months of the biot khad¥ season, when peak
crop evapotranspiration rates directly compete with urban dwellers’ refrigeration and air-conditioning requirements. *
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Figure 6.1. Lagar Distributary Command electricity supply: Load-shedding operations in kharif,
1989,
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OBSERVED TRENDS OF GROUNDWATER USE AND
AGRICULTURAL PATTERNS

The data collected by IIMI over the past four years from 41 watercourses in four distributary canal
commands in the Lower Chenab Canal (LCC) system provide several insights into conjunctive
use of surface water and groundwater. Water supply and water quality data were standardized by
defining locations in terms of percentage distance along the canal from head to tail; crop data were
standardized in terms of proportions of watercourse CCA (Culturable Command Area), the overall
arca of each watercourse irrigable by the surface system. Surface water and groundwater volumes
were determined based upon measurements at the outlet, and at the tubewell discharge pipe,
respectively; they were not adjusted for within-watercourse and farm-conveyance losses and
application efficiencies. The data have been analyzed from two dimensions: the apparent
perception of farmers about the likely availability of water that affects the overall pattern of
trrigated agriculture, and the farmers’ short-term water use response in an environment where there
is ample opportunity to pump groundwater to complement surface water supplies.
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Broad Patterns of Irrigated Agriculture

In an effort to determine the extent to which farmers are guided by or respond to the availability
of different types of water, data were analyzed with respect to the relative location along the
distributary. The following broad trends emerged from subsequent analyses:

Surface water deliveries to outlets decline along canals from approximately 2 mm/day
near the head to about 0.5 mm/day at the tail (Figure 6.2). The rate of decline of surface
water deliveries is significantly related to watercourse location along the distributary at

the 5-percent level, although there is a great deal of variability. Wher analyzed for

individual canals, the decline in access to surface water shows a much greater association

with percent distance along the canal.

Figure 6.2. Actual irrigation water available at watercourse level.
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Total groundwater use also declines along canals from about 4.5 mm/day 4t the head end
to about 2.5 mm/day in the tail-end watercourses. This relationship, howeveér, is not
statistically significant. o :

Total water use expressed in terms of the overall irrigable area declines from head to tail -
of the canal. This relationship is statistically significant at the 5-percent level. -

This means that the percentage of groundwater in the total quantity of irrigation water used
by farmers increases along the canal, from roughly 65 percent at the head to 85 percent at the tail.
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Accompanying the decline in access to surface water and an increased dependence upon
groundwater is a dramatic decline in groundwater quality from the distributary head to the tail;

*  Average electrical conductivity (EC) for each watercourse increases from about 0.9 dS/m
at the head to 2.1 dS/m at the tail (Figure 6.3). These figures are based upon water quality
measurements from all tubewells in each watercourse, typically in the range of 10 to 30
wells. Thus many farmers are using groundwater which is very poor in quality (up to 4.0
dS/m, a salinity level that severely affects crop production).

Figure 6.3. Average tubewell-water guality in watercourses.
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s  Sodium Absorption Ratio (SAR) increases in exactly the same pattern, from 2 at the head
to about 14 in the tail-end watercourses.

Both water quality measures show the same rate and direction of change within canal
commands, at levels of significance exceeding 1 percent, and the relationship is persistent despite
the wide geographical spread of the data.
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Despite these two factors — decreased water use and declining water quality — there is no
apparent relationship between canal location and density of tubewell installation. In the Lagar
Distributary, for example, where a complete tubewell census was taken, there is no visual
indication of a spatial pattern of tubewell installation (Figure 6.4), and this observation is borne
out by data from several different watercourses in other canal commands (Figure 6.5).

Figure 6.5. Number of tubewells per watercourse.
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Despite these trends, there are significant differences in water utilization rates between
watercourses, and from one time of the year to another. The range of conditions is illustrated for
three watercourses in the Lagar Distributary Command: a head-end watercourse (2R) that has
design levels of surface water supplies and high rates of groundwater use, a watercourse near the
middle (9L) that has adequate surface water but highly seasonal pump utilization, and the tail (21 TL
and 22TF combined) which has marginal surface water deliveries and, at least in the summer, is
completely dependent on groundwater for agriculture (Figures 6.6, 6.7 and 6.8).

The agricultural consequences of these conditions are clear and consistent across the two study
areas in the resulting summer and winter cropping patterns, and are readily explained by important
differences in conjunctive use between the two seasons.

Summer Cropping Patterns

The summer season in Pakistan is hot, frequently humid in the middle months, and thus ideal for
growing rice. In some locales, cotton is a major acreage competitor, but the study areas do not
cover any of Pakistan’s main cotton growing regions. Based on Figure 6.9, the following
observations can be made:



174

Figure 6.6. Summer (kharif) cropping intensity.
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Figure 6.7. Winter (rabi) cropping intensity.
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Figure 6.8. Surface water and tubewell water use: Watercourse 3R, Lagar, 1989,
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Cropping intensities (the percentage CCA cropped) drop from 80 percent in head-end
watercourses to about 60 percent at the tail. This change is clearly mirrored in the decline
in total irrigation water use from the head (6.5 mm/ha CCA/day) to the tail (3 mm/ha
CCA/day), on average, from 1 July to 30 September).

Cropping patterns reflect the change in overall irrigation water supply: the area under rice
drops from nearly 40 percent of the CCA at the head-end watercourses to about 20 percent
at the tail. A similar relationship is observed for other comumercially important crops:
cottorrdetlines from 13 percent to 9 percent, sugarcane from 12 percent to 7 percent, and
even orchards show a slight decline, from 3 percent to 1 percent. Farmers partially
compensate the declines by growing more fodder; fodder has increased from 14 petcent
to 20 percent of the tail-watercourse CCA.

There is no evidence in the data that kharif cropping patterns are spatially neutral. The paraliel
trends of surface-water deliveries to watercourses and downstream declines in groundwater
quality, thus strongly support the hypothesis that availability of surface water continues to
influence the cropping patterns. It is obviously very expensive to cultivate rice using only pumped
water, particularly when evapotranspiration is close to 7 mm/day. This helps to explain the huge
increase in canal water theft between June and August, a phenomenon which decreases as
evapotranspiration decreases.



176

Figure 6.9. Surface water and tubewell water use: Watercourse 9L, Lagar, 1 989, .
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Winter Cropping Patterns

The situation in winter is completely different, reflecting the changed balance between water
availability and demand. The main observations (Figure 6.10) are: ST
e Cropping intensities show no relationship to location along the canal (they actually
increase marginally down the canal), and are very high, averaging 85 percent of CCA.

e The area planted to wheat increases dramatically downstream of the distributary, from
50 percent of CCA at the head, to 70 percent at the tail, a relationship thatiis statistically
significant at the S-percent level. SRR T T

e Sugarcane and orchards show the same trend as in the summer, because they are annual -
or perennial crops; there is a marginal decline in both from head to tail watercourses, and
in total they occupy about 12 percent of CCA. - oo

e ‘The balance cropped area is made up of fodder and vegetables. Vegetables are of high
value, but also highly vulnerable to salinity, thus farmers who must use much: poorer
quality groundwater normally will not grow vegetables. Lo :

The pattern found in winter is readily explained by water availability in relation to demand.
Surface water delivery rates at the tail end are more or less at design (1.2-1.7 mm/day), which
approximates evapotranspiration. Groundwater use, therefore, is significantly less than in the -
summer, both in terms of the total amount and the percentage used. As evapotranspiration increases




77

Figure 6.10. Surface water and tubewell water use: Tail watercourses (21 and 22), Lagar, 1989,
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during the latter part of the wheat crop, pumping of groundwater also increases indicating that
some measure of late irrigation is practiced in response to actual Crop water requirements.

Only in areas where groundwater quality is reasonable and market access favorable is
groundwater likely to be pumped in large quantities during periods of relatively low
evapotranspiration, because these locations are advantageous for intensive vegetable cultivation.
Indeed, in such locales, land too high for surface irrigation, the gross command but not CCA, has
often been brought under cultivation by groundwater development.

Water Use per Irrigated Area

The data indicate that once farmers have made basic decisions about the area to be cropped and
the range of crops to be grown, they then use water relatively efficiently. This is demonstrated by
the actual water utilization rates for the peak period during kharif, July to September. In head-end
watercourses, the average total irrigation water use is about 6.5 mm/ha/day (surface water at 2.0
mmv/ha/day and tubewell water at 4.5 mm/ha/day), with a cropping intensity of 80 percent. This
means that the rate of irrigation water delivery is around 8 mm/ha/day for the actual cultivated
areas, compared to an evapotranspiration rate averaging 4.85 mm/day. If the average crop-water
requirement is more or less equal to evapotranspiration during the summer months, and an
additional requirement of 5 mm/ha/day is included for seepage and percolation in areas planted to
rice, the total water requirement is about 7.5 mm/ha/day. Excluding the effects of rainfall, therefore,
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the overall relative water supply for irrigated areas is about 1.07, indicating that farmers are not
pumping, appreciably, more water than they need (Figure 6.11). S

Using similar estimates of crop coefficients and seepage and percolation rates for the tail-end
watercourses, the total water requirements for actually irrigated areas are about 6.5 mm/ha/day.
The actual irrigation water deliveries to the cropped area are nearly the same (6.0 mm/ha/day
tubewell water and 1.0 mm/ha/day canal water) as in head-end areas, so that relative water supplies
are again close to 1.0. C

Effective rainfall during this period averages 4 mm/day, so that the total water supply for the

irrigated area is 12 mm/ha/day. With demand at about 7.5 mm/ha/day, the refative water supply

then increases to 1.5. However, rainfall is uncertain even during this séason, and rice must often
be planted before the main rains have become established. Because rice is an important component
of the cropping pattern in all of the sample areas, and because rice yields drop rapidly if there is
drought-induced stress, it is logical for the decision on how much rice to plant to be based on the
expected availability of dependable surface water and tubewell supplies rather than'guessing on
likely rainfall dusing the months ahead. ‘

Figure 6.11. Irrigation water use: Watercourse-level supply and demand.
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"The importance of rice in the cropping system is seen by analyzing irrigation: water use in the

summer months (Figure 6.12). When more than 30 percent of the croppe'd’area:is‘l_ihder rice, the

relative water supplies increase from more than 1.0 up to nearly 2.0-when rice exceeds 50 percent -

of the cropped area. Conversely, as rice declines in importance, the relative water supply:also drops.

This relationship strongly suggests that farmers are fully conscious: of -the-different water-

requirements of rice and other crops. If the relative water supply for rice-drops much below. 1.0 at
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Figure 6.12. Irrigation water use and rice cultivation.
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the field level, yields will decline rapidly, but for most other crops when the relative water supply
is less than 1.0, yields decline more or less in proportion to the degree of crop stress.

If the assumption is made that rice is normally given sufficient water to avoid stress, (i.e. at a
refative water supply of 1.0, or 10 mm/day in the study area), the relative water supply for all other
crops also can be calculated. The results, expressed here in relation to distance, suggest that despite
the high proportion of groundwater use, the relative water supplies in tail-end areas are about 0.5,
rising as expected to about 1.0 at the head (Figure 6.13).%

The very close values of the kharib season relative water supply for the head and tail
watercourses in all sample canals strongly suggests that throughout these areas farmers are using
groundwater conjunctively to meet crop-water requirements with some precision. However, it is
important to also include a leaching requirement in the calculation if secondary salinization is to
be avoided, even more so in the tail reaches of distributaries.

Groundwater EC in the tail-end watercourses averages 2 dS/m and exceeds 3 dS/m in many
wells; under these conditions the leaching requirement is quite high. An application of 2.5
mm/ha/day of water with an average EC of 2 dS/m means that the total amount of salt applied at
the soil surface is very high. A daily water volume of 25m? per hectare with a dissolved salt load
of 1,250 ppm means that approximately 32 kg of salt is applied per hectare per day. Given the
actual relative water supply values found for these areas, it is not surprising that secondary soil
salinity is building up rapidly, and it is only with adequate rainfall that any significant leaching is
likely to occur.

39 The authors are grateful to Gil Levine for his insight into the use of relative water supply in understanding farmer
irrigation practices in this context.
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"* Figure 6.13. Irrigation water supply for nonrice crops.
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INTERPRETING THE FINDINGS

The overwhelming conclusion that can be drawn from these findings is that fa:rﬁem‘:ichﬁf.séa_son
cropping choices, in terms of both the total area cultivated and the crop-mix, are closely. linked

with the relative location of their watercourses along the distributary. There appear.to be-two

possible explanations for this:

e Farmers are influenced in their cropping decisions by the deterioration ln g?oundwater '

quality downstream, within the canal commands, and relatedly along the watercourses.

e  Farmers are infiuenced by the relative access to good quality surface waterrather than by-

the ready availability of groundwater when making crop choices.

In reality, it may not be possible to differentiate which of these two cxp.lana‘t_i(; 8 S0Pt
for most farmers. However, it seems clear that the phenomenon of secondary salinization is closely
linked to the process of irrigation subsequently being practiced by these farmersin {

towards the tails of distributaries.

In summer, especially early summer, evapotranspiration rates are extremely hnghlf p[ﬁnts o
use most of the available water for growth, then the residual moisture in the soil will inevitably - -

is operative. -

; LCC system..
Furthermore, if the data presented here are reasonably representative of water use rates elsewhere.
in Pakistan's Punjab, then it is probable that the high percentage use of poor quality groundwater, -
in tail-end watercourses is a major, if not primary, contributor to the rise in secondary soil salinity -
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have a higher salt content than that of the irrigation water being applied. Because groundwater
quality and water use are higher in head-end areas, however, the development of secondary salinity
there will have been less than that in the tail-end areas in the past two to three decades of
groundwater exploitation.

Just how farmers could be so sensitive to the relatively gradual decrease in groundwater quality
along each canal remains a puzzle. It is true, of course, that when salinity has reached a certain
level it is possible to detect its presence without sophisticated equipment: soils may show salt
residues on the surface, or tubewell water may taste brackish. Before that point isreached, however,
salinity may be affecting both crops and soils, but in a more insidious, less obvious manner.

If the two conclusions, that (1) a primary cause of decreasing groundwater quality downstream
in distributary commands is the greater proportion of its use relative to surface water to meet
irigation requirements, and (2) that secondary salinity is largely a consequence of present
conjunctive imrigation practices characterized by high water use efficiencies are correct, the
implications for sustainable irrigated agriculture in Pakistan’s Punjab are ominous.

Two sets of options are proposed below that may guide policymakers towards determining
what course to take in the future in efforts to sustain irrigated agriculture in Pakistan. They are
divided into short-term and long-term options.

Short-Term Options

The short-term options all revolve around the principle of redistribution of existing water supplies
to counter the current trends towards increasing groundwater and soil salinity. They are based on
the various policy options included in the national Water Sector Investment Planning Study
referred to in the section on “Conventional Wisdom on Conjunctive Use in Pakistan” (p.166).

e  Present trend: Farmers in watercourses in the upper half of distributaries continue to
capture greater percentages of surface water to maintain their current cropping patterns;
in lower-reach watercourse commands, increases in salinity and decreases in kharif
cropping intensities continue and farmers are becoming poorer.

Realistically, given the research findings reported herein, it is difficult to conceptualize
approaches to the problem that would reduce the overall potential for increased salinization. For
example, events following efforts to reallocate surface water within a distributary canal command
with both a significant decline in groundwater quality and an increase in secondary soil salinity
from head to tail might well look like this:

o Intervention: Deliver less water to canal head-end watercourses and redirect flows to
tail-end outlets; water distribution equity is restored in the canal and/or reverse inequity
is established.

e Probable response: Head-end farmers refuse to accept a lower percentage share of good
quality surface water and do not switch over to using more groundwater.

»  Likely result: No change in irrigation water supply conditions in downstream watercourse
commands; continued increase in secondary salinization and deterioration in groundwater
quality.
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Head-end farmers already exploit locational advantage to appropriate as much mrface ‘water .
as they can in the periods of peak demand and they also have a high density-of: tubkwells which .
are not used to full capacity. There is no particular reason why they should willingly agres to'a
reduction in their favorite irrigation water source and their profitable agﬂcufui?ﬁl’ﬁm ‘Onithe
other hand, f it is assumed that head-end farmers respond by acceptmg such i mhagement o
intervention; then:

e Probable response: Head-end farmers forego their locanonal advamagé, acoept less -
surface water and increase their groundwater pumping rates to these fotind in tail-end
areas. ‘

o Likely result: Cropping patterns in downstream watercourse commands elyange:.to“ ones
more like those in distributary-head-reach areas as do the relative water supply conditions;
processes of secondary salinization and groundwater quality deterioratmﬂ contmue ata
slower rate downstream, but increase in upstream locations. - e L

Shifting to greater groundwater use in areas where EC values are still relatively Jow, lessthan
1.2 dS/m, may appear intuitively attractive, butif the proportion of groundwaterusedhere increases
from 60 percent or 70 percent to the 85 percent currently found in tail-end areas, it is pmbable that -
soil and groundwater EC levels will also begin to rise in these locations.

Alternatively, in an intervention where more, higher quality surface water is made available
through an intra-system or inter-system reallocation of supplies, the fo]!owmg seqnence of events
may occur:

e [ntervention: Increase surface water supplies to an entire dasmbutary command so that
farmers in middle and tail reaches can get an increase over cun'ehﬂy Sancnoned_ :
allocations.

®  Probable response: Farmers throughout the command attempt to increase summer
cropping intensities and grow more rice by pumping more groundwater to match surface
water quantities now available. .

e Likely result: Farmers in head-end areas may attempt to capture still more water at the
expense of middle and tail watercourses; there may be an amelioration of the rate of
salinization in tail-end areas of favored distributary commands; canals. th' “hs ”"e “lost"
fresh water will likely experience more rapid increases in sallmty because Df mcreased _
use of groundwater. . '

In some respects, this second option is a classic zero-sum game: every area that benefits by
obtaining more surface water can only do so at the explicit expense of areas which will have less -
surface water. The benefits in the short run may look favorable, but the iong—n.m im phcahons still
continue to be ominous. B

Long-Term Options

However, on a long-term basis, none of the above scenarios may work: The cenitral issne hereis .
the ratio of surface water to groundwater in conjunctive use in icrigated’ agnculture identified in
this research. On average, it is about 2:5 throughout the distributary command; Tesultmg in an
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average irrigation water EC of 1.4 dS/m. This value exceeds the current international FAO* based
standard that sets the upper limit for "good" guality irrigation water at EC 0.7 dS/m; but it is within
the safe upper limit of WAPDA’s guidelines, based on 1954 standards.

To bring that average water quality condition down to 1.0 dS/m, still about 40 percent higher
than the FAO maximum value, a canal water/tubewell water conjunctive use ratio of 3:4 would be
required. Assuming no change in the total volume of irrigation water used in the command area,
this means that the volume of canal water would have to be increased by more than 50 percent and
the volume of pumped groundwater reduced by more than 20 percent of current volumes. The
present physical condition of Punjab’s distributary canals precludes any possibility of
accommodating a 50+ percent increase in discharges without frequent, massive breaching, even
assuming that enough farmers could be convinced to reduce groundwater pumping by the required
amount which is no mean management feat 4!

Increasing the volume of canal water would also require additional surface storage. Efforts
over the past decade to construct new storage reservoirs, such as the Kalabagh Dam, have been
deadlocked because of seemingly unresolvable differences between the provinces.

An alternative, and one that in reality is already occurring in parts of Punjab, is the reduction
of the irrigated area. There is a trend towards a loss of tail-end land either through abandonment
or reduced frequency of cultivation. From a technical and agronomic perspective it is probably
rational to allow this to happen, and to concentrate higher quality water on a smaller area and allow
these areas to prosper through adoption of better agricultural practices. Whether there is the
political and social support to allow this to happen, of course, is another matter.

In short, there is no single, "magic bullet solution” in sight to the problem of sustaining a
productive irrigated agriculture, which is posed by secondary salinization and groundwater quality
in the current conjunctive-use environment of large, agriculturally important areas of Punjab. What
is very clear, however, is that the present conditions in that environment are dynamic and that the
direction of change is not encouraging.

RESEARCH ISSUES AND MANAGEMENT IMPLICATIONS

The research results discussed in this paper, which are necessarily based upon a limited sample
and data from just 41 watercourse commands out of the more than 89,000 that exist nationwide,
are probably not statistically significant. Nevertheless, the trends that have been identified are
sufficiently consistent between spatially separate locales to provide grounds for genuine concern.
These trends point to several important management and research issues in the area of conjunctive
irrigation, certainly applicable to Punjab and perhaps to other areas in Pakistan.

Research Issues

Areas where further research is likely to produce results and insights that will be useful in
developing suitable management responses and institutional changes include the following:

40 Food and Agriculiure Organization of the United Nations.

41 Additions to full supply discharges have been simulated using a flow model, /IMI Rajbah I, for known
distributary-channel physical conditions. The certain consequence of a 20 percent increase over present full supply levels
is breaching at any of the innumerable tocations in the upper half of the channel.
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¢  Determining realistic critical limits for surface water/groundwater ratios at different water
qualities for a range of physical environments of the Indus Basin, Field verification of
those values is necessary, spatially and over time, as are the corresponding relative watér
supply targets. The relationship of the resulting parameters to values of current farmer
irrigation water use over a similar environmental range will need to be considered in
designing extension service interventions that facilitate necessary changes.

¢ Development of a model that is able to predict salinity changes over time in relation to
different intensities of groundwater use for different surface water and groundwater
qualities. Such a model is essential for decision support of aquifer management for
long-term sustainability. It could help evaluate the impact of periodic, but not permanent,
reallocations of water around the system to facilitate leaching for salinity management.

*  The factors that affect farmer cropping choices in conjunctive-based irrigated agriculture
need thorough analysis. In this paper, this has been done only in the context of water
quality and location; other economic, social and physical factors may be important as
well, and evaluation of perceptual variables would also be desirable. The application of
geographical information systems (GIS) would be advantageous here because of
indications of a close relationship between the cropping choice and the geographical
location within the canal command.

Until some of these issues are explored further, it is hard to see how appropriate management

actions can be taken.

Management Issues

From the perspective of managing conjunctive irrigation to mitigate those processes that may
threaten the sustainability of Pakistan’s irrigated agriculture, there are three primary needs to be
addressed. They are understanding current trends in the conjunctive use of canal water and
groundwater, organizing for changes in the management of government inputs into the sector, and
policy review and planning. Each is briefly addressed below.

Understanding Current Trends in Conjunctive Use

IIMI’s research has indicated that there are large gaps in the conventionat understanding of
conjunctive use in Pakistan. It is also clear that the national capacity to bridge these gaps is weak.
A major reason for this is the virtual absence of any coordinated data collection program for
relevant variables within national and/or provincial organizations. For example, consider the
following types of essential data that are collected; the processes do not coincide geographically
or temporally, nor have the resulting data ever been assembled into a single locatioh in Pakistan.

* Surface water data is collected by the Irrigation Departments or by WAPDA’s
Watercourse Monitoring and Evaluation Directorate and Alluvial Channels Observation
Project.

*  Public-tubewell data is available with WAPDA’s SCARP Monitoring Orgé.nization, the
Irrigation Research Institute, and the tubewell operations units of the irrigation
departments.

ST T T ey

sty



185

e Cropping data is collected through the Agricultural Census, the Irrigation Department’s
assessments for water charges, and the activities of the Agriculture Department’s
On-Farm Water Management Directorate.

e Yield data is collected by the Agriculture Department’s Crop Reporting Service and
through the Agricultural Census, but is not referenced to hydraulic location, only to civil
divisions.

e Private-tubewell data remains largely outside the purview of any public agency, even
though such wells now account for more than half of all irrigation water used in much of
the Indus Basin.

Thus, while the Punjab Irrigation Department continues to perceive "the irrigation system”
primarily as a canal system, while responsibility for public-sector groundwater operations remains
organized and implemented essentially independent of surface-system operations, and while
private-sector groundwater operations are completely unmonitored, it is not surprising that the
threat to the sustainability of irrigated agriculture based upon present patterns of conjunctive use
is largely unrecognized and little understood. When a national research institution, such as
WAPDA’s SCARP Monitoring Organization, restricts its monitoring and applied research
activities to public-sector tubewell groundwater operations, independent of spatially coincident
surface irrigation systems and private-sector groundwater development, while using water quality
standards long out-of-date, it is unlikely that its work will have more than limited utility in defining
the problem or in the development of solutions.

Clearly, arresting the processes of resource deterioration in the present conjunctive-use
environment requires both provincial and national water and agricultural sector agencies and
research institutions to recognize and respond to the present realities of Pakistan’s irrigated
agriculture with coordinated, cooperative and effective actions. The need is not new, of course,
but in the context of increasing constraints on development resources and the very high rate of
population growth in Asia, neither has it been more urgent.

Changes in Management of Government Inputs

A similar lack of overall coordination and effective collaboration occurs within the line agencies
responsible for providing water and other services to farmers in areas of conjunctive use. The
Irrigation Department persists despite its surface, tubewell and drainage divisions having
completely uncoordinated boundaries; WAPDA's supply of electricity is unrelated to agricultural
needs and its rural grids crosscut canal commands; divisional boundaries within Agriculture
Departments rarely coincide with those of any of the hydrological units used in the Irrigation
Departments. The On-Farm Water Management Directorate plans and implements its interventions
in watercourse commands without knowledge of canal operations or of private tubewell
development. Its sister organization, the Agriculture Extension Directorate, is ignored by all of the
foregoing, perhaps because it remains incapable of effectively advising farmers on any important
aspect of irmigated agriculture. So long as this situation prevails the odds that the changes, say, in
water supply intended to alleviate the negative impacts of salinity, will be met with any
improvement in overall conditions are very long.

Pakistan's public agencies and supporting research institutions must begin shedding this
“historical baggage," reorganize internally and establish functional, working linkages with one
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another. This seems an essential prerequisite for any effective use of better information and
knowledge to design and implement appropriate, coordinated, management-focused responses to
the problems of conjunctive use identified in this paper. Admittedly, how this will'be achieved in
the current environment of belief that change is impossible, a widespread lack of will among senior
professional staff, increasingly frequent political interference, declining professional standards
among junior professional staff, and a growing institutional malaise that borders on‘paralysis is by
no means clear.

Policy Implications

Amelioration of the trend toward a declining sustainability of Pakistan’s irrigated agriculture
ultimately comes back to the policy environment in which other necessary actions will have to be
taken. The cries for institution realignment and more performance-oriented management by
government agencies at the field level have been heard before, sometimes for long periods, and
yet no action has really been taken, Until there is a genuine commitment st the national level to
implement policies and allocate resources that will positively stimulate these changes, itis unlikely
that they will materialize.
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CHAPTER 7

Participatory Action Research in Irrigation
Management: An Example from Kirindi Oya

R. Sakthivadivel, Jeffrey D. Brewer
and
C.M. Wijayaratna

INTRODUCTION"

IN MANY DEVELOPING countries, there are few national research agencies that work on irrigation
systern management research. Existing irrigation research units generally focus on specific
components of research such as hydraulic model testing, soil mechanics, soil-water-plant
relationships, socioeconomic base-line studies, etc.

IIMI has been experimenting with various modes of collaboration with national research
partners, including irrigation management agencies, in capacity creation, knowledge generation
and utilization. Participatory action research (PAR) is a mode of collaborative research now being
used by IIMI in Sri Lanka to work with national partners. Unlike many of the approaches taken
elsewhere (Levine 1992), participatory action research is a full partnership with IIMI's
collaborators.

Participatory action research in irrigation management is a mode of research in which the
system management agencies, including farmers, become the implementors of the research
program. The basic premise of participatory action research is that full involvement of the agency
and the farmers can be an effective method for ensuring that their concerns are incorporated into
innovations and that they understand, accept and transmit the research results. Participatory action
research can be an efficient mechanism for developing coordination among various agencies and
the farming community for research-based problem-solving; also it results in more cost-effective,
economical and sustainable internalization of research innovations.

This paper defines participatory action research in irrigation management, then describes its
use in the case of the Kirindi Oya Project in Sri Lanka, and finally turns to evaluating its strengths
and weaknesses.

42 The authors wish to acknowledge the contribution of Dr. Douglas J. Merrey who, with Dr. R. Sakthivadivel, conceived
of the use of participatory action research as the methodology for Phase 2 work at Kirindi Oya when he was Head of
1IM1 Sri Lanka Field Operations.
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PARTICIPATORY ACTION RESEARCH (PAR) IN IRRIGATION
MANAGEMENT

In conventional applied research in irrigation management, research activities are carried out by
researchers. The agency personnel and farmers in the field are the "subjects” of the research. The
ideas are supplied by the researchers, tested in the field, and then documented in reports so that
the results can be disseminated for use by others. In "action research” and “on-farm research,"
research activities are carried out by the local personnel under the directions of the researchers
who then write up the results for use by others. Neither of these approaches erisures that the results
will be adopted. It is normally left to extension or similar personnel to try to get others to adopt
the successful innovations.

Participatory action research (Whyte 1991) is a methodology for applied research which
incorporates the agency personnel and farmers not as subjects but as partners in the research work.
In irrigation management research, the research activities are intended to 1mprove the performance
of an trrigation system.

In a PAR activity in irrigation management:

s  Researchers together with agency personnel and, if appropriate, farmers, jointly plan
innovations to be tested in the project.

. The planned interventions are made by the agency personnel and farmers. -

*  Much of the data needed to monitor and evaluate the innovation is gathered by the agency
personnel and farmers.

¢ Researchers document the process and provide feedback to the implementors to allow for
midcourse corrections.

The basic premise is that system operators and farmers should be involved in planning and
implementing innovations because their detailed knowledge of the irrigation system workings will
make improvements in performance more likely. With the involvement of the system managers
in planning innovations, the innovations will respond to felt needs and not simply to outsiders’
(i.e., the researchers’) ideas. Also, if the system operators and farmers take part in planning and
implementing the innovations, they will have a commitment to see them work. Involvement in
data gathering gives the implementors direct access to the data so that their contributions to analysis
of the happenings is magnified.

The implementors get involved to benefit themselves, not simply to provide data for a
researcher to write up. Therefore, it is important to see that the results of the innovation are
beneficial. This means that a PAR activity must be a learning process in which changes are made
to ensure success as various things are learned. Researchers are specialists in documentation and
reporting of the processes and results of the experiments. Their work in documenting what happens
is essential to provide feedback to the implementors. Documentation also provides for wider
dissemination of the results.

In PAR, the agency personnel and farmers are actors in the research process, not the subjects
of research. Besides being documenters, the researchers are not only catalysts who bring new ideas
to the problems but who help train the others in those ideas. To make these roles work, all involved
have to put a good deal of effort into planning, training, and coordinating field cfforts teamwork
is of vital importance.
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The process yields three types of results:

1. Improvements in system performance that are likely to be implementable because they
have been carried out by regular working personnel.

2. Internalization of the innovations among the implementors, including understanding how
and why they work.

3. Research reports to disseminate the results of the experiment to others who can make use
of them.

Unlike a conventional research approach, PAR ensures that the results are adapted to and
adopted in at least one system. In order for a PAR activity to be a success, it must have results
visible not only to the researchers but also to the system operators and farmers who have taken
part. The system improvements and internalization of the innovations are of equal or greater
importance than the reports.

PARTICIPATORY ACTION RESEARCH AT KIRINDI OYA

Kirindi Oya is a major irrigation scheme in the southeast region of Sri Lanka. It is a new scheme;
the main reservoir, Lunugamvehera Reservoir, was completed only in 1985. It incorporates a much
older river diversion scheme called the Ellegala Irrigation System.

IIMI was invited by the Asian Development Bank, the main funding agency for work in the
new portions of Kirindi Oya, to assist with improvements in the system by carrying out diagnostic
studies. The Phase I study results were published in 1990 (IIMI 1990) and the study concluded
that:

The irrigation water use efficiency of Kirindi Oya was low and there was great potential for
saving water if proper management policies are adopted for main canal operations. Water use
efficiency can be considerably improved through effective use of rainfall and drainage water,
skillful planning of scheduling and use of effective monitoring and feedback mechanisms.

e  There would be a great improvement in water use efficiency if flexible scheduling were
adopted, especially during the land preparation period, to match more closely the water
use pattern adopted by the farmers.

* The effectiveness of maintenance management was not up to standard to provide
long-term sustainability of the system. It was necessary to work with the Irrigation
Department to develop and implement a cost-effective maintenance management system
applicable to Kirindi Oya and replicable in other systems as well.

¢  There was a need to establish a more effective framework for integrated management of
the system and to monitor its effectiveness; strengthening of farmers’ participation
through a single Project Management Committee was important to achieve this end.

s In view of the scarce water resources and large area to be brought under irrigation, there
was an urgent need to diversify crops to use the water resources more efficiently and to
maximize farmers' production and income,
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o  The Phase I report proposed a series of innovations in (a) water resoutrce management for
long-term performance, (b) crop diversification and cropping patterns, (c)
design-management and water management interactions, and (d) inmmt:onal
strengthening. Tl

ngh level government officers selected a few important and unpletnentablc
recommendations for field-testing through participatory action research at Kirindi O¥é with funds
provided by the Asian Development Bank. This work started in May 1991 and will be completed
by September 1993. Three areas were chosen for research: main system managemcnt, tertiary
system management, and a pilot program in other field crops (OFCs). The following kéy activities
were selected (IIMI 1991a):

1. Improvement of main system management through development and 1mplem§manon of
crop planning and seasonal water atlocation plans; through more efficient imain canal
operation, through water balance studies of the Ellegala Irrigation Systeim, and through
maintenance management studies. Part of this work, the development of a
computer-based canal management system, is being funded separately by the
Government of France (Baume et al. 1993). '

2. Improvement of tertiary system management through strengthening of. farmer
organizations, better tertiary maintenance management, improved seasonal planning,
coordinated acquisition of agricultural inputs, and improved operations in field channels
and dlsmbutary channels during the land preparation and crop growth pendds '

3. Pilot-testing of water management methods for diversified mixed crops in aptlot area of
240 hectares. This effort included addressing the economic dimensions (marketing, labor,
prices and profitability) as well as water management issues. Research activities included
documenting and evaluating seasonal planning, documenting and evaluating different
land preparation methods, documenting and evaluating irrigation schediling, water
distribution and water use for OFCs, and evaluating the economic performance of
-different OFCs. ' : -

IMPLEMENTATION OF PARTICIPATORY ACTION RFSEARCH AT
KIRINDI OYA

The distinguishing characteristic of PAR is that the actors "on the spot” take part in research as
well as their everyday activities. The key concern of the authors was to ensure. their full
participation in the planning and conduct of the research. '

The problem was complicated by the fact that the recommendatmns xo be implememed
through PAR involved several different government agencies, inciuding the Errigation Department
(ID), the Trrigation Management Division (IMD), the Department of Agriculture (DOA), and the
- Land Commissioner’s Department (LCD).

The basic strategy to get participation was through the creation of commlttces to oversee the
various research components. Each committee was chaired by a local officer . and included
personnel from the involved departments together with IIMI researchers. IIMI placed an
interdisciplinary team of four researchers in Kirindi Oya to assist: w;th the: planmng and
implementation and to document the process and results. - : '
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The steps for implementation of PAR in Kirindi Oya were defined as follows:

1. Establishing coordinating and implementing committees.

Preparing an inception report with the participation of the agency personnel and farmers.
Organizing planning workshops and preparing action plans for each activity.

Training implementing-agency personnel and farmers.

Implementing the action plans in selected areas.

Documenting lessons learned.

Extending the successful approaches to the whole scheme.

® N oo v oA woN

Documenting the participatory action research process and its impact on irrigation
performance and crop diversification.

9.  Preparing reports and training modules for replication at other schemes.

The research began at Kirindi Oya in May 1991. The progress of each of the steps is briefly
described below (IIMI 1991b, IIMI 1992).

Comumittees and inception report. The first two steps were taken very soon after work began. First,
IIMI researchers prepared a Draft Inception Report. Second, IIMI researchers together with agency
personnel constituted the three substudy committees to guide implementation of each of the three
components. In addition, an overall Study Coordinating Committee and a Study Advisory
Committee were established to oversee the work.

The Draft Inception Report was discussed with agency personnel in a series of scheme-level
meetings. The activities for each component were discussed with the respective substudy
committee. These together with other meetings with both agency officers and farmers helped 1IMI
researchers to refine the Inception Report. Adoption of this procedure helped make the key officials
involved in each component activity fully aware of the contemnplated work.

Planning workshops. The Inception Report was finalized (ITMI 1991a)in a workshop held in June

1991. The workshop brought together field-level officials, the heads of implementing agencies,
policymakers, donor agency personnel and IIMI researchers for in-depth discussions,

Based on a suggestion from the Inception Report Workshop, a second workshop was
conducted in early August 1991 at which the implementing officers and IIMI researchers prepared
detailed action plans, This workshop concluded that there was a need for trainin g programs for the
field-level officials who would implement the research activities. In addition, this workshop
emphasized the need to have periodic discussion at different committee levels so that problems
that can be solved at that level can be attended to by the respective committee and only those that
cannot be solved will be taken to the next higher-level committee.

The participatory planning process resulted in the rejection of most of the recommendations
made in the Phase I study (IIMI 1990) as not implementable. The components outlined above were
selected and modified from a much longer list of items identified in Phase L

Training. In view of these outcomes, a very high priority was given to field-level training and
workshops. A list of workshop and training activities up to the end of October 1991 is given in
Table 7.1.
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Table 7.1. Progress of the workshops and training programs.

Name Date Venve No. of Purpose Agencies
partici- )
pants
1. lmrigation and Crop 10-11 Peacock Beach 58 To discuss ADB, MEA, IMD,
Diversification, June 1991 Hotel, Inception Report. LCD. DOA,
Phase I (English) Hambantota Ministry and IIMI
2. Planning Workshops 5 Aug. DTC, 45 | Toplanandcreate | ID, IMD, LCD,
a) Kirindi Oya (Sinhala) 199 Weerawila awareness of the DOA, DAS and
program. 1ML
b) Walawe (Sinhala) 6 Sept. | Centauria Hote! | 42 | ~do- MEA, IMD and
1991 Embilipitiya 1M1
3. Training for officers 17 Aug. DTC, 42 To discuss their ID, LCD, IMD,
(Sinhala) 1991 Weerawila involvement and DOA:-and ITMI
a) Awareness training contribution, .
for field-level staff
- (Kirindi Oya) )
b) Clericat Staff 5 Sept. MEA 18 To identify MEA and IIMI
1991 Auditorium, constraints and how
Colombo to overcome them. .
4. Training for farmers 16-19 MEA 80 To motivate andto | MEA and IIM{
(Sinhala) Sept. 1991 |  Auditorium, intemalize FC
a) One-Day Farmer Colombo groups.
Motivation Program —
4 groups (Walawe)
b} Two-Day training for 67 ~do- 32 | To provide MEA and TIMI
MKD & FC leaders | Sept. 1991 knowledge in ' :
managing DCO.
¢} Training for FRs of 29 Aug. DC, 11 ~do - 1D, IMD and IIM1
DCs (Kirindi Oya) 1991 Weerawila
d) Training on 3, 15, Field T Ml
water-sharing Sept., 2 '
Oct. 1991
¢) DC meeting on 20 Field 12 Research orientation (IMD, 1D and IIM1
research awareness Aug. 1991 : : .
for FRs (Kinndi Oya) .
f) Nursery Management Tholy Hamlet 30 Education on DOA, TMD and IIMI
(Kirindi Oya) 1991 nursery management
h} Land preperation 17, 18 —do - 30 | Water sharing -do-
(Kirindi Oya) Sept. 1991
i) Field trips 317,24 Field 30 OFC cultivation DOA, IMD and
(Kirindi Oya) Aug. 1991 IIMI
5. Research methodology 40ct. 1SLFO, Colombo| 12 Research Ml
workshop 1991 - methodology
Notes: )
ADB = Asian Development Bank MEA = Mahaweli Economic Authority IMD = Irrigation Management Division
LCD = Land Commissioner’s Department  DOA = Department of Agriculture Ministry = Ministry of Lands, Irrigation and ;
DFC = Diswict Training Centre 1> = [rigation Department Mahaweli Development j
pC = Distributary Canal MKD = Moraketiya Distributary FC = Field channel :
FR = Farmer Representative SLEO = Sr Lanka Ficld Operations - e
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Implementing the action plans in selected areas. The workshops concluded that the proposed
innovations should be tried first in selected areas (distributary channels) before being extended to
the whole of the Kirindi Oya Scheme. Since the research project started in May 1991, the yala
1991 season (May-September) was used for planning, training of field-level officials and farmers,
and collection of additional baseline data (IIMI 1991b). Implementation of actions started in the
maha 1991/1992 season (October-March) in selected areas. In maha, Irrigation Department
officers put to use for the first time new techniques for main-canal management, undertook data
collection for the water balance study of Eilegala Irrigation System, and used new techniques for
the planning of maintenance activities. Farmers worked with personnel from several agencies in
using new techniques for clearing channels before the season, in using new water distribution
patterns to solve tail-end problems, and in planting crops other than rice under irrigation. Aspects
of this work continued through yala 1992 (IIMI 1992).

Extension to the whole scheme. During maha 1992/1993, some of these activities were being
extended to the whole of the scheme, including aspects of the new main systemn planning and
management systems, maintenance management systems, tertiary channel management planning,
and OFC activities developed during the preceding two seasons.

Documenting lessons learned. 1IMI researchers have kept track of the progress of ezch activity
and of the lessons being learned. Results were reported through detailed seasonal reports (IIMI
1991b, IIMI 1992). To supplement the data being collected by agency personnel, researchers used
surveys and independent monitoring of selected channel flows. Daily interaction between ITMI
researchers and farmers and agency officers provided much of the information. Through both
formal and informal means, the researchers helped to keep the various participants in the project
aware of what is happening. Through the substudy committees adjustments were made to plans
regularly to accommodate lessons learned.

Analysis of impact and reports for replication at other schemes. These steps will be taken in the
tuture by the IIMI researchers in cooperation with the implementors.

IMMEDIATE RESULTS

Participatory action research (PAR) at Kirindi Oya has had some immediate results, particularly
results that have led to improved coordination and the general adoption of a system-level
consciousness of problems and constraints by agency officers and farmers. Some of the most
important immediate results include the following.

Coordination among the Implementing Agencies

One of the biggest changes introduced by PAR is close coordination and understanding among the
various implementing agencies (Irrigation Department, Irrigation Management Division,
Department of Agriculture, Land Commissioner’s Department and farmer organizations) in
planning and implementing the action-tesearch program. The increased coordination and
understanding stem from the series of workshops and training sessions organized for the research
and from the committees created to oversee the work.
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Establishing a Unified Project Management Committee

Prior to the start of this research, two Project Management Commitiees — one for the new
settlement area and the other for the old Ellegala Irrigation System — functioned side by side. As
a result, there was little coordination in seasonal crop planning, water allocation, and operation
and maintenance (O&M) activities. Also, different procedures were adopted for establishing and
strengthening farmer organizations in the two areas. The establishment of a single Project
Management Committee in May 1991 for the whole Kirindi Oya Scheme has allowed the joint
discussion of seasonal crop planning and water allocation among the farmer représentatives of the
separate subsystems. This has done much to promote a system-wide view of problems and water
allocations among both farmers and agency officers. ' '

Organizational Changes in the Irrigation Department

Prior to March 1992, one irrigation engineer looked after the construction, operation "and
maintenance of the old Ellegala Irrigation System while the newly developed areas were under the
charge of two irrigation engineers, one each for the Right Bank Main Canal and Left Bank Main
Canal. This division of responsibilities created problems because the irrigation officers and
lower-level functionaries felt compelled to espouse the interests of the farmer organizations in their
respective areas. :

Several features of the PAR project made these problems apparent to high-level Irrigation
Department officers. First, sessions of the single Project Management Committee made it possible
to give airing to the different interests of the various irrigation engineers. Second, the increased
attention given to Kirindi Oya by officers through the research committees made happenings more
visible. Third, the maintenance management studies carried out under the project made public the
very high overhead costs of maintaining separate offices for these subsystems.

In March 1992, the Irrigation Department merged the old Ellegala Irrigation System with the
Left Bank Main Canal under one irrigation engineer. The irrigation engineer in charge of the new
division can now coordinate activities of both new and old areas to solve the water problems in a
more realistic way. This merger has not only helped to improve the water allocation and operational
problems but has also reduced O&M overhead costs. o B

Main System Management

Simulation modeling of the Right Bank Main Canal and related work under the French Project
(Baume et al. 1993) have provided a methodology for canal operation monitoring and feedback
that was implemented during maha 1991/1992 by the Irrigation Department. As a result of the
implementation of the monitoring and feedback system, system managers are now in a position to
know what is actually happening in the system under their control. The procedure used prior to
the implementation of this system was to respond to farmers’ complaints by making field visits.
Now the system manager is in a position to know how the canal is functionirig with a far smaller
number of field visits. He is also in a position to give the canal operators clear instiuctions based
on the data from the field. :

Interviews with farmers reveal that water problems were reduced considerably during maha
1991/1992. The monitoring and feedback system has also helped the canal operators to perform
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their duties systematically based on target discharge rather than on an ad-hoc basis by responding
salely to farmers’ requests.

Water Balance Study of the Ellegala Irrigation System

The Ellegala Irrigation System with its five interconnected tanks receives water from the
Lunugamvehera Reservoir through a feeder canal from the Left Bank Main Canal. In addition,
these tanks get rainfall runoff from their own catchments as well as drainage water originating
from the new irrigated area. The releases from Lunugamvehera Reservoir to Ellegala vary from
season to season depending on a large number of factors including the rainfall in the command
area and the extent of new irrigated area.

Prior to this research, there were no reliable measurements of water releases to Ellegala and
nobody knew how to calculate the amount of water from Lunugamvehera Reservoir needed by
Ellegala. Without knowing this requirement, it is extremely difficult to allocate water to the new
area, especially when it is a dry year. Because of the inadequate data, water releases from
Lunugamvehera Reservoir to Ellegala were made on an ad-hoc basis. It was often observed that
while the new system was in dire need of water, the tanks in Ellegala were spilling; this was the
case in maha 1991/1992.

The flow measurement and water balance program initiated under PAR has provided limited
but reliable flow data which allow the determination of the amount of water originating from the
catchment rainfall and drainage as well as that released from the Lunugamvehera Reservoir. In
addition, it has also provided information on the water released from the different Ellegala tanks
during maha 1991/1992.

This has truly been a joint effort. The data collection plans were jointly designed by 1IMI
researchers and Irrigation Department officers, the data was collected by Irrigation Department
employees, the computer model for data analysis was developed by an Irrigation Department
engineer, and the actual data analysis and write-up done jointly by Irrigation Departrnent officers
and IIMI researchers.

Irrigation Department officers and IIMI researchers have used this information to develop a
new release pattern from Lunugamvehera to satisfy the water requirement of the EllegalaIrrigation
System as well as to make seasonal cultivation plans for the new system based on the expected
inftow into the Lunugamvehera Reservoir.

Maintenance Management

The new maintenance management procedure developed ajd implemented at Kirindi Oya is based
on diagnostic walk-throughs by agency officials and farmer representatives. Work is largely
implemented using farmer contributions of labor to supplement resources provided by the
government.

In maha 1991/1992, the preparation of work plans for one of the tanks in the Ellegala Irrigation
System was done in a satisfactory manner using this approach and implementation during the
closed season was successful. Preparation of work estimates on the basis of actual needs has been
well-accepted by the agencies and farmers. The maintenance procedure and methods developed
under this research appear to be implementable within the current government frameworks.
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Pilot OFC Cultivation

Pilot OFC cultivation in Left Bank Tract 3 during maha 1991/1992 demonstrated clearly the
feasibility of raising OFCs in the maha season in well-drained soils. The experiment also provided
information on the timing of OFC cultivation, land preparation requirements, drainage
requirements and irrigation scheduling requirements for maximum production. The experiment is
being repeated during maha 1992/1993. Meanwhile, the lessons learned from the experiment are
being replicated in other tracts of the new area.

SYSTEM PERFORMANCE IMPROVEMENTS, MAHA, 1991/1992

Results from maha 1991/92 are presented to illustrate the outcome of the participatory action
research, Three areas are discussed:

®  Overall water use performance of the Kirindi Oya System.
*  Main-canal operation performance.

e  Tertiary system performance.

Overall System Performance

Overall system water use in Kirindi Oya System from yala 1987 through maha 1991/1992 s
presented in Table 7.2, This Table brings out a number of interesting factors:

*  The first water releases for the Kirindi Oya System were in yala 1986. Maha 1991/1992
was the first season in which all the area developed under the Kirindi Qya System was
brought under cultivation.

*  Water use for both the old and the new areas was the lowest during maha 1991/1992,
There is a water saving of 2 acre-feet/acre from the previous maha season although the
rainfall then was higher by about 120 mm. '

As the tota] area of irrigation increases, water use generally decreases, thus partiatly explaining
the improvements in maha 1991/1992. However, if one compares water use in maha 1991/1992
in the old Eliegala Irrigation System with that in Ellegala in maha 1990/1991, it is seen that there
has been a dramatic decrease in the water supplied from Lunugamvehera Reservoir to the old
Ellegala Irrigation System, although the rainfall has not been very different. This indicates that
there has been an overall improvement in the operation of the Kirindi Oya System. This
improvement is due in part to better understanding and coordination among the different line
agencies and in part to the improved management performance by the Irrigation Department.
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Main-Canal Operation Performance C e B R "
In maha 199171992, the Right Bank Main Canal (RBMC) was selected. as: the :;jﬁlo_tzaai’ea for .

improvement of canal operations. The tract-wise performance of the REBMC: is presented:in Table
7.3. The average water use is about 6.3 acre-feet/acre against an ‘overall water.use of 6.6

acre-feet/acte for the Right Bank Main Canal and Left Bank Main Canal together, Qne-of themain _ -

reasons for-the higher efficiency of the RBMC was efficient operation.of the tnain anal for
economical use of the canal water. L g e et

Table 7.3. Tract-wise water use for RBMC, maha 1991/1992.

TractNo. | - Area(ha) Water supplied from | Rainfall contribution’| : Ovetall wajer use |
canal (acre-feet/acre) (acre-feet/acre) r
! 800 5.58 2.25
2 900 7.64 0.75
5 1,000 5.86 -
6and7? 740 5.97 213

Table 7.3 shows that Tract 2 used the highest amount of canal water while Tract 5 used the
least. In Tract 5, irrigation was started at the beginning of January instead of early November as
in Tract 2. As a general rule, if irrigation is started very late in the maha season, water consumption -
is reduced considerably because rainfall reduces land-soaking and land-preparation requirements. - .
Also, Tract 5 received a considerable amount of seepage water from the main canal as well as .
drainage water from Tracts 2, 6 and 7. Because of the dwindling storage :in-Tanigimvehera '
Reservoir, the Irigation Department was also extremely careful in its supply of waterto Tract 5.
On the other hand, Tract 2, because of its very heavy canal losses, used the highest g wount of canal
water: also the rainfall contribution to this tract during crop growth season was much less than that -
to Tracts 1, 6 and 7. Coe e
_ Animportant result of this analysis is that the Irrigation Department officers who took part in
the research by collecting and helping with the analysis of the data, now have: ‘much better
understanding of the problems of irrigating from the RBMC. They now have the ability to respond
to the problems in a coordinated way that will serve all of the areas. T v

Tertiary Sjstem Performance

As shown in Table 7.4, the tertiary system management research ‘component fesulted in
considerable saving of water. Table 7.4 indicates that the water used for land preparation-on the

pilot channel (Sub 1, Distributary Channe! 5 in Right Bank Tract 2) was 577 i ‘maha
1991/1992 against 840 mm reported for Distributary Channel 2 in RB Tract 5 in-zha 1985/1990
(IDMI 1990). During the crop growth period, the Irrigation Department (I13) ¢ould ot implement

a totation within the distributary channels as planned. Instead the HD"responded t6 rainfall by
closing the tanal on rainy days. As a rough rule, they closed the canal for oné day for'évery 3
mm of rainfail. : Ce T g B L
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Table 7.4. Tertiary system management, maha 1991/1992.

Total water use for land preparation period

Date Week RF ET SUB FC51 FC 48 FC49 FC50
15-Sep. 1 0.00 5540 5840 99.11 116.06 25.40 41.04
22-Sep. 2 320 56.20 115.80 126.16 109.96 88.73 13296
29-Sep. 3 18.10 3310 108.36 133.67 137.06 £7.12 106.69
06-Oct. 4 4.10 45.40 111.85 141,43 116,12 84.71 106.74
13-Oct. 5 59.40 2330 70.48 71.27 43,57 54.13 79.27
20-Oct. 6 40.00 35.00 72.38 110.81 79.44 62.01 58.58
27-0c1, 7 103.10 8.30 39.54 47.51 4248 3711 3531

Duty {(mm} 22790 256,70 576.81 735.96 644.68 439.21 560.60
Duty (acre-feet) 0.75 0.84 1.89 242 212 1.44 [.84
Total water use for crop growth period
03-Nov. 8 43.70 15.10 80.54 91.21 98.81 79.10 5941
10-Nov. 9 126.00 21.80 37.16 43.67 30.07 3598 43.33
17-Nov. 10 27.40 18.80 34.61 37.89 13.10 25.53 37.86
24-Nov. 11 13.80 23.90 97.72 101.55 96.00 7338 101.37
O1-Dec. 12 ¢ 36.10 97.77 127.09 60.92 81.29 90.50
08-Dec. 13 62.60 8.50 56.10 71.95 36.29 52.08 4594
15-Dec. 14 146.30 18.10 4.41 6.05 6.60 435 1.87
22-Dec. 15 9.60 23.60 61.69 84.29 97.51 54.56 3039
29-Dec, 16 12.30 23.30 89.11 97.75 62.53 78.23 91.64
05-Jan. 17 3.00 28.00 69.94 | 81.43 89.87 56.78 52.64
12-Jan. 18 2.10 24.00 53.10 64.57 67.31 43.68 36.00
19-Jan, 19 0 22.20 29.34 27.84 46.52 20.74 41.98
Duty {mm) 446.80 263.40 710.48 835.29 705.52 605.70 632.94
Duty {acre-feet) 1.47 0.86 2.33 274 2.32 1.99 208
. Total for maha season
Duty {mm} 674.70 520.10 1,287.29 1,571.25 1,350.20 1,044.9] 1,193.53
Duty (acre-feet) 221 1.71 4,22 5.16 4.43 3.43 392

*The Irrigation Department believes that these figures seem “to be rather high” and that may be due to a measuring or
calibration inaccuracy.

The low mean Relative Water Supply (RWS) and Cumulative Relative Water Supply ratios
shown in Figures 7.1 and 7.2 indicate that the ID and the farmers succeeded in decreasing the use
of canal water for land preparation but not during the crop growth period. However, a mean RWS
value of 1.2 to 1.5 is a good achievement compared to a value of 1.5 to 2.0 in the previous seasons.
A better water distribution plan during land preparation period coupled with better coordination
among the implementing agencies and the farmer organizations appear to be the major reason for
the improved performance of the tertiary system.
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Figure 7.2. Mean relative water supply, RB Tract-01, maha 1991/92.
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CONSTRAINTS ON PARTICIPATORY ACTION RESEARCH IN
KIRINDI OYA

Research at Kirindi Oya has not progressed totally smoothly. There remain major difficulties in
achieving some of the objectives of the research. Two of these difficulties are those with the PAR
process itself.

Getting and Maintaining Participation

Maintaining the wholehearted participation of the agency officers and farmers is essential. They
must feel that they "own" the project. Three factors have made it difficult to get and maintain
sufficient participation:

e  The roles and tasks of implementing officers.
¢ The commitment and leadership of the implementing agencies.

*  Economic conditions of new settlement area farmers.

Roles and tasks of implementing officers. Participation in research activities requires a
considerable amount of time and effort on the part of the implementing agency officers.
Unfortunately, their roles and functions have not been redefined. The research activities are extra



204

work rather than activities that fit into their normal duties. The workload of many officers has been
considerably increased by the need to coordinate, implement and monitor the program. While some
of the officers are quite willing to put in the extra effort, others feel that the required effort is
excessive. Also, some feel that there is no proper recognition and incentive for the extra work. If
these research activities are to be internalized and sustained, there is a clear need to redefine the
roles and functions of the implementing officials to build in an incentive system for better
performance.

Commitment and leadership of implementing agencies. Four government agencies plus a number
of farmer organizations are involved in implementing this research. The agencies at Kirindi Oya
are headed by officers of more or less equal rank. A key requirement of these officers is their
commitments to get the full participation of lower-level staff. Unfortunately, the local heads of
departments vary considerably in their commitment to participation. The gxpetience gained so far
suggests that, at least in Sri Lanka, it would be more effective if there were a single manager at the
project level who has the power and authority to coordinate the various line agencies, implement
and monitor new activities such as the participatory action research and provide the necessary
leadership.

Economic conditions of new settlement area farmers. Surveys conducted for the tertiary system
management component show that at least 50 percent of the farmers in the new areas have serious
economic problems. A great many have leased their lands to outsiders and others in their own
hamlets. Many farmers have become wage laborers in their own leased out lands. A minority of
the farmers are still entitled to bank loans; the rest are defaulters. The farmers complain that they
are suffering primarily from water shortages which give poor yields and which limit the cropping
seasons to an average of about one per year.

The farmers in the new areas are settlers brought from other areas. One resuit of the poverty
is that only farmers without other resources live permanently in the new settlements; others live
much of the time elsewhere where their income opportunities are greater. Since resident farmers
can cultivate only one season per year, they depend more on wage labor and chena cultivation than
on irrigated farming activities. Other farmers reside in their original villages outside the area and
come to Kirindi Oya only when there is water for cultivation. Dual residence coupled with lessened
dependence on irrigated agriculture has caused considerable problems in effectively organizing
farmers for any purpose, inciuding participatory action research. Basically, farmers are either not
available to work with organizations or they have greater interest in other activities. As a
consequence the farmer organizations are very weak.

Lack of Power to Make Needed Changes

Some of the management innovations needed require institutional changes and changes in
operations and procedures of the agencies. Unfortunately, many of these changes are outside the
authority of the local officers and require concurrence or action by superiors. However, as has been
shown elsewhere, it is almost always far easier to demonstrate the value of management
innovations than to get the necessary institutional changes made (Bandaragoda and Firdousi 1992).
Interests in the status quo make institutional changes slow and difficult. This appears to be true for
participatory action research in Kirindi Oya. : :

For example, research has clearly shown the vaiue of the new monitoring systems in use on
the Right Bank Main Canal. However, much of the essential data collection work is being carried
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out by Irrigation Department officers as additional labor for which they are being rewarded with
extra pay. This is not a sustainable situation. To get this work made part of their regular duties
requires changes in the job definitions of these officers and a corresponding reduction in other
duties. It also requires changes in evaluation of their performance by their superiors. None of this
can be accomplished without the consent of their union and of the highest authorities in Colombo.
Both of these have other concerns and interests to protect.

Probable Effects of Constraints

These two constraints affect both the conduct of the research project itself and the sustainability
of the innovations:

1. First, without effective participation, many of the actors will not feel ownership of or
commitment to the research activities thus making the activities themselves less likely to
succeed. Without the power to make needed changes, some of the most valuable
innovations cannot be tried. For both reasons, the research suffers limitations.

2. Second, without the understanding and internalization of the innovations brought about
by full participation, the agency personnel and farmers are not as likely to continue the
innovation following the end of the research. More importantly, without the institutional
and procedural changes that reward maintenance of the innovations, it is quite likely that
they will be abandoned once the researchers leave.

The second is the greater problem. Lack of participation can be and is occasionally remedied
by increased participation by the researchers. For example, in the tertiary management component,
one of the IIMI researchers was forced to provide help to a farmer organization when it became
clear that the officers assigned to the duty would not be able to provide sufficient assistance. While
the authors recognize involvement of the researchers in this type of action as a mistake, the limited
time available for the research project sometimes forces such deviations. While involvemnent of
the researchers helps with immediate implementation of the innovations being pilot-tested, it
decreases the likelihood of their being sustained in the future.

THE VALUE OF PARTICIPATORY ACTION RESEARCH

In the Kirindi Oya System, participatory action research (PAR) has clearly demonstrated its ability
to achieve significant improvements in system performance. As peinted out above, the constraints
are most likely to affect the sustainability of the innovations being introduced. Although PAR is
achieving some of the desired results in Kirindi Oya, there remain questions concerning its value
as a research methodology. Some of these are considered here.

Is PAR a Research Method or a Development Method?

PAR clearly shares aspects of both research and development. As mentioned earlier, there are three
expected outputs:



%71, - Improvements in system performance that are likety to be:mplemémabiﬁ; eoliss they -
e have been carried out by regular working personnel -

2 ,Intcmallzatmn of the innovations in the implementors, mcludmg(u Jorsts
' why they work. .

3. Research reports to disseminate the results of the expenment to Gthers Who : n.make use .
of them, . '

method. Howaver with the inclusion of data collection, reporting and analyms fora'wideraudience,
P{kR is not only a research method but is in fact the only method that can be uspdlfermany kinds -
of irrigation management research, '

canbe camed out is for the researchers to take over the system, In many ms’:
¥ 'rmarch pamcxpatwn of local personnel is limited to carrying out the ordea'sof

1mplementat:on of the research is required. Only if local personnel can assmt wlth phmmng and :
implementation will they be able to identify the relevant factors that have been mxssed by the ...
rcsearchers : Gk

PAR asa Research Method: Rigor and Process Documentatibn

As a research method PAR has the fundamental drawback that many vamib!es cannot be. L
controlled. Because the processes are modified during the work, a'PAR activity is not.a clean . ..
experiment. Results rarely include unambiguous confirmation or rejection of a hypoﬂ:esss Also,
results are likely to be limited to the one system where the experiment is carried out,

In these circumstances, how can adequate rigor be guaranteed so that the results_can be made -
- useful to an audience of researchers? There is no simple. solution and ‘thete is: '
among researchers in organizational development about rigor within PAR (Whyte 11991)

_If the process itself is documented so that both the idiosyncratic, featurss:of the local
env:ronment ‘and of the process can be identified, general prmclples ) .
Tocal ¢ circumstances. Such separation will allow the drawing of wider conclusior
the authors cannot yet say that they are documenting the process in Kirindi €
although they are making every effort to do so.

.PAR as a Development Method: Sustaina_b_ility gnd Support

~ One of the potential strengths of PAR as a development method is that, when properly done,
guarantees intefnalization of the successful innovitions within the particlp 1
however, is not a guarantee of sustainability. As pointed out earlier, the su
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innovations is threatened by the lack of ability to control outside factors and by failures in getting
the proper degree of participation.

How can the chances of making inmovations introduced through PAR sustainable be
increased? The authors suggest that PAR activities in irrigation systems should be coupled with
development of a support institution, preferably within the agency most directly affected. The
institution would not only be able to carry out PAR activities, including preparing and
disseminating the lessons learned, but would be able to act as a lobby for the needed external
changes.

In Sri Lanka, IIMI is now engaged in working with the Irrigation Department to develop the
new Irrigation Research Management Unit (IRMU) into just such a support entity. It is expected
that, in the future, the IRMU will carry out diagnostic activities on irrigation systems, and then
mount PAR activities to improve system performance. By analyzing and collating the results of
these activities, IRMU will be able to identify organizational and procedural reform needs requiring
action at levels above that of the individual scheme. IRMU can then present well-documented
proposals to the appropriate officials in order to effect the needed changes.

Finally, the authors suggest that this strategy of coupling PAR and a support unit is likely to
be an effective means for iastitutiona) strengthening and for introducing management innovations
in many developing countries.
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CHAPTER 8

Use of a Simulation Model as Part
of a Management Information System

to Improve the Operations on an Irrigation
Canal in Southern Sri Lanka®

Jacques Rey

INTRODUCTION

SINCE ITS INCEPTION, the International Irrigation Management Institute (IIMI) has been studying
the management of main canal systems, Several studies showed that due to the complexity of their
hydraulic behavior these systems are often difficult to control and function under unsteady flow
conditions which can prevent the managers from achieving their water delivery targets. Seeking
innovative ways of tackling these difficulties, IIMI embarked on a research project to investigate
the potential for using new decision-support tools like flow simulation models,

With a view to improving the management of manually operated main canals through the
routine use of such tools, [IMI concentrated its efforts on a pilot study in Southern Sri Lanka in
the Kirindi Oya Scheme (Figure 8.1). '

It soon became clear while designing the framework of this study that the introduction of a
simulation tool in this operational environment had important implications in terms of
communication needs within the system and availability of real time monitoring data.

A possible approach seemed to be to address the problem as a rationalization of the canal
management through the development of a simple Management Information System integrating
the simulation tool for specific processing.

A generic methodology based on system analysis was adopted to diagnose the problems,
leading to the formulation of an action-plan to be implemented over two seasons of irrigation:
1991/92 and 1992/93 wet seasons.

The approach required putting some effort into understanding and controlling the information
and data flows within the ‘system. This was addressed by the introduction of a rationalized
monitoring system (June/July 1991) and the storage of data in a computerized database.

It also required the introduction of some irnovations in the decision-making process, based
on the availability of real time information and, progressively, the assistance of the simulation
model of flow which permits a better understanding of hydraulic conditions. The methods
underlying this approach, which will be field-tested during the next irrigation season are presented
in this paper and illustrated through the discussion of a particular operational problem faced by
the irrigation manager.

43 This paper has benefitted from the constructive comments of Mr. Sarath Wijesekera, Resident Engineer, Right Bank,
Kirindi Oya Project, the Irrigation Department of Sri Lanka and Mr. Manju Hemakumara, Research Officer, [IMI.
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OPERATIONAL CHALLENGES

The Physical System

The Kirindi Oya Right Bank Main Canal (RBMC) is a 30-km long earthen canal. Its design
discharge is about 10 m*/s at the head; its bed width varies from 10 m to 3 m and its average slope
is 35 cm per km. The water levels are maintained all along the canal by means of 18 gated cross
structures called gated regulators (GR). Water is issued to the secondary network through 42 gated
offtake structures (see Figure 8.2). The command area of the REMC is divided into 4 subdivisions
called tracts; its whole extent is in the range of 3,300 hectares (ha), each tract having an area varying
from 500 to 1,000 hectares. The water storage at the head is ensured by the Lunugamvehera
Reservoir with a capacity of 200 MCM.#

The reservoir supplies water to another main canal (left bank) bringing the total command
area of the irrigation scheme to approximately 10,000 ha. A severe hydrologicat deficit in the area
makes it difficult for the irrigation agency in charge of the scheme to supply water for ensuring a
cropping intensity higher than 100 percent. Even if during the wet season or maha (October to
March), most of the command area is under cultivation, it is rather difficult to ensure adequate
deliveries during the dry season or yala (April to August). Thus the operational context of the
scheme is one of water scarcity.

The Managerial Context

The operational management of the scheme is in the hands of the Irrigation Department of Sri
Lanka. As given in the organizational setup presented in Figure 8.3, the overall coordination of
activities at the main-canal level is performed by a Resident Engineer. His main objective, as far
as the water deliveries are concerned, is 10 ensure that the water stored in the reservoir is used in
an efficient way. This implies a careful planning of water releases from the reservoir and a good
supervision of the water delivery process ail along the conveyance network (main canal, secondary
canals, tertiary canals) up to farmers’ fields. He is assisted in his tasks by an additional engineer
and technical assistants who transmit instructions to and guide the field staff units. A field staff
unit, in each tract, comprises one work supervisor and three to four gate keepers.

Until recently the management practices were characterized by a relatively high degree of
decentralization, most operations (manual) at the structures being implemented locally according
to focal objectives (targeted water levels). Overall coordination and inter-tract communication
were sought only in cases of severe perturbations along the canal.

This system is actually functioning reasonably well under stabilized hydraulic conditions (for
example, phases of constant water release at the head sluice and fixed water delivery pattern at the
offtakes in the case of rice cultivation) but does not allow a proper control of water deliveries by
the manager during more difficult phases of management such as changes in head sluice discharge,
starting of water issues in one stretch of the canal, rainfall events or intermittent irrigation.

44 Million cubic meters.
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.Figure 8.2. Issue tree of the Kirindi Oya Right Bank Main.Canal,
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Figure 8.3. Organizational setup, Resident Office, Kirindi Oya Right Bank Main Canal.

RESIDENT
ENGINEER
IRRIGATION
ENGINEER
TECHNICAL TECHNICAL TECHNICAL TECHNICAL
ASSISTANT ASSISTANT ASSISTANT ASSISTANT
TRACT 1 TRACT 2 TRACT § TRACT 6/7
WORK WORK WORK WORK
SUPERVISOR SUPERVISOR SUPERVISOR SUPERVISOR
TRACT 1 TRACT 2 TRACT 5 TRACT 6/7
GATE GATE GATE GATE
KEEPERS KEEPERS KEEPERS KEEPERS

Operational Difficulties

This type of operational conditions (intermittent irrigation) has become a challenging concern in
Kirindi Oya.

As a tentative response to the water-scarce conditions of the scheme, diversified cropping
patterns have been promoted in order to progressively replace rice cultivations with
less-water-demanding crops on the well-drained soils of the command area. The water delivery
patterns required for these crops imply more sophisticated operational plans (see example in
"Mustration of the Decision-Support Approach,” page 217). -

The generic research question, therefore, to be addressed by IIMI was: How can the planning
capabilities of the irrigation canal manager be strengthened in order to ensure a good
responsiveness to new and more complex operational scenarios?

The first important requirement identified was to get a better understanding of the hydraulic
functioning of the canal. A proper tool to address this issue appeared to be a mathematical flow
simulation model enabling the manager to test on a computer any hypothetical operational scenario
and foresee the impact of his decisions. Nevertheless, the use of such a tool alone could not fully
solve our problem; apart from a good understanding of the hydraulic behaviour of his canal, the
manager had to be continuously aware of the present state of his system before making any decision
(for example, in case of intermittent irrigation, the water levels in the respective reaches where
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irrigation is going to start). He also needed systematic guideline procedures to induce tentative
operational plans before testing them with the fiow simulation model.

All these implications were taken into account by IIMI and CEMAGREF* researchers who
concentrated their efforts in designing a simple management information system including a
simulation model of flow and other decision-support modules. An essential prerequisite for
designing this system has been a systematic analysis of the decision-making process.

UNDERSTANDING THE DECISION-MAKING PROCESS

From Decision Making to Implementation

The different steps sequentially listed below have to be considered as a continuous loop. At any
given time, decisions taken for managing a system are based on its present state as well as the
experience gained from its past functioning; the monitoring of the implementation and impacts of
these decisions becomes the source of experience and support for the next round of decision
making. Our tentative list of activities thus includes:

e Working out a water delivery schedule compatible with the available resources
(forecasting), and using earlier planning decisions in terms of water allocation and the
field conditions (optimization process).

»  Obtaining information about the present state of the canal, such as the water levels in the
different reaches, and the gate settings at the structures (data collection and management).

s Applying a set of rules and using past experience for designing a tentative operational
plan, which can include prediction of the effectiveness of this plan if a simulation tool is
available (optimization and simulation processes). This set of rules must explicitly take
into account human resource constraints such as those in terms of staff concerned with
implementation.

o Transmitting the plan to the field staff (communication).

e  Controlling the implementation of the plan and its effectiveness by observing the state of
the canal and comparing it with the targeis (data collection and management).

e Evaluating the whole process of decision making and implementation to find out
weaknesses and potential for improvements (data management and analysis).

The effective fulfillment of these different steps in a sustainable and systematic way implies
the availability of standard procedures and facilities to ensure easy access 1o field measurements,
sharing of decisions with the field staff, control over the gate operations implemented and rapid
use of past experiences.

45 Centre National du Machinisme Agricole du Génie Rural des Eaux et des Foréts.
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A Simple Framework for Canal Management

The management process explained above is summarized in Figure 8.4.

Figure 8.4. Framework for main-canal management.

IntePmfion @ Yater SR, DAy HIGHER
l LEVEL

MAIN CANAL MANAGEMENT

WEEKLY I DALY

Planring ontrol
Decisions + Uacisions

DAILY I HOURLY

—

'E" Eomal _"' GOMMAND |

MAIN

{ = = CANAL
l E @- OBERTO Syorem

L Data E1
Analysis (o

E
{”géﬁicuml @J EVALUATION

L2 L3
Decision . Physical
Making Implementation System

LOWER
l LEVEL
Water $ I
Information ® Conlal;:t gg?nhSecondary)

J

= L1

As illustrated in the diagram, three main levels have been distinguished to represent the
managerial context of the main canal:

1. People in charge of the whole decision-making process and the analysis of data (L1).
2. People in charge of the local implementation process and collection of data (Lz2).

3. The physical system encompassing the canal, its structure and irrigation water (L3).

Three main functions, command, observation and evaluation, which split into various
activities have also been identified.
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Function of Command

C11: The decision-making process regarding operational strategies (planning including target setting).

Ci2: Thedecision-making process regarding real time adjustment and refining of operational strategies
(control}.

C21: Routine implementation of instructions.

C22: Handling perturbations at the implementation stage {local analysis).

Function of Observation

(O»:  Collection of data (water levels, structure state}.

Q: Observation of the hydraulic state and behaviour of the system.

Function of Evaluation

E2:  Collection of data (operations implemented, time and amplitude).

Ei: Analysis of the performance of the water delivery process and estimation of potential
improvements.

Any attempt at improving the management process as a whole must take into consideration
the complete sequence of activities involved, leading to subsequent intervention where itis needed.

At the field level, the most important issues are to establish and sustain a reliable data
collection network and ensure timely communications between the field staff and the center of
decision making.

At the decision-making level, the most important issues are to develop a simple and efficient
data storage and retrieval system as well as quick and systematic procedures for analyzing these
data and generating relevant information for making decisions. The availability of relatively cheap
computer technologies offers new opportunities to deal with these issues efficiently. Database
management software, spreadsheets or specific applications such as simulation models can be
integrated into simple and modular management information systems.

This approach is being tested in Kirindi Oya where changes have been introduced at both field
level and manager level as described in the following section.

IMPROVING THE DECISION-MAKING PROCESS

Data Collection and Communication

First, the existing system for data collection and communication in Kirindi Oya was improved by
replacing the earlier practices (delays in feedback to the decision center, manual filing) with
systematic and timely procedures.
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Basic data on water levels and gate openings are now collected at all structures operated along
the main canal, including gated regulators and offtakes. These data are read and recorded twice a
day by the gate keepers who send them to the work supervisors.The data are recorded in a standard
form which is handed over by the work supervisor to the resident engineer on the same day. Water
level readings are converted into discharges and stored along with the raw data in a computerized
database. The main problems faced at this Stage are to ensure reasonably accurate data collection
and reliable discharge computation which imply careful calibration of the structures. In terms of
communication between the decision maker and the field staff, a key improvement has been the
daily contacts between the resident engineer and the work supervisors.

Computerized Decision-Support Tools

Second, different prototype computer modules have been developed and integrated to help in
fulfilling the tasks described as L} (Cy, O, E1). These modules comprise the database {Dbase III
files, and entering and request procedures), the simulation model of flow, RBMC developed by
CEMAGREF, and spreadsheets (Lotus 1-2-3),

One of the main constraints in developing this tool has been the need to interface the various
modules to ease the transfer of data and results between them. Nevertheless, the facilities provided
by the use of standard software enable any programmer to arrive at a reasonable degree of
integration. A brief description of the tool developed is given in Annex 1. At this prototype stage,
the intention was not to program a comprehensive commercial package but rather to give an
example of a modular approach likely to be reproduced by other developers.

With the availability of the decision-support tools as well as improved communication
between the decision maker and the field, the decision-making process as detailed earlier can be
performed in a more systematic and efficient way. Next, in this paper, this process will be put into
the perspective of a typical management problem faced by the irrigation manager in Kirindi Oya
during the season yala 1991,

ILLUSTRATION OF THE DECISION-SUPPORT APPROACH

As an example of operational difficulties arising due to the crop diversification, the water delivery
pattern implemented during the yala 1991 season is considered. Tracts 2 and 5 were under
cultivation (pulses, chilies, onions) and the agreed schedule of water delivery was as in Figure 8.5.

This water issue pattern was new to the irrigation staff whose experiences referred mostly to
rice cultivation. The questions raised were mainly:

*  What would be an optimal pattern of water issues at the head sluice?

* How to operate the gated regulators in a coordinated way?

The operational concerns underlying the questions were the need to fill certain stretches of
the canal prior to the start of water deliveries in case of a drop in water level between these issues,

and the relative difficulty of ensuring a smooth transition of water deliveries from Tract 2 to Tract
5.
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Figure 8.5. Water delivery schedule during 1991 dry (yala) season.
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The decision-making process of the manager (activity Ci1) before commencing the water
issues of Tract 2 is described next. While the main steps of his analysis will be given here, the
corresponding numerical results will be presented in the annexes. These results have been obtained
a posteriori and have not been field-tested because most of the tools used were not yet available
during yala 1991.

The manager first assesses the present state of the canal, paying special attention to the water
levels in the reaches of Tract 2 (filling requirement); this is easily obtained by using the database
(Activity Oj: observe water). He will then follow the process described as command operations
in Annex 1, to work out the optimal main sluice issues pattern as well as an-adequate sequence of
gate openings to achieve his targets in terms of water levels at the gated regulators and discharges
at the offtakes.

This process is detailed below:

As mentioned earlier, before testing any operational plan with the simulation model, the
manager has to combine his own experience with the use of simple decision-making
modules (hydraulics optimization) to design a reasonably appropriate tentative plan and
{o avoid time-consuming, trial-and-error simulations.

The first module, based on the initial water levels in the canal and topographical data,
gives information concerning the approximate time needed for filling the reaches in the
parts of the canal where irrigation is going to start. Rough information about adequate
gate settings at the gated regulators to fill the reaches in a coordinated manner is also
provided (Annex 2).
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The second module, based on the consideration of the water delivery schedule and the
use of linear transfer functions roughly modeling the water propagation along the canal
(diffusion and lag times) provides a first tentative plan for the water released at the main
sluice (Annex 3).

Based on the water issue pattern at the main sluice and the water delivery schedule, the
propagation of water along the canal is studied in order to provide some guidance
concerning the time and amplitude of gate settings required to achieve the targets. This
analysis is mainly done manually by studying a simple chart presenting a summary of the
expected water delivery pattern. Some steady flow simulations are also used to generate
indications about the optimal amplitude of gate openings required during the different
stabilized phases of the water issues (Figure 8.6).

Figure 8.6.
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Having following these three steps, a tentative operational plan for all gate settings along
the canal (see Annex 4) is then available to be tested and evaluated by means of an
unsteady flow simulation. Water levels and discharges at any point of interest along the
canal are computed by the model and the results are evaluated in terms of achieved water
deliveries at the offtakes and water level fluctuations in the main canal (Annex 5).

If considered as satisfactory, the plan is stored in the database and proposed for
implementation; if not, the decision maker can revise it according to the weaknesses
detected by looking at the simulation results and retesting it as many times as needed.

Most of the printed supports obtained by applying this process to our operational scenario
have been presented in the annexes. The final plan described in these annexes would
ensure satisfactory water deliveries.

The implementation of the plan (activity C21) then needs to be carefully monitored
(activities Oz, E2) to allow proper control in case of perturbations (activity C12} and, of
course, a complete a posteriori evaluation (activity Ep).

CONCLUSION

Several lessons have been already learned from the research conducted in Kirindi Oya; others are
expected after full implementation of the decision-support package during the next irrigation
season. The most important of these is probably the evidence that any attempt to improve the
decision-making process of an irrigation manager has to be done with full awareness of the
technical and managerial constraints relating to the data collection and communication systems in
use. A sustainable introduction of decision-support tools implies upgrading the existing setup as
a prerequisite condition.

A second aspect relates to the nature of the proposed tools. It is probably worthwhile to insist
again on the absolute necessity to make these tools modular, easily interfaced with simple database
management software and leaving some room for customization by the manager. Within this
context, computerized information, simulation and optimization techniques have certainly a key
role to play in future improvements likely to occur in the management of main canal systems.
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Annex 1

Simplified Layout
of the Management Information System

Various modules can be developed for assisting the decision-making process, derived from the
framework representing the management process:

FRAMEWORK
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The first main menus of the prototype tool are as follows:
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Annex 2

Module Filling Phase

A filling phase is a transitory period of canal functioning during which one or several reaches
(stretches between two gated regulators) have to be filled in order to increase the water levels. This
occurs, typically, when the manager has to start the deliveries along a branch of the canal which
has been kept dry or at low water levels previously. The inputs and outputs of the spreadsheet
module used for managing such phases is given below. The main information needed is the set of
mitial water levels measured upstream of the gated regulators (recorded with reference to the
targeted water level or full supply depth [FSD]). As a result, an indication of the time needed for
filling Tract 2 (12 hours) and approximations of suitable gate openings at the gated regulators are
obtained:
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Annex 3

Module, Main Sluice Issue

The main hydraulic factors to be considered to release water at the main sluice are:

e The time of propagation of water (lagtimes).
o The phenomena of diffusion (attenuation of discharges peaks).

e The phenomena of storage/drainage in the various reaches due to gated regulator
operations.

Given the targeted discharges at the offtakes and the main hydraulic conditions of the scenario
(low or normal water depth and low, average or high base discharge), a rough estimation of the
main sluice issue pattern is computed by considering the inverses of simple linear transfer functions
calibrated a priori for each stretch of the canal according to the type of hydraulic scenario studied.
The interface of the spreadsheet used for this purpose as well as the proposed pattern corresponding
to our operational situation are given below:

INTERFACE

- THIS SHEET ALLOWS YOU TO COMPUTE AN APPROXIMATION OF THE
MAIN SLUICE ISSUES SATISFAYING YOUR OBJECTIVES:

* ROUGH LINEAR INVERSION

* INCLUDING SEEPAGE LOSSES
* INCLUDING FILLING PHASES
{AS DEFINED IN T{C2VOLM.WK1)

RUN THE MACRO \O AND COME BACK TO THE BASIC DATA BLOCK BELOW
IN ORDER TO FINALIZE YOUR MAIN SLUICE ISSUES.

MAIN SLUICE ENVISAGED OPERATIONS AND EVALUATION:

VOLUME NEEDED: 364217 M3

VOLUME PROPOSED: 368640 M3
NBOP: ! DAY HOUR: DIS.: !
! (M3/S) 1
1 ! 0 0 Q.00 !
2 ! 0 9 2.80 !
3 ! 0 20 1.10 !
4 ! 2 4 0.00 t
5 ! 2 16 1.40 !
6 ! 3 18 0.00 !
7 t 6 0 0.00 !
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MAIN SLUICE ISSUE
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On the graph, the final pattern of water release chosen is made of 2 phases of continuous issues
plus an initial increment at a higher discharge in order to fill Tract 2. Tract 5 will be filled by
draining Tract 2 after its delivery period (the water levels are kept low in the portion of canal
commanding Tract 2 once the delivery period is over),
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Annex 4

Proposed Operational Plan

After the various aspects relating to the filling phases and the main sluice releases are studied, the
objective of the manager is to find out an appropriate sequence of gate settings at the gated
regulators and the offtakes. A partial printout of the chart used for this purpose is presented below
with the first operations resulting from the manager’s analysis. The numbers indicated below each
gated regulator (GR) represent the total demand in the reach upstream of this GR in m%/s (demand
for filling or deliveries at the offtakes).
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A set of rules allows the manager to work out his first strategy regarding the timing of gate
operations. Using the wave chart, the following method can be applied:

a. Locate the periods during which the water level has to be controlled (FSD) at the gated
regulators.

b. Locate the periods during which the gated regulators are fully open (in case of drainage
of certain reaches after deliveries).

¢. Locate the wave propagation:

¢ created by main sluice issues
s created by the opening of certain gated regulators

s created by the closing of offtakes (end of deliveries)

The speed of the waves (slope of lines in the chart) is roughly provided by the analysis
mentioned in Annex 3 (in this scenario, approximately 1 hour per reach).

The first set of rules then becomes:

1. Adjust gated regulators before establishment of each FSD period.

2. Adjust gated regulators if a wave crosses a FSD period.

3. Adjust gated regulators in case of a severe wave liable to cause overtopping.

An indicative amplitude of the gate adjustment needed is then searched. This can be achieved

for the 3 cases mentioned above using the steady state unit of the simulation model which can
provide an optimal set of gate settings given:

e  The delivery pattern at offtakes.
»  The discharge in the main canal (estimate in case of drainage waves).
s  The targeted water levels at the gated regulators.

The tentative operational plan is then finalized (see standard printouts for Tracts 2 and 5
below). The operations are given in the format, day/hour/amplitude, and can then be tested with
the simulation model of flow.

The RBMC software allows neither the hydraulic computations under dry bed conditions nor
tolerate supercritical flow conditions. It is thus difficult to simulate an operational scenario which
implies very low main sluice discharges. In this example, the issues at the main sluice have been
kept to 2 minimum rate of 0.5 m%/s to compensate for the seepage losses along the canal for the
two intermediate phases even if a complete closure would have been appropriate.
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| RBMC WATER DELIVERIES - PROPOSED OPERATIONAL PLAN - TRACT 2 WEEX: YALA 9
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Annex 5

Evaluation of the Proposed Operational Plan

The fluctuations of water levels at the gated structures and the gap between targeted and achieved
discharges at the offtakes have been kept as relevant criteria for evaluating the operational plan.
The evaluation, accomplished after using an unsteady flow simulation, is summarized below by
means of 4 graphs:
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ADEQUACY WATER DELIVERIES
TRACT 2
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The operational plan adopted proved to be acceptable even if some improvements could be
introduced. For instance, the transition phase between the Tract 2 and Tract 5 deliveries reveals a
significant increase in water levels along Tract 5 which could be minimized by limiting the drainage
of Tract 2. The method presented is in fact largely suboptimal and leaves room for various
alternatives which can be tested by the manager.



CHAPTER 9

Towards Participatory Management:
The Case of an Irrigation
System in the Plains of Nepal

Ujjwal Pradhan, Alfredo Valera
and
Durga K.C.

INTRODUCTION

THE GOVERNMENT OF Nepal views improved irrigation management as crucial to its rapid
development program. Better management is now being viewed in terms of progressively reducing
the role of the state and enhancing farmer participation. In 1991, it introduced a set of policies
aimed at enhancing farmer participation in irrigation management {(Approach to the Eighth Five
Year Plan 1991).

Earlier, in 1988, the government adopted a new policy on irrigation development (Working
Policy on Irrigation Development for the Fulfillment of Basic Needs 1988) to facilitate urgent and
effective action in the irrigation sector to achieve the set goal. This working policy provided new
direction to Nepal’s irrigation development by mandating the participation of farmers at all levels
of development, from project identification, design and construction to operation and maintenance
(O&M) of completed systems. _

This policy was to be implemented by means of two action plans — one for turning over some
systems constructed and managed by the Department of Irrigation (DOI) to farmers for 0O&M, and
the other to increase participation of farmers in the management of jointly managed systems. The
objectives of the Action Plan for Participatory Management are “to share the system O&M
responsibilities of large-scale irrigation systems between the water users’ organizations (WUQ)
and the irrigation agency.”

The various objectives of the existing policies and action plans were recently consolidated
into a new irrigation policy. With the change in political climate, various partners in development,
including government agencies, have been guided towards a decentralization and democratization
movement in their activities. Thus, the new policy has two of its objectives specifically designed
to support local initiative and control with a great shift in responsibilities from state to locality.
The new policy is intended to “maximize the involvement and participation of users (without
affecting the intended impacts of the project in each phase of implementation) so as to decrease
government responsibilities in irrigation implementation and instead promote local resource
mobilization for construction, maintenance and repair by the users themselves” and to  promote
and support self-reliant private sector development of irrigation development and expansion by
Nepali farmers themselves.”

The new Water Resources Act has a very important feature of setting up a hierarchy of water
use rights. Water users’ associations (WUAs) can now have legal recognition derived from this
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very Act whereas earlier WUAs were to be registered under the Association Act. The new Act also
makes provisions for the complete ownership of systems that are turned over to the farmers. Yet,
the Act is silent regarding the “co-ownership” of jointly managed systems.* It is hoped that the
proposed irrigation rules and regulations to be derived from this new Act are not bound by rights
and duties from the point of view of the state or agency irrigation management but extended to
cater to the balanced “rights and duties” on the part of water users’ groups. The previous regulations
bestowed power to agency management and did not focus on the rights of WUAs (e.g., defensible
water rights) to participate in planning and implementation of any construction (at least at the
micro-level), the right to information about water availability, the right to timely. and reliable
supply of water, etc.”’

In many countries in South and Southeast Asia, participatory management has been advocated
as a distinct policy for irrigation development. It has been noted that traditionally, in many
countries, indigenous irrigation has been managed effectively by water users who design, build,
operate and maintain these irrigation systems (usually small-scale systems). Uphoff (1986) notes
that more recently, in connection with government development programs, the planned
introduction of water users’ associaticns is increasing with some notable success. The inclusion
of farmers in the decision-making process of management of irrigation systems is now accepted .
as necessary to increase productivity and income among the poor in the Third World (Raby 1991).
Raby (1991) points out that farmer participation is not simply an advocacy call for empowerment
and mobilization of a hitherto powerless group but, more fundamentally, a development strategy
in itself. Farmers are no longer considered as the passive recipients of development activities but
as active participants and, in some cases, as equal partners. -

Uphoff (1986) has elaborated and analyzed the nature, rationale, and approaches of farmer
participation as the agency-farmer relationships. Others like Singh (1991) and Pearse and Stiefel
{1980) have also critically looked at the nature of participation. Bottral (1981) points out that the
management of irrigation projects should be considered as an evolutionary process, with a
progression over time from a relatively high degree of central control towards increasing farmer
participation and autonomy of decision making. Participatory management approaches have been
introduced in countries like the Philippines, Sri Lanka and Nepal with relative successes {Korten
and Siy 1989; Raby 1988; IIMI 1986; and IIMI 1992). _

This paper presents the process developed in facilitating the formation of water usets’ groups
in the Banganga Irrigation System and its consequent ou{comes in terms of O&M benefits.

BACKGROUND*

The International Irrigation Management Institute (IIMI) was requested by DOI to assist in the
development and implementation of the action plan on participatory management. The Banganga
Trrigation System (BIS) was identified as the field site for IIMI to work coil_aborat_i’ve_ly \:vitl_l DOI

46 In an earlier draft of the bill, Article | of the Law on Land Reclamation of the Muluki Ain (Penal Code) was proposed
to be repealed. Such a legal annulment posed the problem of the existing customary and traditional tights being in
jeopardy. o .

47 Ambler (1992) presents a good set of water users’ rights. He proposes rethinking on notions’ n:gm‘dmg farmer
“participation” or “involvement” and, especially, the types of lip service usually provided while “undertaking™ the
“needful” institutional development of the WUOs. o

48 1IMI carried out this project from May 1991 10 July 1992. During [IMI's involvement with this pr01ect. the irrigation
policy and the Water Resources Act were only in draft form and were being reviewed by the goverhment..
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staff in developing and testing ways for establishing an O&M plan through more water user
participation. This collaborative project was supported by the Agricultural and Rural Development
Office of the United States Agency for International Development (USAID) mission to Nepal.

The Banganga Irigation System was one of the subprojects that was rehabilitated under the
Command Area Development Project (CADP) during the period 1982-89. Under this project, the
reservoir was enlarged, the main canal improved, tertiary facilities constructed, support services
to farmers initiated, water users’ groups formed at the tertiary block level (but were found
ineffective), and the irrigation management plan developed. However, the management plan has
not yet been implemented and the water users’ groups formed were found to be nonfuncticnal
(ADB 1990). At the start of the project, the BIS management was operating under a project mode
directly under the Western Regional Irrigation Directorate (WRID) but was finally merged with
or transferred to the District Irrigation Office (DIO).

The three major component activities of the IIMI participatory management program in
Banganga Irrigation System were: i) DOI-Farmer Dialogue; ii) Water Users” Group Formation
and Farmer Training; and iii) Management of the Main System.

System Background

The Banganga Irrigation Project is a government-built irrigation system which is located in
Kapilbastu District of the Terai in the Western Development Region (Figure 8.1). The history of
Banganga Irrigation System (BIS) can be divided into three periods: i) pre-government
construction of the canal, ii) irrigation system construction by the government, and iii)
improvement under the Command Area Development Project.

Before government construction of the present Banganga Irrigation System, farmers used to
build temporary brush and stone diversions at various places along the river to obtain irrigation
water. The depressed land at Jagadishpur was converted into a reservoir, and a canal was built from
it with corvee labor during the Rana Regime sometime in the 1940s, That canal was known as the
Raj Kulo. According to the old villagers of the Banganga area, there were other scattered irrigation
systems drawing water from the Jamwar Stream aside from the Raj Kulo. Therefore, the farmers
around Banganga do have experience in irrigation,

During those days, the Raj Kulo was looked after by the office of Bada Hakim (the then chief
administrative officer of a district). There was a khardar (government official) appointed at the
Bada Hakim’s office in Taulihawa for the purpose of water management of the Raj Kulo. He looked
after the operation of this system and mobilized people for maintaining the diversion weir and
other structures. The zamindars (big landlords) took care of other systems.

Initial construction of the post-Rana System was completed in 1978. This project was
undertaken to provide irrigation to some 6,000 ha of cultivable [and. In 1982, this project became
the Command Area Development Project (CADP) with funding support from the Asian
Development Bank. The reservoir was enlarged, the main canal improved, tertiary facilities
constructed, support services to farmers initiated, water users’ groups formed at the tertiary block
level, and an irrigation management plan developed.
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Figure 9.1. Banganga Irrigation System.
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THE PROCESS FOR THE FORMATION OF WATER USERS’
ORGANIZATIONS

The process that IIMI-Nepal staff followed to facilitate the formation of water users’ groups in the
pilot area of BIS comprised a series of steps which can be broadly categorized under: i) preliminary
observations on systern management, ii} observations on farmers’ cooperation, jii) continuous
dialogue and meetings with farmer groups and agency staff, iv) assisting in the formation of water
users’ groups, v) farmer-to-farmer training, and vi} continuing dialogues with agency staff and
farmer groups to strengthen water users’ groups.

Preliminary Observations on System Management

The initial activity focused on trying to understand how irrigation management activities were
being undertaken. Specifically, the water delivery performance as practiced by the system
management was assessed. Several fields were selected within certain outlets (to represent the
head, middle, and tail areas) to assess the source of irrigation water and farm cultivation practices.
Simultaneously, the performance of the already established water users’ associations and
federations (during the time of CADP) was assessed by the field team by observing group activities
related to irrigation practices, the organizational setup of the groups, the rules and regulations
formulated regarding water use, allocation, distribution, resource mobilization or contribution, and
procedures for conflict resolution.

Observations on Farmers’ Cooperation

IIMI staff met and convened the different water users from the “defunct” water users’ groups or
federations and discussed irrigation management issues and their current practices regarding the
use of irmigation water. Often, meetings were held with only the so-called committee members, or
with only the users, or with both. Some agency staff members also attended these meetings and
invariably dialogues ensued between the agency and the farmers. Often, meetings ended with the
two parties not agreeing with one another. However, at the urging of IIMI, both parties continued
to meet with each other at the field site and also at the system management office.

The rationale and ideas pertaining to participatory irrigation management were discussed
during these meetings. Both the farmers and the agency staff slowly began to appreciate the need
for organized farmers and an agency staff supportive of these ideas. Within a sub-command area,
tail enders did not receive adequate water and these people doubted that the head enders would
cooperate so that they woutld get water from the outlet. The agency staff were skeptical that the
farmers would organize themselves to do anything cooperatively since the agency had, in the
previous year, wanted the farmers to mobilize their resources to clean the canals. Even within a
single outlet or distributary, people were divided among themselves. Those who, by the location
of their fields in the irrigation system, received water with comparative ease were uncooperative
and the tail enders were skeptical about the utility of their efforts if the head enders were not going
to be supportive of them.



238

Continuous Dialogue and Meetings

M1 held several meetings with different groups of farmers and tried to convince them that if they
got together and started to clean the canal they would be able to receive water more smoothly
{especially the tail enders). For example, in the Bilaspur Distributary, the users from Harrahawa
area, the tail enders, were enthusiastic about cleaning the canal but had wanted the head and middle
enders also to cooperate as a single unit. One member of the agency staff, the second in command
within the agency, along with IIMI field staff, convened a group meeting of the users from all the
three villages that are within the command area of the distributary. The types of discussions and
debates among the users themselves and between users and the agency staff were symptomatic of
the estranged relations between them.

The users questioned why they should work on the canal when hardly any of their concerns
regarding alignment and outlets were listened to by the agency staff. Several users were suspicious
of the agency because, earlier, the maintenance work was done by contractors. The users felt that
the work done by the farmers would then be registered as work done by contract workers and the
agency could then pocket the money paid for the work done. The farmers were very suspicious of
the motive and intention behind the request for them to do maintenance work. The agency
representative informed the farmers that a Iot of investment had been made by the government and
now it was unable to carry out continuous maintenance work. The construction phase was over
and according to the government’s working policy, emphasis was being put on participatory
management which also included maintenance work on the part of the water users. The farmers
did not care what the government policies were, because they were distrustful of the agency and
perceived all these requests for water user “participation” in cleaning the canal only as added
responsibilities. Thus, this specific meeting within the Bilaspur Distributary broke up due to
tension, “mutual” distrust, doubts about each others’ intentions, and the inability to come to an
agreement.

Then the IIMI field staff requested only the water users to meet them without any
representations from the agency. When they met, the water users decided to cooperatively clean
up their distributary canal to ensure smooth flow of water for everyone and the usual conflicts and
anger that accompanied water delivery to that canal were reduced. However, when cleaning began,
it was very much on an informal uncoordinated way. Many landowners next to the canal were mad
at those maintaining the canal because soil and mud from their land was used to repair the canal
and stop leakages. The farmers and the adjacent landowners wanted someone from the irrigation
office (the agency) to supervise the canal work. A fieldman was sent by the office for supervision
but heated discussions and allegations ensured when some users again raised their doubts about
the sincerity and integrity of the agency staff. The agency staff members were accused of being
corrupt and the fieldmen wanted the farmers to fail in their enterprise so that the agency would
then revert to the old system of awarding contracts and would thus not have to deal with belligerent
users. Because the users did not have an effective organization, the canal work was véry informal,
uncoordinated, and haphazard. The users felt the need for an effective organization. The question
raised was whether to strengthen the water users’ groups and the federation “created” during the
CADP era or to restructure them or found newer groups based on different criteria. .-

Despite an ineffective organization, the users of this area were able to clean their canal much -

to the satisfaction of the members and surprise of the agency staff who did not believe farmers can
ever organize themselves for irrigation activities, especially for maintenance work. The catalyst
that “forced” the users to rethink their irrigation practices and create an awareness for the need of
an effective organization and group action was brought about by their experience while cleaning
their canal and dealing with the agency in the process. The formation of thé water users’ group
(WUG) and the selection of its functionaries did not take place for at least one whole year.
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Assisting Formation of Water Users’ Groups

An added strategy employed by IIMI to facilitate the process of WUG formation was the
farmer-to-farmer training program in which the participants were not only the farmers but also the
agency staff who were skeptical about the efficacy and effectiveness of farmers’ capabilities and
organizational strength. In several places in Nepal, farmer-to-farmer exchanges have proven to be
very useful in strengthening water users’ organizations (Pradhan and Yoder 1989). IIMI felt that
farmers could relate to one another since they shared more or less the same experiences. The
example of farmers who were performing and managing irrigation activities well was a stimulus
to others to get organized and control their own resources. It was felt that visits to well-managed
irrigation systems and dialogue with imrigators from such systems had served as eyeopeners to the
farmers. Farmers were more willing to listen to suggestions made by fellow irrigators who had
already adopted these suggestions. Such farmer-to-farmer exchanges and training not only showed
the possibilities for the formation of strong irrigation/water users’ groups but also exposed the
trainee farmers to the nature and role of the internal structures and dynamics of irrigation
organizations.

Farmer-to-Farmer Training

Farmer-to-farmer training was conceived as one possible approach to bring about participatory
management in the Banganga Irrigation System. The training was proposed to facilitate the transfer
of experiences from farmers in well-managed irrigation systems (Chattis Mauja and Pithuwa
systems) to those in poorly managed systems like Banganga through site visits, discussions, and
exchange of ideas.

HMI proposed the need for such training for the farmers of the Banganga Irrigation System
because several differences between the BIS officials and farmers regarding water management
problems and issues had been identified. There were occasional disagreements between officials
and farmers regarding the water distribution schedule. Farmer organizations of CADP were found
to be ineffective in water management activities. The farmers were of the view that they did not
own the system because, government financing and project planning and the use of contractors
had been predominant. There was poor communication and coordination between the farmers and
the irrigation staff.

Twelve farmers were selected for training by the farmers themselves during meetings called
by the IIMI field staff and the agency. The system manager and a fieldman were included in the
exchange field visit so as to provide exposure to irrigation staff members regarding the capacity
and potential of the farmers. Such joint field visits facilitated interaction between the agency staff
and farmer representatives.

Continuous Dialogue to Strengthen Water Users’ Groups

Several WUGs had already been formed by the users themselves before the farmer-to-farmer
exchange program was implemented. The objective of the continuous dialogue and meetings with
the different groups and factions of users undertaken by IIM1 was to facilitate dialogue between
the users themselves to form WUGs by themselves. However, after the exchange visits, the trainee
farmers informed their fellow farmers what they had learned, seen, and discussed during their
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visits. Several WUGs were newly formed and in the existing WUGs, new rules, regulations, and
roles were established with the objective of strengthening their organization. Not only were the
farmers motivated to form or restructure WUGs but the system manager himself; after having
returned from the field visit, began facilitating the formation of new WUGs outside the research

Thus, in short, IIMI stressed the fact that the formation of water users’ groups can only be
done by the farmers themselves and that outsiders can only facilitate the process. It was, therefore,
important to create an environment that brought about awareness amongst uncoordinated and
unorganized farmers of the need for an organization. This was partially brought about by the IIMI
field staff who discussed with farmers the issues they face regarding collective action, IIMI field
research staff first observed the behavior of both the agency and the farmers and their interactions
with one another. They also interacted with the farmers every week and in the process brought
about interactions between and among groups of farmers themselves. During such meetings, the
objectives of participatory management and the need for the involvement and participation of
farmers in the management of irrigation activities within their subcommand areas were
emphasized.

A participatory management program at the BIS assisted in the formation of thirteen WUGs.
Each WUG committee consists of a chairperson, vice-chairperson, secretary, treasurer and
patrolman selected by the farmers during a general assembly. The DOI staff often participated in
these assemblies. The active participation of the DOI staff members, especially the project manager
and the DIO chief was very crucial in facilitating confidence in the participatory management
program. The farmers and the agency staff saw each other as willing partners to involve each other
in the management of the system. Minutes of the general assembly recorded the WUG duties and
responsibilities. WUGs were formed based on both hydrological and village boundaries depending
on which ones the co-irrigators felt were most appropriate. The WUG members stipulated that a
WUG committee member must be: 1) an irrigator within the outlet, 2) a village resident, 3}
experienced in water management activities, 4) respected by the community, 5) able to mobilize
resources for operation and maintenance (O&M), and 6) minimally involved with party politics.

WUGSs defined their responsibilities as: 1) forwarding requests for water, seeds and other
inputs to the BIS management, 2) mobilizing resources for system O&M, 3) supervising canal
maintenance and cleaning, 4) keeping minutes of meeting, records of irfigation activities and
financial accounts, 5) collecting fines, 6) allocating and distributing water according to the water
distribution schedule, 7) holding regular meetings, 8) resolving water conflicts, 9) implementing
rules and regulations, 10) establishing good communication between the farmers and DOI, and
11} assisting with the preparation of the water distribution schedule. Each WUG has formulated
rules and regulations with the assistance of the DIO staff. The rules are still evolving as the farmers
call meetings when necessary to discuss the rules. Fines have been instituted and collected for
violation of rules.

SPECIFIC OUTCOMES OF FARMER PARTICIPATION ON BIS
IRRIGATION ACTIVITIES®

The specific outcomes of farmer participation on irrigation activities in Banganga can be outlmcd
as follows: :

49 For details see [TMY 1992a.
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Table 9.1. Labor contribution of water users’ groups ( WUGs) for canal maintenance in the
Banganga Irrigation System, monsoon season, 1991,

Serial No, Name of WUG Location Length (km) Area (ha) Total labor Total cost
within system days {NRs)

1 Bilaspur Head 4.50 212.03 600 19,200.00

2 Semari Head 250 77.23 130 4,160.00

3 Gobari Head 3.50 89.23 207 6,624.00

4 Tilaurakot Head 4,00 70.17 195 6,240.00

5 Laxminagar Head 2.50 139.81 79.5 2,544.00

6 Sukharampur Head 4.30 188.32 219 7,008.00

7 Sandawa Head 0.40 119.47 13 416.00

8 Mohoriya Middle 0.13 32.22 37 1,184.0¢

9 Lamtiya Middle 1.08 55.00 54 1,728.00

10 Bhander Middle 0.62 56.00 68 2,176.00

11 Ganeshpur Middle 1.98 55.00 82 2,624.00

12 Mahuwa Middle 2.00 198.41 44 1,408.00

13 Dalpur Middle 1.50 198.24 140 4,480.00

14 Hardihawa Middle 1.90 253.05 125 4,000.00

15 Gotihawa Tail 5.00 148.96 611 19,552.00

16 Shivapura Tail 5.00 115.05 401 12,832.00
Total 4091 2,008.19 | 3,005.50 96,176.00

Notes:  Length = Length of distributary canal and field channels maintained by WUGs in kilometers.

1)

2)

3)

4)

Total labor days = Number of person-days contributed by each WUG in maintaining the canals and channels.

Total cost = Estimate based on district wage rate of NRs 32/day/person (US$1.00 = NRs 42.00)

Farmer participation in O&M activities reduced O&M costs of DOI. This year alone, the
farmers mobilized NRs. 96,176 for O&M activities in BIS (Table 9.1).

There was increased farmer participation in meetings with DIO regarding conflict
management and the implementation of irrigation rules and regulations by WUGs. The
implementation of WUG rules and regulations was reinforced by fines for their infraction
by members (Table 9.2).

Being involved as partners in the irrigation activities of BIS and having invested their
time, energy, money and labor, some farmers have begun to have a sense of ownership
of the system,5¢

‘There was increased farmer participation in water allocation and in the preparation of the
water distribution schedule. This resulted in better distribution of water, particularly in
the winter season (Figure 9.2 and Table 9.3).

30 Ownership of the system by farmers cannot be envisaged in the immediate future given the facts that the whole system
will need to have water users’ groups (preferably, confederated in one) and that the irrigation policy of the government
has to address the ownership issue in the case of jointly managed irrigation sysiems,
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Table 9.2. Collection of fines by water users’ groups (WUGs), monsoon season, 199{.

Name of WUG 0 @ o) Total (NRs) |
Fines for absence at | Fines imposed for | Fines for absence at ‘ :
maintenance work grazing (NRs) meetings (NRs)
(NRs)
Laxminagar 340 340
Gobari 390 .25 415
Tilaura 315 315
Bilaspur 150 100 250
Gotihawa 120 115 235
Shivapura 275 75 350
Shukranpur 200 200 400
Total 1,135.00 1,145.00 25.00 2,305.00
Netes: 1. Fines imposed for being absent during groap work in canal maintenance.

2. Fines imposed on owner of livestock which were found free-grazing.
3. Fines imposed on commitiee members for not attending committee meetings.

Figure 9.2. Delivery performance ratios for winter seasons, 1991 and 1992,
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Table 9.3. Summary of irrigation delivery days as planned and observed (actual) and delivery
performance ratios (DPR) for the head, middle and tail sections of the Banganga Irrigation System,
winter seasons, 1991 and 1992.

Main canal Winter 1991 DPR Winter 1992 DPR
section
Planned Actual Planned Actual
Head 24 (25 50 (52) 2.08 13 (24) 19 (34) 1.46
Middle 48 (50) 27 (28) 0.56 25 (45) 21 (38) 0.84
Tail 24 (25) 19 (20) 0.79 17 (3D 16 (28 0.94
Total 96 (100) 96 (100) 55 {100) 56 (100)

1. The values in brackets are the ratios of irrigation delivery days to the total, in percent
2. DPR = Delivery Performance Ratio: Actual/Planned.

Notes.

Table 9.4. Introduction of crop diversification in the Banganga Irrigation System, winter season,
1992,

Village Maize Early rice Onion Sugarcane Banana Total

No. of (Areain| No. of |Area in{ No. of |Area in| No. of |Area in| No. of |Area in| No. of [Area in

house-| ha |[house-| ha |[howse-( ha |house-i ha |[house-| ha [house-; ha

holds holds holds holds holds holds
Bilaspur 18 1.47 6 1.58 1 0.03 25 3.08
Gobari 10 1.64 8 1.48 3 0.35 21 347
Semari 4 0.31 4 0.31
Tilaura 2 0.21 0.21
Sukhrampur| 3 021 0.21
Laxminagar{ 4 0.31 4 0.31
Lamtiha 16 4.27 4 0.56 20 4.83
Shivpura 46 2.73 46 2.73
Total 41 4.15 14 3.06 46 273 16 4.27 8 0.94 125 | 15.15

5) There was a gradual introduction of early rice and crop diversification with the farmers
having a sense of confidence in WUGs regarding the acquisition of water and its
distribution as well as in safeguarding the crops from free-grazing cattle (Table 9.4).

Overall, the major achievements of this project are: the strengthening of the thirteen water
users’ groups in BIS and the transformation and sensitization of the BIS/DOI staff, in particular
the BIS system manager. The farmer-to-farmer training method for effective organization was also
demonstrated. DOI-farmer dialogue was enhanced thtough the frequent meetings that the BIS
system manager has undertaken.
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CONCLUSION

This paper began with the policy and legal contexts of participatory management and proceeded
to deal briefly with IIMI's experience in facilitating farmer participation in irrigation management
of a large Terai irrigation system in Nepal. Working within the constraints of both agency and
farmer behavior, the involvement brought forth certain issues that may have general applicability
towards the promotion of farmer empowerment such that they are actually partners of i lmganon
management with the agency.

The experience gained in this project leads us to several concerns and the rethinking to be
done in terms of the process to be adopted during joint or participatory management and the extent
to which rights are guaranteed to WUAs in such endeavors. In joint or participatory management,
it would be important to address issues relating to farmer/agency partnership regarding power,
authority, rights, responsibilities, sharing of activities, duties, mutual trust and accountability. It
would be important for any government to strive for a true partnership taking into account the
strengths, weaknesses, and the potential of partners with real ownership powérs and the associated
rights. This is in contrast to “partners” who are really beneficiaries and “ownership” which is only
a sense of ownership.

It is true that a series of legitimate reasons can be voiced in favor of participatory management
in Nepal. These reasons relate to reducing costs, enhancing performance, enhancing agricultural
productivity, the agency shifting into newer roles and spreading itself too thin, etc. The question
of the need for participatory management can be posed this way too: Is participatory management
being promoted because of fiscal crises and the inability of the government to shoulder all the
administrative, financial, and logistical burdens of irrigation management and expansion, or is it
because of a genuine interest in partnership and support of local initiatives? This can also be viewed
from the aspect of resource mobilization crises and the legitimacy crisis: Is the government willing
to support rather than supplant local initiatives thereby not only augmenting its resource
mobilization but also, in the very process, sharing power with the local users, now partners, by

empowering them to control resources that affect their own lives and thus gaining legitimacy in -

the eyes of the public? Thus, as farmers become invoived in the management of their “own”
resources, they have more control over their own lives, both economically and socially. Shared,

participatory irrigation management has the potential for improving both agricultural pmduction
and social well-being.

Specific results or outcomes were also described whereby the process performance
contributed, although in an indirect manner, to the output performance. With the organization of
thirteen water users’ groups, a significant contribution was made in terms of labor for canal
maintenance. Better relations and communications with the Banganga Irrigation System staff were

fostered. Reductions in water-related conflicts and destruction of water control ‘facilities were -

observed. More participation of farmers in main system management was also attained. All of
these conttibuted to the more equitable distribution of irrigation water, particularly in the winter
season. '

Thus, despite the limited period for undertaking this action-research project, the foregoing
results and emanating issues are considered significant contributions to a better understanding of
the process in organizing farmers and their implicit effects on output performance..
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CHAPTER 10

Performance of Chashma Right Bank Canal:
Technical and Economic Indicators in the
Context of Crop-Based Irrigation Operations

Pierre Strosser and Carlos Garces

INTRODUCTION

POPULATION PRESSURE COUPLED with watershed deforestation, secondary salinization,
waterlogging and crop yicld stagnation are some of the serious issues being faced by the irrigated
agriculture sector in Pakistan. This state of affairs has led the Government of Pakistan to search
for fresh and innovative ideas on how to improve the performance of irrigation systems and on
how to assure their sustainability.

The introduction of crop-based irrigation operations into traditional supply-side irrigation
schemes is one of the mechanisms through which the government would like to see a radical
departure from longstanding practices.

The construction of a new irrigation system, the Chashma Right Bank Canal (CRBC) and the
remodeling of an existing one, the Lower Swat Canal, both in the North-West Frontier Province,
provided an excellent opportunity for the provincial government to try out the concept of seeking
a better match between the supply and demand of scarce water resources. This approach, referred
to as crop-based irigation operations, was a part of the project plans, but difficulties were
encountered in its implementation. Since July 1991, the International Irrigation Management
Institute (IIMI) is implementing, in collaboration with concerned local agencies and through
funding from the Asian Development Bank, a three-year project to attempt to understand and
identify ways of overcoming these problems.

This paper relates some of the constraints encountered during the first year of activities and
sets forward a series ‘of performance indicators being utilized in the context of crop-based
irrigations but with the caveat that the system continues to operate in the traditional supply-based
approach. Wherever possible, performance guidelines proposed by members of IIMI's
Performance Task Force (see Murray-Rust 1992) have been followed in order to pursue
standardization of concepts throughout the Institute.

THE CRBC IRRIGATION SYSTEM

The Project

The Chashma Right Bank Irrigation Project (CRBIP) will create a major perennial surface
irrigation system that, once completed, will cover a gross command area of about 280,000 ha of

247
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Figure 10.1. General plan and location of Chashma Right Bank Irrigation Project (CRBIP).
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land on the right bank of the Indus River in Centrat Pakistan, stretching between Chashma and
Taunsa barrages (see Figure 10.1).

The main source of water for the system is the Indus River by means of the Chashma Barrage
which was commissioned in 1982. The main canal is 285 km long with a culturable command area
(CCA) of 230,675 ha that spans two provinces, the North-West Frontier and Punjab, in a 60 to 40
percent proportion, respectively.

Because of the magnitude of the project, construction of the main canal and the distributaries
has been subdivided into three stages. Stage I runs for 79 km (RD 000 to RD 260) and covers a
CCA of 56,600 ha, Stage II runs for 37 km (RD 260 to RD 380) with a CCA of 36,240 ha and
Stage Il runs for 142 km (RD 380 to RD 846) with a CCA of 137,835 ha {one unit of RD represents
1,000 canal-feet).

Construction of Stage I has been completed and the system became operational in early 1987,
it includes the old Paharpur Irrigation System which has been remodeled for increased capacity
and is now being fed by the CRBC through 4 link channels. The full capacity of 138 cumecs of
the main canal, to be distributed through 49 distributaries and 4 link canals, is not likely to be
utilized for the remainder of the century upon completion of Stages Il (which is in an advance stage
of construction, with completion scheduled for mid-1993) and L1I (construction scheduled to begin
in 1993).

The total cost of the project has been pegged at Rs 10,213 million (WAPDA 1991). The Project
represents the newest system in the country and the largest undertaken to date in the North-West
Frontier Province. It is looked upon as a model for future irrigation-expansion-related activities.
The main features of the CRBC Irrigation System are summarized in Table 10.1.

Water Distribution at Main-Canal and Secondary-System Levels

The system faces the dichotomy of having been designed in a supply-based delivery approach,
which is long rooted in the country’s irrigation community, while the desire is to operate it in a
crop-based approach. While the former is being exercised through an administrative system, the
latter requires that the process of water distribution be managed. The degree of success expected
in operating the system will depend on the extent to which these two different approaches can be
reconciled.

For example, designed water deliveries at the main-canal level were calculated on the basis
of a 10-day total crop water requirement (losses included) and they vary from a minimum of 40
cumecs to a maximum of 137 cumecs. The distributaries, on the other hand, following traditional
supply-based irrigation as advocated by the agency, should run no lower than at 70 percent of their
full supply level (FSL). In the main canal, it is possible to achieve the required water elevations
by means of existing cross-regulators, escapes and gated offtakes;*' but, comparable operational
flexibility is not found at the distributary level.

The above issue is further clouded when no decision at the highest provincial and/or federal
level exists on how flows are to be diverted into the CRBC through continuous peak-requirement
flows, with the excess flows returned to the river by means of existing escapes or by varying
discharges according to total crop water requirements. The final decision will certainly have an
impact on how the system is to be operated.

51 This particular issue of whether the existing main canal infrastructure is sufficient to cope with varying flows is also
being studied by IIMI under the Decision Support System sub-component of the Cooperative Agreement Project. See,
for example Habib, Z. et al. (1992).
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Table 10.1. Main Features of the CRBC Irrigation System.

Construction begun in . 1986
Supply sources Indus and Kabul rivers

Source regulation Chashma Barrage

Type of system Gravity flow
Average water allowance 0.60 lps/ha
Type of main canal RD” 000 to RD 097 unlined; RD 097 to end lined.
Length of canal network 603.37 km
Type of outlets : Pipe
Drainage system Tile drains in selected areas of Stage |

Stage | Stage I1 Stage I Total
Design discharge (cumecs) 3473 22.63 80.72 138.07
Length of main canal (km) 87.88 40.56 157.17 . 2856
No. of distributaries 5 + (4 links) 8 36 53
CCA (ha) 57,605 35,547 135,523 230,675

Kharif Rabi | Total

Designed cropping intensity (%) 60 90 150

* One unit of RD ("Reduced Distance™) represents 1,000 canal-feet.

At present, however, project monitoring activities clearly indicate that the water supply being
provided to Stage I of the CRBIP exceeds crop water requirements; but, there is considerable
inequity in the distribution of water, despite the excess, with those areas at the tails of the command
receiving less. The excess water supply, notwithstanding the conditions at some tail reaches of
watercourses, has created a sense of abundance of the resource among water usefs. Clearly, as
more and more land is brought under irrigation, the system will necessarily have to reduce water
supplies in Stage I creating conflict with the users already accustomed to overdeliveries.

A final comment that can be made in this section relates to the state of flux that still prevails
in the development of the system as a whole. While the area under irrigation in Stage I'has been,
for the most part, consolidated, Stage I1 is continuously bringing new land into irrigated conditions
as construction advances. That changing situation has deterred the operating agencies ( Water and
Power Development Authority {WAPDA] at main-canal level and the provincial Irrigation
Department [ID] at distributary level) from taking firm operational decisions because these may
no longer be relevant in a short time. Thus, the government institutions are reluctant to try any
bold initiatives at this point in time. ' '
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Water Management below the Outlet

Influential farmers appear to be the main individuals who decide on the distribution of water at
the watercourse level. Very few formal requests for an official allocation of water among irrigators
have been made to the Irrigation Department. In most of the watercourses, water is allocated
through an unofficial warabandi (fixation [bandi] of turns [waral) with a 7-day rotation.

The warabandi system, however, is not always followed by farmers. First, exchange of turns
seems to be a rather common practice to increase the flexibility of the warabandi (unofficial or
official). This is the case especially for the head-end farmers of the watercourses. Second,
differences in water distribution exist between seasons, Farmers are much less concerned by their
water turns during the rabi season, with the water supply exceeding the demand by a vast amount.
They share their irrigation water turns (for example, up to 6 farmers from the same watercourse
have been reported to irrigate at the same time during the last rabi season of 1991/92) or they close
their outlets when water is not needed. During the kharif season, they tend to follow their warabandi
more closely.

Even if water is in excess at system level, differences are found when comparing watercourses
and farmers. Water availability and the management of water, for example, are major concerns of
farmers located in the tail reaches where water is scarce. Some of these farmers even purchase
water from other farmers in order to have a sufficient irrigation water supply.

Most of the Water Users’ Associations organized by the On-Farm Water Management
Department at the time of the lining of the watercourses have ceased to exist or do not function
anymore. Farmers cooperate to maintain their watercourses, but this cooperation remains limited.
They rarely intervene jointly in the management of water above the outlet, except in extreme cases
like the tail-end farmers from watercourses of Distributaries 3 and 4, who have been able to
organize themselves to influence the operating agencies to build a specific minor (J abbar Wala
Minor) to irrigate their lands.

Farming Systems and Agricultural Production

Nearly all the farmers of the command area of Stage I had experienced irrigated agriculture before
the commissioning of the CRBC. However, these experiences were gained mainly in tubewell
(public or private) irrigation or canal irrigation with much smaller water flows than the ones
delivered by the CRBC. Farmers and their farming systems are still in a transition phase, the
farmers trying to incorporate the high water duties specific to this new irrigation environment.

The importance of rice (around 20% of the CCA) and the emergence of sugarcane (although
still occupying a relatively small percentage of the CCA) are indicators of the impact of the new
water supplies on the cropping patterns and the farming systems. However, farmers remain highly
rabi-oriented, the percentage of fallow land being much higher during the kharif season (40% of
the CCA) than during the rabi season (10% of the CCA). The migration of a part of the population
to the hilly areas at the beginning of the hot season, leaving some land fallow during the kharif
season, is one factor that explains this rabi orientation. Another one could be the current irrigation
water supply which seems to be relatively more scarce during the kharif season.

Forty to fifty percent of the CCA is cultivated to wheat and around 20 percent of the CCA is
under gram (a type of pulse). The importance of gram, rarely irrigated, is explained by the position
of this crop in the wheat-rice-gram-rice rotation and by the fact that farmers are not yet fully adapted
to the higher irrigation water duties of the CRBC system. The other crops grown are fodder (rabi
and kharif seasons), maize and some vegetables and oilseeds.
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The average farm size is 12.5 ha (average of data from 318 farms of distributaries 3 and 4),
90 percent being irrigated land. However, more than 50 percent of the farmers cultivate less than
5 ha of land each. Differences in the farming systems exist within the command area of Stagel.
The areas supplied by Distributary 1 are not yet fully developed with a substantial percentage of
fallow land; in distributary 3, the cropping pattern is more diversified than in the rest of the system;
farmers from Distributary 4 are more oriented to raising livestock (mainly goats and sheep),
certainly due to the fact that many of the farmers from this distributary are recent settlers including
migrant tribes from Afghanistan.

The main constraints on agricultural production reported by farmers are related to land
development (fields too high or not leveled), itrigation water supply (as reported in the previous
section) and lack of credit to buy the necessary inputs (seeds, fertilizers), machines (tractors) or to
develop their land. The last aspect, credit, is seen as especially important for some farmers having
invested large amounts of money in the purchase of expensive newly irrigated land. They find
themselves without enough money to develop this land or to buy inputs for a cropping season.

PERFORMANCE INDICATORS FOR CROP-BASED IRRIGATION

The main objectives of this part is to define and discuss a set of performance indicators to be used
in a crop-based irrigation context. The different aspects taken into account in the selection of
appropriate indicators for the performance assessment of the system are primarily the objectives
of crop-based irrigation themselves and also some characteristics of the studied irrigation system,
Chashma Right Bank Canal.

Objectives of Crop-Based Irrigation
The primary objective of Crop-Based Irrigation is :

to increase the utility of land by supplying water to a specified system according to crop
water requirements.

Adequacy and timeliness are two important components of such a supply leading to the
necessity to have a flexible supply system, flexible not only over time (to respond to changes in
the irrigation water requirements due to changes in crop needs or rainfall) but also over space (to
distribute different quantities of water to different parts of the system according to specific needs).

What is meant by "system” here is the irrigated agriculture of a delimited area, in this case the
command area of the CRBC. It includes not only the water distribution system per se but also the
farming system with its different characteristics in terms of inputs used, transformations
undertaken and outputs produced (in the following sections, for example, the output of the system
will be related to agricultural production).

The definition of the type of performance to be considered is the first step of the analysis of
the performance of an irrigation system. Three different views of petformance (Murray-Rust 1992)
are chosen to frame the discussion:

1. Objective-setting performance: to evaluate the relevance and feasibility of objective(s)
selected for the operation of an irrigation system.
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2. Operational performance: to compare the actual operation of the system with a defined
set of targets.

3. Output performance: to evaluate the impact of the operation and management of an
irrigation system on agricultural production.

It has to be emphasized that these three views are complementary and interrelated. The choice
of feasible targets for the operation of the system, for example, will be evalvated in the
objective-setting performance analysis.

In a second step, the level of focus has to be clearly defined. Although general objectives are
set for an irrigation system, it is useful to understand what is meant in terms of objectives at different
levels of the irrigation system (main canal, distributary, watercourse, farm, field). Following the
same line, targets for operational performance are expected to vary from cne level of the irrigation
system to the other. Different individuals or groups are involved in the operation and the control
of the water flows at each level and they are responsible for its performance. Finally, the output
will be evaluated and more or less aggregated according to specific needs (study of yields at farm
level or analysis of the capacity of agricultural production of the system, etc).

Suggested Performance Indicators

Objective setting performance. Three aspects have been identified as having greater importance
within a crop-based irrigation environment.

The first one is related to water resources and the availability of water for irrigation. The
question whether there is enough irrigation water to match water requirements of the crops of the
area has to be answered clearly. This issue will be addressed by the calculation of the Allocation
Adequacy Indicator, defined as the arithmetic mean of the relative differences between the water
allocated and the water required (in absolute values) measured daily for 10 days,

The comparison between the flows in the Indus River at Chashma Barrage ajd the flows
required for the CRBC shows that the quantity of water available in the Indus River is not a limiting
factor at all. More important than the flows passing through Chashma Barrage, however, is the
amount that has been (or will be) allocated to the CRBC Irrigation System.

Although it is stated in the Loan Agreement between the Asian Development Bank and the
Government of Pakistan®? that

...CRBIP will have a maximum withdrawal rate of 5,000 cfs from the Chashma Barrage
at the Indus River ... available at any time of the year...

it is difficult to estimate, at present, the amount of water that will be allocated in the future within
the context of the recent Water Treaty and negotiations between the 4 Provinces of Pakistan for
the allocation of the water resources of the country.*

The second question to be addressed is whether the CRBC Irrigation System can be
operated as a crop-based irrigation system. Has the system been designed in such a way that
water can be distributed according to the crop water requirements ? This approach is more technical

52 Para 4, Schedule 6, Loan Agreement No. 330, Chashma Right Bank Irrigation, approved 15 December 1977

53 This problem of allocation is already playing a role in the delays occurring in the design and construction of Stage 111
of the CRBC (approximately 80% of which is located in the Punjab Province while Stage I and Stage I are located
entirely within the North-West Frontier Province).



254

and has to consider not only the installed infrastructures and the possibilities of water control at
different points of the main and secondary canals but also some hydraulic parameters as velocity
or sedimentation rate, important in a proper longer-term evaluation of the constraints and
limitations of the physical system.

The Physical System Adequacy is the indicator used to evaluate the adequacy of the physical
system, calculated as the percentage of time the objectives of crop-based irrigation could be met.
It will be calculated as the ratio of the number of 10-day periods of a year the objectives could be
met divided by the total number of 10-day periods in a year.

The third (last) aspect has to do with the operation of the system itself : are the operators
able to operate the system in a crop-based irrigation mode ? The financial resources of the
operating groups (farmers included), the personnel needed to operate the system in a proper
manner, or the information system needed for a proper flow of information between agencies and
farmers are important components to be considered within this last aspect.

This issue has not been addressed in this paper. However, the comparison between what is
needed for the operation under crop-based considerations and what is available is a simple way,
in principle, to estimate this third aspect, expressed as a percentage ("funds available/costs of the
operation of the systern” or "personnel available/personnel needed for crop-based irrigation
operation™).

Operational performance. The adequacy of water supplied in relation to the water requirements
of an irrigation scheme is the main objective of crop-based irrigation. The Relative Water Supply
(RWS), the ratio of the supply to the demand {Levine 1982), appears to be an appropriate indicator
to assess this adequacy. However, although this indicator appears to be relatively simple, a set of
questions related to the definition of supply and demand, levels at which RWS has to be calculated,
targets for RWS, etc,. has to be addressed carefully.

Using field water requirements as demand and setting realistic targets for the various levels
of the system is the approach recommended by Bird et al. (1992) and it has been used in this paper.
The 10-day RWS is the basic indicator calculated at main-canal, distributary and watercourse
levels. For each 10-day period, the RWS is calculated as presented below:

Trrigation + Effective Rainfall

RWS =
Crop Water Requirements + Seepage and Percolation

Due to the impossibility of collecting irrigation application data for sample farms in the CRBC
area, it is not possible to calculate the RWS at farm level, which is necessary for the analysis of
the variability of this indicator in the farm population.

Four different indicators (based on 10-day RWS and the amount by which it differs from the
target supply over time) have been chosen for the evaluation of the operational performance at
different levels of the CRBC Irrigation System. The first two indicators are related to the adequacy
of the supply and are:

o  The Seasonal Adequacy Indicator. This indicator is an estimate of the relative difference
of the RWS to the target>® for each location and period of time and its arithmetic mean
is used to calculate the value of the indicator for a given period of time (in this case, a

54 Target values to be used at different levels of the system are respectively 1.38, 1 .45 and 1.55 for watercourse, distributary
and main-canal levels, based on estimates of conveyance losses at watercourse, distributary and main-canal levels.
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season). It is an estimate of the adequacy of the total supply of irrigation water for a
season, assuming that an oversupply during a period of time can be used during the next
under-supplied period,

e The Supply Inadequacy Indicator is the same relative difference as above but when the
target supply is greater than the RWS (negative values of this difference). As the basic
Molden and Gates Adequacy Indicator (Molden and Gates 1990), it indicates undersupply
which could lead to crop stress and yield reduction,

The other two indicators selected, which are more oriented towards the operator itself, are:

e The Supply Mismatch Indicator, an evaluation of the performance of the operators
themselves, is the average over the season of the difference between the actual operation
and specific targets (varying over time) in absolute values.

e The Equity Indicator is the average of the spatial coefficients of variation of the RWS,
which is an evaluation of the discrepancies among locations of the CRBC Irrigation
System.

The four indicators are compared to zero, which represents the ideal crop-based irrigation
operations. The indicators calculated in current conditions represent the deviation in terms of
percentage from the target value, an estimation of the discrepancy between crop-based irrigation
operations and current operations of the system.

Output performance. Different aspects of the farming system have to be considered in the analysis
of the impact of the irrigation water supply on the agricultural production: cropped area, cropping
pattern, yields or inputs used, etc. In order to aggregate the different aspects of the farming system,
the weighted gross margin per .nit of land is used as an economic indicator.

This average gross margin is ultimately calculated for different watercourses and
distributaries.> Its spatial coefficient of variation is also calculated to estimate an economic equity
among different locations of the present irrigation system.

The analysis of the different components of this indicator, however, is still needed in order to
understand the decision-making process of the farmers. Cropping intensity, cropping pattern,
yields and gross margins for specific crops are analyzed and compared to design values (for
cropping intensity and cropping pattern) or values available from other sources.

In this paper, cropping intensity and cropping pattern at a watercourse level are evaluated
against design values. Yields per unit of land (kilogram per hectare) and gross margin per unit of
land (rupees per hectare) for the wheat crop only are computed and compared to available
secondary data.®® Moreover these will serve as benchmark values for IIMI's work in the area.

55 Similar indicators could be calculated using the energy content of a kilogram of each crop product or using wheat
equivalent values as described by Carruthers et al. (1983).

56 For the next seasons, data will be collected for other main crops and the weighted gross margin per ha computed.
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IIMI’s Crop-Based Irrigation Operation (CBIO) Project: Some Comments

The previous discussion has been based on crop-based irrigation considerations only, without
including other objectives or constraints of the CRBC Irrigation System. Although IIMI's
Crop-Based Irrigation Operation Project in the North-West Frontier Province (NWFP) is mainly
oriented towards crop-based irrigation, one of its many objectives is:

to improve the overall productivity of water resources within the authorized water
allocations and subject to the available supplies.

This is not an explicit objective for the operation of the CRBC Irrigation System. But given
the scarcity of the water resources in the country, it is an implicit one. The weighted gross margin
per unit of water will be the other output performance indicator to be compared with available
secondary data and to assess changes in productivity. The monitoring of the productivity of water,
however, has a real meaning only if water saved within the CRBC is used soricwhere else
downstream along the Indus River. '

The problem of water allocation is raised here, leaving open the possibility of crop-based
irrigation operations within a water-scarce environment (by water-scarce it is meant that enough
water is not available for the crops planted by the farmers of the area). Although water is in excess
in the curment situation, new land developments, changes in cropping intensities and cropping
patterns are expected. Moreover, Stage II and Stage IIf of the CRBC wilt become functional and
draw a part of the available water supply. If water is scarce, the primary operational objective
becomes equity and the minimization of the spatial coefficient of variation of the RWS,

Some of the constraints of the CRBC Irrigation System operation have to be taken into account
when defining the targets for the operation of the system. The need to close the -canal for
maintenance during a certain period of the year is one of these constraints. The target for the
operating agencies during this period is not to match the irrigation water supply to the crop
irrigation requirements anymore but to deliver no water. Out of all the indicators described and
selected, only the Supply Mismatch Indicator has to be modified accordingly.

Table 10.2. Performance indicators for the CRBC Crop-Based Irrigation Operation Project.

Performance Indicator Target
Objective setting * Allocation Adequacy 0
' * Physical System Adequacy 100%
* Personnel (or Financial) i
Avaitability Ratio (in %) 100%
Operation * Seasonal Adequacy 0
* Supply Inadequacy 0
* Supply Mismatch 0
* Equity 0
Output * Weighted gross margin Compared to secondary data
(per unit of land and per unit of water)
* Cropping intensity Design
* Cropping pattern Design
* Crop yield and gross margin per unit of land Compared to secondary data
* Crop yicld and gross margin per unit of water Compared to secondary data
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Summary of Performance Indicators

To address issues related to objective-setting performance, operational performance and output
performance, a set of indicators has been selected. These indicators are presented in Table 10.2,
along with their target values. Their mathematical formulae are described in the Appendix.

APPLICATION OF INDICATORS TO THE CRBC, RABI 1991/92
SEASON

Methodology and Data Collection

The first objective of IIMI's project in the CRBC area has been to analyze the current operation
of the irrigation system and to assess its level of performance (operational performance and output
performance). To calculate the different indicators proposed in the previous section of this paper,
a large set of data (primary and secondary) has to be collected. At the main-canal level, the core
of data which has been used is secondary data (collected by WAPDA). Primary data collected by
IIMI field team are increasingly important while addressing issues at smaller irrigation units
(distributary, watercourse, farm and field levels). Table 10.3 summarizes the main components of
the primary data set collected during the first rabi season.

Table 10.3. IIMI Data Collection Program, the CRBC, rabi, 1991/92.

Study Component Field activity Main | Distributary | Watercourse/
canal Farm
Irrigation system Simulation Canal monitoring XXX XXX —
operation Water management Interviews, Warabandi — . XXX XXX
Supply and demand of | Water supply — XXX XXX
irrigation water Water losses Flow measurements — XXX XXX
Crop requirements Maps, crop survey — — XXX
Irrigation institutions Role of agencies Officials’ interviews 26X XXX XXX
Role of farmers Farmers' interviews — XXX XXX
Economics of the Farming practices Survey (contractor) — o XXX
CBIO and regular
Agricultural monitoring
input/output e —_ XXX
Others Social environment Survey (contractor) — — XXX
Meteorology Rainfali, Evaporation XXX — —

Note: XXX denotes that the data in a row were collected at the level in the comresponding colurnn.

Two distributaries (Distributary 3 and Distributary 4) have been monitored since November
1991. In each distributary, 8 watercourses have been selected, 2 in each quartile of the distributary
command area. Because of the integration of the Paharpur Canal Irrigation System into the CRBC
Irrigation System, Girsal Minor, continuation of Distributary 3 in Paharpur command area, has
been included in the regular monitoring as well. In four watercourses from Distributary 3, six
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sample farmers have been monitored regularly to gain a better understanding of their farming
practices and water management at farm level.

The present study focuses on the operation of the main canal and one distributary, Distributary
3, and its watercourses. For this distributary, management changes at a secondary and tertiary level
were tested ultimately. Distributary 4 was used as a control and its performances was compared
to the performance of Distributary 3 with improved irrigation operations. Most of the data cover
the 1991/92 rabi season period. To understand the operation of the system, however, data on the
water supply up to June-July, 1992 were also used.

Current System Operation and Operational Performance

The discharge of the water released from the Chashma Barrage at the head of the CRBC is fairly
constant for a season. WAPDA data reveal that the discharge for rabi 1991/92 (between November
1991 and April 1992) has, most of the time, been equal to 55 cumecs, varying from 48 cumecs to
60 cumecs. For the kharif season (end of kharif 1991 and beginning of kharif 1992), the discharge
is equally constant and close to 70 cumecs (see Figure 10.2).

Figure 10.2. Discharge of water from the CRBC: Irrigation, escape flows and losses.
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For two periods, however, the discharge of the head of the CRBC has been different. No water
has been released into the canal from January 15 to February 25, 1992, for the maintenance of the
irrigation water supply network. This canal-closure period was first supposed to take place from
the Ist of January to the 31st of January. However, it started only on January .15 for technical
reasons related to the Chashma Barrage operation and lasted 10 days more than planned because
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some structures had to be repaired at distributary level. The discharge of the two weeks before the
canal closure, on the contrary, is rather high. The peak is related to repairs and/or maintenance
work at the barrage; the CRBC canal was used as an escape to facilitate the work.

Figure 10.2 also highlights the discrepancy between the amount of water released at the head
of the CRBC and the amount used for irrigation. It shows that the supply at the head does not
follow recorded changes in irrigation water. Both are quite similar for one period only (April 1992),
This, however, is mainly due to the way WAPDA records the amount of water for irrigation,”
which does not represent what is effectively used for irrigation by farmers. For most of the time,
the discrepancy between the volume of water released at the head and the volume of water used
for irrigation is due to the widespread use of the escapes (in fact, mainly, the escape at the end of
Stage I) at main-canal level.

The four distributaries monitored by IIMI during the same period do not follow the same trend
as the main canal as could be suspected by looking at the changes in the volume of irrigation water
reported by WAPDA. The discharges recorded by WAPDA are much more variable as shown in
Figure 10.3, which presents the ratio of the actual discharge to the design discharge,’® recorded
daily from October 1991 to June 1992 for Distributary 1 and Distributary 3.

Figure 10.3. Ratio of actual discharge to design discharge: Distributaries 1 and 3 of the CRBC,
October 1991 to June 1992.
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57 During April 1992, repairs were made at the escape structure at the end of Stage I. A part of the extra water flowing in
the canal has escaped into Stage I1. This water, although not used for irrigation, is recorded as irrigation water following
WAPDA data collection formats.

58 What is defined here as the design discharge is the value used to calculate the required capacity of the different
distributaries to carry the maximum discharge during the peak crop water requirement period. It is not an operational
target discharge.
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For the period March to June, the four distributaries follow a similar trend, with, first, a
decrease in the daily water supplied to the distributaries (at the wheat harvesting time) followed
by a marked increase starting in May, the beginning of the kharif season with higher irrigation

water needs. It is interesting to note that the discharge at the head of the CRBC has also increased

at the beginning of the kharif season but only one month later than the increase recorded at
distributary level.

The comparison of the ratio of the daily discharge over design discharge with two threshold
values, 100 percent of the design discharge and 70 percent of the design discharge (indicated by
the Irrigation Department as the lower limit at which they could run the distributaries) leads to the
following conclusions:

e The discharge of Distributary 1 is well below the 70 percent the threshold most of the
time, due to the low level of development of the agricultural land in its command area.

e The discharge at Distributary 3 head varies from 50 percent to 100 percent of the design
discharge during the rabi season. The trend for the beginning of the kharif season shows
that much higher values will be attained.

»  The discharge at the head of Distributary 4 is fairly constant and close to 70 percent of
the design during the rabi season. The first values for the kharif season seem to predict a
constant discharge for kharif but at a higher level, close to 100 percent of the design
discharge.

» Distributary 2 discharge covers the largest range of discharges, from 20 percent to 120
percent during the rabi season and more than 150 percent at the beginning of the kharif
season.

Moreover, the analysis of the monthly coefficient of variation of the discharge shows that the

largest distributary and the one closest to the cross regulator at the end of Stage I, Distributary 4, -

has the lowest monthly coefficient of variation for every month. Most of the time, Distributary 3
has the highest coefficient of variation of the four distributaries of the group, except for March
1992 when Distributary 1 has the highest coefficient..

To understand the behavior and the operation of the distributaries, data. collected in
Distributary 3 has been used. The water supplied to Distributary 3 served three different areas: the
area of Distributary 3 itself, the area commanded by Kech Minor taking off at the tail of Distributary
3, and the command area of Girsal Minor which is the continuation of Distributary 3 in the Paharpur
Canal Irrigation system. From January to June 1992, water delivered at the head of the distributary
has been much higher than the requirements of the distributary itself and Kech and Girsal Minors,
The oversupply released to the downstream part of Paharpur Canal is represented in Figure 10.4
in comparison with the three other components of the Distributary 3 water supply.

The 8 sample watercourses monitored in Distributary 3 since Octaber 1991 react differently
to changes in the discharge at the head of the distributary. The average discharge into the
watercourses varies from one watercourse to the other. Watercourse 6468-L, for example, has an
Average Q/Design Q ratio of 1.2 against a value of only 0.65 for the last watercourse of the
distributary, 15382-R. However, the analysis of the average discharge at a watercourse head is not
sufficient to estimate the quantity of water used by irrigators. They can control the discharge by
closing and opening their moghas at the distributary side or at the watercourse side. Data collected
by [IM1 from November 1991 to August 1992 highlight the extent of this practice, from one month
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Figure 10.4. Water distribution below Distributary 3 head: Daily discharges in cumecs.
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to the other, where outlets are closed by farmers from 30 percent (June 1992, at the time of rice
transplanting) to 70 percent (April 1992, at the time of wheat harvesting) of the time.*
The duration (% of days) for which outlets were open is shown in Figure 10.5. There is no
‘relationship between the percentage of days the outlet is closed and the position of the outlet along
the distributary, from the head to the tail. Moreover, the proximity of a drop structure, which may
allow control of the water surface level in the distributary, does not have any unpact on the
percentage of days watercourses are open.
Using flow data presented above and the cropping pattern for 8 watercourses in Dlsmbutary
3 (see Impact on Agricultural Production on p. 263), the Relative Water Supply has been computed
for each.10-day period of rabi 1991/92 at different levels of the irrigation system: as discussed
earlier unider Performance Indicators for Crop-Based Irrigation (p. 252). At every level (the CRBC
head, Distributary 3 head and heads of sample watercourses), the variation in the RWS has been
quite significant over time.
Figure 10.6 highlights this temporal variation of the RWS for 2 sarnple watercourses
monitored by TIML. The cut in the irrigation water supply during the. canal. closure of
. January-Febriary 1992 period is naturally expressed by a very low RWS for three periods of 10
days. For the whole season, three localized peaks are observed, corresponding mamlyto the pericds
of pre-irrigation (end of October), first irrigation (December) and second irrigation (March) of the
wheat crop, which is predominant in the current cropping pattern of the sample watercourses. Two
of these three peaks surround the canal-closure period and thus partly compensate for the shortagc
of water during this 40-day-long period.

Figure 10.6. Variation of RWS of two sample watercourses, 5 70-L and 1015-R of Distributary 3,
CRBC.

2.5 [—

] 1 Y 7 »”
/, Y \ S /
i \ vy

15 Il A f v } _.’l\' !

A

11/01 12/91 01/92 02/92 03/92 04/92
Month

RWS

— 570 - --10150-R — Target

59 Percentage of the time outlets are closed calculated as percentage of the days water was available in the distributary;
thus it does not include the canal-closure period.
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Based on the 10-day RWS, the main operational indicators described earlier have been
calculated at different levels (watercourses of Distributary 3, Distributary 3 head and the CRBC
main-canal head) and are presented in Table 10.4. For each of the indicators, the target is zero and
calculated values represent the relative deviation from the target.

Figures calculated for Seasonal Adequacy and Supply Mismatch show that the performance
of the operation decreases from the watercourse to the main-canal level. At a watercourse level,
farmers compensate their deficits (-28% for Supply Inadequacy) by applying more water during
the rest of the season leading to a value of zero for Seasonal Adequacy. Differences between
watercourses, however, are relatively high as shown by the value 0.27 of the Equity Indicator (0.25
is considered the limit between fair and poor performances [Molden and Gates, 1990]). At higher
levels, Supply Inadequacy is lower due to an excess of water supplied to the system, expressed by
high vaiues of Seasonal Adequacy and Supply Mismatch. These last figures indicate a relatively
poor performance at main-canal level.

Table 10.4. Performance indicators at three levels of the CRBC Irrigation System, rabi 1991/92,

Level Seasonal Supply Supply Equity
Adequacy Inadequacy Mismatch
CRBC® head 70% -11% 73% -
Distributary 3 head 12% 21% 37% —
Distributary 3 watercourse 0% —28% 40% 0.27

Impact on Agricultural Production (Output Performance)

Although farmers are said to be still adjusting to changes in irrigation water supply, the cropping
intensity for different watercourses monitored in Distributary 3 is surprisingly close to the design
value of 90 percent, with a low spatial variability over the watercourses (the coefficient of variation
for the cropping intensity is equal to 0.02). However, large differences in terms of cropping pattern
are reported from one watercourse to the other. The actual area under wheat is higher than the
design value (55% versus 45% in the cropping pattern used for the design for the irrigation system;
see WAPDA 1991, page 45), but the main differences lie in the areas under gram {a crop requiring
very low irrigation) and sugarcane (with high irrigation-water requirements): for all the sample
watercourses (see Figure 10.7), the percentage of the CCA under gram is higher and the percentage
of the CCA under sugarcane is lower than the design values.

The differences in the area cropped for these two particular crops highlight the current
transitory state with farmers still taking decisions as if the water duties would be lower than the
present ones, and closing their outlets to prevent the water supply exceeding their requirements.
The specific position of gram within a wheat-rice-gram-fallow cropping pattern and the
competition in terms of irrigation water between sugarcane and rice during certain periods of the
kharif season could be due to other factors to be taken into consideration in explaining differences
between the design cropping pattern and the actual one.

60 At the head of the CRBC canal, the 10-day RWS have been approximated to the ratio of water released at the head to
volume of irfigation water recorded as such by WAPDA. Thus values given in the Table are underestimates of the real
values for the different indicators.
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Figure 10.7. Ratio of actual area under crop to design area, for 8 watercourses of Dlstriburary 3
of the CRBC during rabi 1991/92.
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Figure 10.8. Yield (kg/ha} and gross margin (rupees/ha) of wheat crop for 4 sample watercourses.
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The comparison between Seasonal Adequacy and cropping intensity shows a significant
relationship between these two factors: the higher the cropping intensity, the lower the average
RWS of the watercourse. To explain this relationship, however, is difficult and would certainly
require a more in-depth analysis of the factors influencing the RWS at watercourse level.

Analysis of average wheat yields and gross income from wheat per watercourse shows that
high yields and gross income per hectare of land are found when the average RWS is high. Figure
10.8 highlights the differences in both indicators from one watercourse to the other. It is interesting
to note that the relative differences between watercourses is higher for gross margin than for yield,
due to differences in costs of producticn. Wheat yields in the area are 20 percent higher than average
values for the North-West Frontier Province.

The average productivity of water for wheat has been estimated for 4 sample watercourses.
Table 10.5 shows its variability among these watercourses and gives the weighted average for them
as well. Watercourse 14810-R has the highest productivity of water in terms of yield (kg) or gross
income (rupees) per unit of water (m*). The fact that some tubewells are still operated by tail-end
farmers of this watercourse and that tubewell water has not been included in the "total quantity of
water supplied” used to calculate the productivity of water could be an explanation of its much
higher productivity. The differences between the other three watercourses are marginal, The
comparison between these values and the average RWS for the four watercourses does not lead to
any clear relationship between the factors involved, due mainly to the too low number of
watercourses monitored.

Table 10.5. Average productivity of irrigation water for 4 sample watercourses: Wheat yield and
gross margin per unit of water.

Watercourse 570-L 6468-L 10150-R 14810-R Average
Yield per unit of water 0.25 0.26 0.25 042 0.30
(kg/m*)
Gross margin per unit 0.63 0.57 052 1.10 072
of water (rupees/m’)

When converted into kg/mm, values of productivity computed for the four watercourses are
really low (between 2.5 and 3.1 kg/mm) compared to values given by Bhatti et al. (1991) for
Pakistan. The main reason for these differences, however, is that these authors use irrigation
application data to estimate the productivity of irrigation water. In this case, because of the
nonavailability of irrigation application data, values have been computed at watercourse fevel thus
including conveyance and other losses (Garces et al. 1992} in the irrigation water supply. In fact,
a large part of the water is lost before reaching the fields and thus could lead to serious problems
of waterlogging, already existing in areas close to the head of the CRBC. But the gap between
Bhatti et al. (1991) values and those presented in Table 10.5 still remains important even when
subtracting conveyance losses from the supply at the head of a watercourse. A possible explanation
of this difference could be the relative inexperience of farmers in the CRBC area and their inability
to properly manage an adequate water supply at watercourse and field levels, compared to farmers
in Punjab.
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Limitations of the Indicators and the Data Collected

WAPDA gatekeepers at the head of the distributaries report that often they partially close
the gates during the night because few farmers irrigate and most of the outlets remain
closed. This nightly decrease of the water supply has not yet been takeri into account in
estimating the water supply to distributaries or watercourses. The analysis of the data
collected through automatic stage recorders installed at the head and tail of Distributary
3 would allow the modification of the supply factor of the RWS accordingly.

The water requirements of the gram crop have been included in the calculation of the
demand of water during rabi. However, gram is very rarely irrigated, being ustially sown
after rice to use the moisture remaining in the soil. Thus the requiremnents of this crop
should be removed from the rabi season and included at the end of kharif séason irrigation
water demand.

The same conveyance losses have been used to estimate the targets for the RWS.
However, some field measurements have shown that losses could be different from one
watercourse to the other, meaning that targets would be different as well. Thus the use of
the Equity Indicator will have to be made cautiously.

Although wheat is the most important crop during the rabi season, the econorhic indicators
{weighted gross margin per unit of land and per unit of water) will have to be calculated
by taking into account other crops grown by farmers of the Distributary 3 command area.

It was not possible to collect data of irrigation applications at field level or farm level,
due to the way farmers manage water below the outlet and the current status of
organization of the irrigators. It is not possible to estimate the variability of the water
supply, the RWS and the productivity of water within watercourses although the first year
of data collection and field work have shown that this variability could be quite
substantial,

The canal-closure period has introduced a bias in two indicators, Seasonal Adequacy and
Supply Inadequacy. These indicators will be more appropriate for the kharif season when
the target used in the calculation of these two indicators and the target for the operators
used in the calculation of Supply Mismatch are the same over time.

The targets used for the calculation of the Supply Mismatch indicator would have to be
modified in order to include the canal-closure period. A higher target for the periods
preceding and following the canat closure will have to be calculated and fixed as targets
for the operation of the main canal and the distributaries by WAPDA and the Irrigation
Department.

DISCUSSION

Crop-Based versus Supply-Based Considerations

Although some periods of the season are characterized by an undersupply {(equivalent to 28% of
the appropriate supply). the quantity of water applied for the season equals the needs at watercourse

¥
%l
i
i

o

=
&
w
+
i
[
&
I
&
i




267

level. Farmers are managing their water below the outlet in a crop-based mode via arefusal system
made possible by an excess of water at a distributary level and the capability to partially control
the water going into the watercourse by closing or opening their outlets. Differences, however,
exist among watercourses as shown by an equity indicator equal to 0.27. The differences within
watercourses appear to be quite substantial as well and relate to nondevelopment of certain areas
of the watercourse CCA: some farmers have an excess of water while others suffer a water shortage.
Even if the RWS at watercourse level is close to the target, numerous losses within the watercourse
lead eventually to relatively low yields, compared to the water available, and enforce the risk of
waterlogging.

The distribution of water at distributary level is variable over time and seems to follow a
pattern more or less related to crop water needs. However, two important aspects have to be
considered: water is always supplied in excess at the head of Distributary 3 and changes in the
supply appear to react to changes at lower level rather than follow a specific operation plan based
on crop water requirements. Even the 40 days of canal closure do not compensate for the excess
of water during the rest of the time (the RWS is on average 12% higher than the target at distributary
level).

The targer-than-design cross section of Distributary 3 is the main reason for the operation of
Distributary 3 at higher discharges than required. At the construction stage, Distributary 3 was
provided with larger cross sections with the expectation that deposition of silt will take place and
the cross sections will get reduced to the design sizes. After five years of operation, however, silt
deposits have not developed .8 This problem has a direct impact not only on the RWS calculated
at distributary level but also on the water released at the tail of Distributary 3. By design, the
discharge of the water released at the tail should be equal po the discharge (supply) to the head of
Girsal Minor. The monthly average ratio of these two discharges presented in Figure 10.9 shows

Figure 10.9. Ratio of discharge at tail of Distributary 3 to discharge (supply} at head of Girsal
Minor, monthly averages.
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61 The higher-than-design discharge could explain the absence of silt deposits at the level of the distributaries.
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that the current situation is far from that designed (as stated in the section on Current System
Operation and Operational Performance; page 258).

Whether the excess water is used downstream in the Paharpur Irrigation System should be
ascertained and this would have an impact on the calculation of the productivity of water at the
distributary level. If the water is used downstream, a better management of the water would
improve the productivity of water for Distributary 3 but would not change the productivity of the
total quantity of water available. It is interesting to note that the Supply Mismatch is better at
distributary level than at watercourse level. Deviations from the targets for the different
watercourses compensate for each other. .

At main-canal level, when undersupply occurs, the deviation is only -11 percent from the
target, due to the canal closure period; it is not due to an efficient (crop-based) operation of the
irrigation water but to a general oversupply. On average, 70 percent more water than that required
to irrigate crops has been released at the head of the CRBC and has escaped back into the-Indus
River ! The main reason for this, advocated by WAPDA, is that it is not possible to operate the
CRBC at the very low discharges required for Stage I of the CRBC only; control structures are not
adequate and the operation is constrained by the limitations of the canal system itself. To supply
water adequately to all the distributaries of Stage I, WAPDA uses the Full Supply Level at the end
of Stage 1 as the target for the operation of the main canal.

Investigations of the behavior of the CRBC using the simulation model SIC has supported the
WAPDA position and shown that limitations will exist even when the three stages are operational.
Problems of supplying the appropriate discharge to some offtakes exist at low discharge (less than
45 cumecs), while problems of inadequate freeboard appear for high discharges (more than 85
cumecs). The comparison between the irrigation water requirements (based on the design cropping
pattern) and these two limits (see Figure 10.10) shows that for most of the year, required discharges
are outside the range of 45-85 cumecs and thus cannot be accommodated by the CRBC under
crop-based irrigation operations.

Figure 10.10. Physical system adequacy: Limitations at mail canal under crop-based irrigation
operation (CBIO).

CRBC Head Discharge {(m3/s)

R Requirement Recom. freeboard
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In fact, the objectives of crop-based irrigation operation (based on the design crop water
requirements) could only be met 30 percent of the time with the current characteristics of the main
canal. WAPDA, already aware of some of the problems, started to raise the banks at certain
locations along the CRBC to increase the freeboard and maintain it below the accepted limit of 3
feet at high discharges.

Another aspect considered by WAPDA when operating the main canal is the problem of
velocity and silt deposits. Although there is not enough silt in the unlined part of the canal, too
much silt has been deposited in some places of the lined part close to.the cross regulators. In some
periods of the year, in order to wash the silt deposits, an excess of water is released at the head of
the CRBC and it escapes at the level of the first cross-regulator. WAPDA tries to maintain a
minimum discharge in the main canal to have 2 minimum velocity and avoid silt deposits in the
lined section. This management of the systern by WAPDA has a negative impact on the indicators
based on the RWS.

Constraints on the operation, however, are not only related to the physical aspects of the
system. WAPDA and the Irrigation Department (ID) do not have adequate staff to operate the
system in a crop-based irrigation mode. The Irrigation Department, especially, finds itself in a very
difficult position; while it had asked for a staff of 60 to operate Stage I of the new system, only 15
staff members (or 25% of its demand)} have been allocated to the CRBC. Moreover, the
communication systems of the Irrigation Department and WAPDA are inadequate; only a few
regulating structures have being provided with telephone connections and there is no proper flow
of information between sensible points being planned by the agencies (Garces et al. 1991).

Up to now, WAPDA and the ID have been quite static in defining new operation procedures
for the CRBC Imigation System. They do not have any operation plans for crop-based irrigation,
although they react to changes in the water demand in the system over time. The conservatism of
the two agencies is due to many reasons. An important one is that the Irrigation Departtment is an
operating agency with a very low level of control over the system. All the control structures at
main-canal level and at distributary-head level are within the hands of WAPDA. The Irrigation
Department, for the first time, finds itself in the role of a subagency of WAPDA dealing only with
the maintenance of the secondary canal system. This loss of power of control on the water flows
combined with the control farmers have gained through the pakka structure at the head of the outlets
weakens its position vis-a-vis the farmers as well.

Technical and Economic Considerations

Several indicators were defined and their calculations explained in the earlier sections of this paper.
An important question to be addressed at this stage is how to establish a hierarchy of these
indicators, technical or economic, according to importance or priority. For the different actors of
the irrigated agriculture system, objectives are in fact different and the main indicators to be used
will be different as well.

For farmers, economic indicators would be the first to be considered once they are sure of
recelving a minimum irrigation water supply. It is assumed that farmers react as economic agents
of the system and thus tend to optimize an objective function taking into account not only the
maximization of their revenue, but also the minimization of the risk involved in their decisions or
the maximization of a specific utility function.

For the operating agencies, these economic indicators are only secondary indicators. Technical
indicators related to the operation of the system have much more importance as they are directly
related to their daily work, tasks and respensibilities.
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For policymakers, economic indicators are important as well, not only the returns per unit of
land or the returns per farm but also the returns per unit of water. What'is 1mportam he.reis related
to investments in the use of a specific resource, water.

Finally, for IIMI researchers, it is slightly more difficult to make a chowc Eeonomlc
indicators, on the one hand, are important to assess the impact of any change in the:opetation of -
the system to find out, whether it is beneficial or not, and as matters- for discussion with
policymakers and funding agencies. On the other hand, however, the operating agencies are the
first clients of IIMI for the implementation of changes and thus have first to-be convinced.of the
benefits (from their point of view as operating agencies) of managemeit innovations: One could

B _always expect that an improvement in the operation of the system (in terms of matchmg more -

closely irrigation water supply to crop water requirements} would lead to:an 1mprovcment in terms
of yields and agricultural production. This, however, has to be checked:

Implication of Results on Performance Assessment

The analysis of the performance of the CRBC Irrigation System under the current situation has
shown that the performance of the system is low, mainly because the cons!ramts in the system
have led the different agencies to select a mode of operation based on aspects of suppiy tather than
on crop water requirements.

. The constraints imposed by the physical system have to be taken into cons:denmon when
evaluating the performance of the actval system and the changes in this performance due to
innovations implemented jointly by WAPDA, the Irrigation Department. and IIMI. Plausible
targets for the operation will have to be selected and included in the calculation of the selected
performance indicators in order to isolate the deviation in performance related to a poor
management of the available water from the deviation related to constraints of the, phys:ca! system.

The current objectives of the different operators involved in the CRBC Irrigation System (i.e.
WAPDA [Barrage), WAPDA [CRBC], ID and farmers) have to be conmdcred and analywd The
‘formal and informal relationships between these groups and the way the mformatlon travels from
one to the other will be of particular interest.

For the evaluation of the economic performance of the system, data will have to be collected
to compute the selected indicators (GMha and GMpy?) and these discussed with the agencies
operating the system, with farmers and with the Department of Agriculture (AD). = . :

CONCLUSIONS

The analysis of the present situation has shown that farmers are managing their-water in a
crop-based mode, There is no direct relation, however, between the operation at watercourse level
and at higher levels of the system. At distributary and main-canal level, the main objective of the
two agencies (WAPDA and Irrigation Department) is to operate the system in.a certain range of
discharges to-cope with issues related to the operation of the canal itself rathier than the demand
for irrigation water. This disruption of the objectives is clearly seen in the valués of the performance
indicators chosen to characterize a crop-based system: the higher the level, the worse theindicators
are (except for Supply Inadequacy), leading to a poor performance of the CRBC imgation System
as a whole,




271

The selected performance indicators have to be tested and their behavior evaluated
(robustness, sensitivity to extreme values, etc.). The analysis of the kharif 1992 data will be the
first step of the evaluation to identify advantages and disadvantages of the indicators. An important
aspect to be considered will be their effectiveness as communication tools with the operating
agencies. For this specific purpose, RWS, for example, will have to be translated into discharges
or efficiencies and intermediate indicators calculated and discussed with the operating agencies.

The different groups (WAPDA [Barmrage], WAPDA [CRBC], Irrigation Department and
farmers) have different objectives and do not have a proper system to communicate with each
other. The Irrigation Department especially finds itself in a strange position between WAPDA and
the farmers without controlling the flows of water into the distributaries or into the watercourses.
The analysis of the objectives of the operating agencies and comparison with CBIO objectives will
be a key component of IIMI's future research work in the CRBC area. The constraints in terms of
resources available (funds and staff), differences between current objectives and CBIO objectives
(see the third aspect of the Objective Setting Performance) will be evaluated and solutions to
overcome them proposed. Results will have an impact on the performance indicators as well; better
estimates of (attainable) operational targets at different levels of the irrigation system will be
proposed and included in the calculation of the selected indicators.

Even if quite static, WAPDA and the Irrigation Department have started to address some of
the issues related to crop-based irrigation operation (for example, WAPDA plans to increase the
bank level at locations where there would be a freeboard problem for the highest discharges).
Moreover, they have accepted the idea of collaboration with IIMI. In view of the project findings
and their implications, three management "innovations” have been proposed by IIMI for
implementation during the next rabi season and they have been accepted by high officials of
WAPDA, ID and AD. The first "innovation" will address issues of the operation of the main canal
and involve WAPDA,; the second one will focus on the water supplied to distributaries and will
involve the Irrigation Department and WAPDA indirectly; the third one is related to the lack of
communication between the different groups involved in the operation of the system, especially
between the end-users, the farmers, and the operating agencies. With the help of the Directorate
of Agricultural Research and Extension of the AL, organized-behavior groups of farmers will be
formed and will be involved in the operation of the irrigation system, a prerequisite for a successful
crop-based irrigation operation, especially if water becomes scarce. For these management
interventions, monitoring jointly by WAPDA, ID and IIMI will take place, leading to the analysis
of the performance of the system with the proposed operations.

It seems important at this stage of the project to start discussion of the expected water scarcity
with farmers and staff of the operating agencies. This situation is to be expected when Stage I and
Stage III of the CRBC become operational with the command area of Stage I fully developed.5?
This aspect will have to be taken into account when the modeling of canals is being done and when
preparing operational plans with the agencies. For the operation of the water below the outlet, the
actual flexibility seems to be sufficient and produces a good performance at this level. The situation
with water scarcity, however, will be of prime importance at this level because important changes
could be expected.

Further efforts have to be made to understand the irrigation system. The next steps in IIMI's
research, with primary data to be collected by the IIMI field team, will have two important
components. The first one will be the hydraulic modeling of the behavior of the distributaries (focus
on Distributary 3) to identify problems of the operation at this level and to propose scenarios taking

62 It has been roughly estimated (based en PID kharsra data) that 25 to 30 percent of the total command area of the CRBC
would not receive adequate water supplies if the current trends of water supply, cropping pattern and land development
continue. This calculation, however, needs to be checked beyond the "back-of-the-envelope" approach.
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into account constraints of the distributaries. The second one will be the economic modéling of . -

farms to predict impact of changes in the irrigation water supply and irrigation: system operatmn
on the agricultural production.

Acknowledgements

The authors would like to acknowledge the support received in the preparation of the paper from
IIMI-Pakistan staff: Rana M. Afaq, Irrigation Engineer; Mrs. Zaigham Habib, System Analyst;
and Mr. Akram Khan, Secretary. They are also grateful to Prof. Gil Levine, Marcel Kuperand Eric
Van Waijjen for their comments and suggestions. :,




273

References

Bhatti, M.A,, F.E. Schulze and G. Levine. 1991. Yield measures of irrigation performance in Pakistan.
1IMI-Pakistan internal paper.

Bird, 1.D. and P.W K. Gillott. (undated}. A quantitative review of adequacy and equity indicators for irrigation
system distribution. Wallingford, UK: Overseas Development Unit. HR.

Brown, Copeland and Co. 1987. Chashma Right Bank Irrigation Project (Stage 1I), Pakistan. Technical and
Economic Feasibility Report. New Zealand.

Carruthers, L. and C. Clark. 1983. The economics of irrigation. UK: Liverpool University Press.

Garces, C. and T. Bandaragoda. 1991. Inception report on the technical assistance study for crop-based
irrigation operation in the NWFP. Lahore. Pakistan: International Irrigation Management Institute.

Garces, C., D.T. Bandaragoda and P. Strosser. 1992, Progress fepon #1 on the technical assistance study for
crop-based irrigation operations in the NWFP. Lahore. Pakistan: International Irrigation Management
Institute.

Habib, Z., B.A. Shahid and M.N. Bhutta. 1992. The utility of a simulation model for Pakistan canal systems:
Application examples from Northwest Frontier Province and Punjab. Paper presented at the workshop on the
application of mathematical modeling for the improvement of canal operation. October 26-29 at Montpellier,
France.

Levine, G. 1982. Relative water supply: An explanatory variable for imigation systems. Technical Report
No.6. lthaca, NY: Cornell University.

Molden, J.D. and T.K. Gates. 1990. Performance measures for evaluation of irrigation-water-delivery
systems. Journal of Irrigation and Drainage Engineering, 116, pp. 804-823.

Murray-Rust, H. 1992. Improving irrigation system performance. Paper presented to the workshop on
IIMI-India collaborative research in irrigation management. New Delhi, [ndia, February 13-14.

Water and Power Development Authority (WAPDA). 1991, Chashma Right Bank Irrigation Project. PC-|
Proforma (Revised). Phase 1 Gravity Flow System. D.I. Khan. Pakistan.



274

Appendix

MATHEMATICAL DEFINITION OF PERFORMANCE INDICATORS

Objective-Setting Performance

Allocation Adequacy
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=12" (-‘___IT———)/N

Physical System Adequacy

0.
=i2"‘ _Nl_

Operational Performance

“Seasonal Adequacy

-3 (3 (KT m

Supply Inadequacy
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Supply Mismatch
_ n ]RWS’-r — T
=2 D 1/ /M

Equity

=_Zﬂ ﬂ(jzm(RWSi.j._(J'ZmRWSi.j)/M)Z)/M] /N
! (Y RWS, ;) /M

Output Performance

Weighted gross margin per ha

EI (8 ~ GM)
Tia*

GM,,p=

Weighted gross margin per unit of water

Y (ay + GMy

GMms = W .
m.

whereT = Target (variable).

Vol; = Volume allocated at the head of the CRBC for the period i.
Oi= 1, if the objectives of CBIO can be met during the period i:
otherwise Oy = 0.
RWS;; = actual RWS calculated for the period i at the location j.
Pa; =RWS;;for RWS;;< T, equal to T otherwise.
ax = area in ha under crop k.
GMi = gross margin per ha for crop k.
Wma = Total quantity of water (in m3) supplied during the season 10 the area ;¥ 'a,.
N = number of 10-day periods.
M = number of locations considered.

L = number of crops cultivated in the area,



CHAPTER 11

Production and Profitability
of Rice Cultivation in Sri Lanka under Different
Water Regimes — a Trend Analysis

C.M. Wijayaratna and K. Hemakeerthi

INTRODUCTION

RICE CULTIVATION CONTINUES to occupy a vital place in the Sri Lankan economy. Rice, the major
staple food, accounts for over one third of per capita calory as well as protein consumption of an
average Sri Lankan. Rice-grown areas stretch over a large extent in the country and in most of
these areas it is the major economic activity. Rice-growing areas can be divided into three
categories based on the source of water supply: cultivation under major irrigation schemes, under
minor irrigation schemes and under rain-fed conditions. In 1990, rice was cultivated in 735,000
hectares (ha) and this was 41 percent of the total agricultural land use (Central Bank of Sri Lanka
1991). Over 80 percent of the total output comes from the irrigated rice areas. In the recent past,
major imigation schemes have become increasingly important in respect of area covered,
productivity per unit of land and in the overall contribution to national production.

Attainment of Self-Sufficiency in Rice

The successive governments of Sri Lanka, as in many other countries of South and Southeast Asia,
have followed a palicy of achieving food self-sufficiency. Instruments employed to attain the
objectives of self-sufficiency included a complex range of policies that appears to have had a
significant impact on various aspects of rice production. Some of the measures that have been
taken in the past are: the agricultural credit scheme which was introduced in 1948 and which has
been operated as the New Agricultural Credit and Comprehensive Rural Credit Scheme since 1967;
the Fertilizer Subsidy Scheme introduced in 1951; the Paddy Lands Act of 1958; the Crop
Insurance Act that gave legal sanction to the Crop Insurance Scheme which was initiated in 1958;
the Irrigation and Land Expansion Policy of successive governments through
construction/maintenance of major and minor irrigation schemes; the guaranteed price scheme
started in 1948, and the introduction of high-yielding varieties (HY Vs) of crops associated with
efficient research and extension services. As a result of these measures output enhanced and rice
imports have gradually declined. During the last four decades, Sri Lanka has accomplished
substantial achievements in rice output. These achievements are best illustrated by the changes in
the rate of self-sufficiency in rice during this period. Just after independence in 1948, the country
produced only 40 percent of the total rice requirement and the remaining 60 percent was imported.
By 1985, self-sufficiency in rice reached a level of more than 90 percent. Rice imports, which
increased to over 0.7 million metric tons of rough rice in the mid-1960s, decreased to about 20
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* percent of the peak level by the mid-1980s (Aluwihare and Kikuchi 1991). In 1985; domesfic

productlon was 2.660 million metric tons and rice imports were 0.22 millibn metnc tons. bwevcr,
in 1990, the total production was 2.538 million metric tons. Sri Lanka fmled to's the levels-
- achieved in both yield and production thereafter. : : '

- Productivity, Yield Gap and Contribution of Water

~1In 1983, the average productivity of rice in Sri Lanka reached a record levgl of about 3.6 mt/ha,

but this is far below the level that could be reached as demonstrated’  fesearch sclennsts’
. (approximately 10 mt/ha in 4-4'/>-month-age and 3-3'/2-month-age classes of HYVs).
. particular year, the yields obtained in an “irrigated district,” namely Polonnaruwa, were 4.2 mt/ha'
and 4.5 mt/ha in maha (wet) and yala (dry) seasons, respectively. S :

" The Fature Demand for Rice

g Despne the . fact that Sri Lankan agriculture has managed to attam a_high
" self-sufficiency in the major staple, population growth, urbanization and fi
in certain strata of the population) will increase the demand for rice in the fu
-~ growth rate of the population of Sri Lanka is low by “Asian standards,” thbl
* stabilized in the next few decades. Despite the increased emphasns on: nonnec fo
-~ demand for rice will continue to grow for sometime. . e

. Future Supply

~ primarily on rapid expansmn of the area under cultivation. Nevertheless;’
expansion is very much limited and the cost of capturing and developmg’
escalating. - -

The cropping intensity in irrigated areas has been fluctuating in the: mngeﬂf

and examine whether the farmers have achieved the maximum possible leve!

_ In the late 1970s, scientists believed that there is a significant am
potential™ in irrigated production systems, especially in Asia. Moreov

~. of this could be captured by improvements in crop management “in 'géie

management in particular. Surprisingly, by the end of 1980, some researcls

- stagnating or dcc]mmg trend in productivity of major food grams grown ﬂm&‘i
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For rice, the major crop under irrigation in most Asian countries, recent studies indicate that
the technological yield frontier®? has stagnated and shows signs of long-term decline (Pingali, et
al. 1990, Flinn and De Datta 1984). Evidence of farm-level decline indicates that farmer yields are
catching up with the yield frontier and that further exploitation of the yield gap is not economical
(Pingali et al. 1990). Incremental costs of achieving further yield gains exceed the incremental
returns (Pingali 1990). Similar trends in declining rice yield have been observed in other
experiment stations in India, Thailand and Indonesia (Pingali 1990).

It would be useful to examine the relevance of these findings to the Sri Lankan situation. If
these are true for Sri Lanka, then the policymakers will have to turn to alternative solutions in
supplying the major staple in sufficient quantities.

Moreover, as there are plans to allocate a significant portion of the country’s rice fields to
grow nonrice crops (other field crops) during the dry season, it is important to analyze: a) how this
could be done while maintaining rice production at acceptable levels; and b} economics of rice
production in sufficient depth.

The relationship between the rate of rice production growth and the in-demand growth is
critical, If a higher production growth rate continues for a much longer peried it could lead to a
surplus production resulting in drastic price reductions or in forcing the government to introduce
a subsidiary system. Such price reductions may force the farmer to use minimum inputs resulting
in low production in the irrigation system. On the other hand, if growth in production fails to meet
the growth in demand, strenuous efforts will have to be made to increase rice yields as almost the
entire production growth will have to come from the yield growth and possible increases in
cropping intensity since further opportunities for the expansion of area to be cultivated are minimat.

In addition, it is important to find out whether the rate of price escalation of inputs is consistent
with that of the market price of rice in the recent past. The removal of the fertilizer subsidy,
depreciation of the currency (Rupee), increases in fuel costs, etc., have affected input prices to a
great extent over the years. In Sri Lanka, it is customary to provide hired laborers with free food
under informal work contracts. Consequently, increases of food costs directly influence the crop
budget. Also, cash input prices along with the cost of labor are likely to continue torise in the years
to come.

This condition will be further aggravated because the percentage of farmers engaged in rice
cultivation on small landholdings is very high and they have limited “roots” in off-farm income
sources. The opportunities for conventioral alternatives such as “chena” cultivation are fast
disappearing. At present, Sri Lanka tacks a strong sector of agro-based rural industries which can
act as the interface between the peasant farmer and the industrial world. Such an interface might
help convert the surplus agricultural labor, if any, to productive entrepreneurs or industrialists.
Also, the capability of the industrial sector to absorb the marginalized farmers is still almost
negligible. Under such a situation, it is of paramount importance to improve the productivity of
existing rice areas, especially that of irrigated production systems. Hence, a study analyzing the
trends of production, productivity and profitability of the land under the major staple in irrigation
systems is cructal.

Unfortunately, in Sri Lanka, since the mid-1980s, there is a dearth of studies analyzing the
performance of the main crop that is grown in irrigation systems. Accordingly, a proper
understanding of the recent trends in production, cost of production, and profits with regard to rice
cultivation under irrigation is indispensable. A comparison of the performance of the rice crop

-

63 In this paper, “frontier” indicates the distribution (or the trend) of the highest average crop yield obtained by farmers
over time. Similarly, a “technological yield frontier” may represent the highest yields obtained at experimental fields,
An average frontier function may be derived by taking the crop yields obtained by the top 5-10 percent of farmers in
cach season/year.
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with irrigation and without irrigation is necessary to comprehend. wheﬂxerﬂwmoﬁ
~ for tice cultivation has made an economically significant contribution. . *
. Under these circumstances, it is of paramount lmportance to addresy Suchresci

a) How did the growth of rice production change over the yearsw. Is S
. or in different water regimes) undergoing stagnation or decline
frontier? And what are the causes behind these changes? -

b} What. are the trends in the cost of rice productton. the composm
their rates of change in recent years? Also, what are the reaso !
. of rice production? '

© ¢} Howid tice profits vary in the recent past" Is the curtent loé_al matlee
Could we anticipate any changes in the price of rice in: thc ne“af fature
thrust behmd the outcome? S

Study Objectives-
E The specific olz;ectwcs of this study were:

1) To appraise trends in production, the cost of production and pmﬁts-m rige s;ultivat:on in:
relation to water availability; this study attempts to examine: the- f.the..
International Rice Research Institute (IRRY) findings to the Sri Lankans '
specifically to check if there is stagnation or decline at the tecmleglcnl rics field froritier
in Sri Lankan irrigation systems. =

2) To analyze the trends in input use in different water reglmes b
composition of input costs and the rate of change as well.

By doing so, this study, which is similar to studies ‘undertaken in’othér o 'esk h mad .
an attempt to fill the vacuvum prevailing in Sri Lanka. Provision of Al
researchers and making a contribution to our practical knowledge Wcrc the othér's
study e '

Methodology

Multiple sources of evidence were used in the study and included a review nf Mﬁlﬂy‘cbnducted i
. studies. The main secondary sources of data were the Department of A@mlmm, irtmentof
. Census and Statistics and the Central Bank of Sri Lanka. This study focuged od frox
- 1980 to 1991:and follows a study by Attanayake and Wijayaratna (1986 Mirieo]
a detailed analysis on the same problem up to the mid-1980s. Also, int ofia
_'IRRI studies (Pingali, Moya and Velasco 1990 and Rosegrant and ngah 1‘991‘) T
‘about the work done on this subject in other Asian countries. .

Sample. The $tudy first analyzed the trends in production, costs and pm‘ﬁts atnm alt vcl ’Ih i s
next step was a brief examination of the differences in producnonbe}:w and:: -
minor irrigation schemes and rain-fed areas. S
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The next level of the analysis was an investigation of production performance of the rice crop
in three districts belonging to different water regimes. These districts, namely Polonnaruwa,
Kandy, and Kurunegala, represent the dry zone, the wet zone, and the intermediate zone,
respectively. Availability of water was an important criterion for grouping the districts. This is
because there are complex interactions between the use of the other inputs and the availability of
water.

The selection of a district as a unit of analysis coincided with the criterion adopted by the
Department of Agriculture in generating its cost of production data for different crops. Also,
Attanayake and Wijayaratna (1986 [Unpublished]} had used the same criterion and had selected
the same districts for their study. Hence, the selection of these districts ensured the continuity of
the efforts.

Besides, variability within a climatic zone is too broad to be considered as a determinant of
water availability. For instance, in spite of higher rainfall, most of the wet-zone areas face water
shortages at times owing to: 1)the poor distribution pattern of rainfall; and 2)the lack of appropriate
water control measures.

Polonnaruwa District, which belongs to the dry-zone low-country 1 (DL1) agro-ecological
zone, has about 90 percent rice lands with reliable sources of water for cultivation. Kandy District,
which falls within the wet zone, covers mainly the wet-zone mid-country (WM), and partly
wet-zone upcountry (WU), and intermediate-zone low-country (IL) agro-ecological zones. It is
important to indicate that there is little difference between irrigated and rain-fed areas in the Kandy
District because of the well-distributed and sufficient rainfall in the rain-fed area. Kurunegata
District is in the intermediate zone and consists mainly of intermediate low-country 1 (IL1) and
intermediate low-country 3 (IL3) agro-ecological zones. Major irrigation schemes with reliable
water sources are few while the outstanding feature of Kurunegala District is the predominance of
numerous minor tanks that characterize risky cultivation. This places Kurunegala District below
Polonnaruwa District, as far as water status is concerned, despite the higher rainfall recorded by
the former.

Analysis. The following basic steps were involved:

l.  Deriving the trends in productivity using regression techniques, (y = a+bx), where,

y = dependant variable (productivity) (kg/ha),
X = time variable,

a = intercept term,

b = average annual change in y.

2. Estimation of total cost of production per unit of land in terms of nominal and real prices
by calculating the costs of items classified in terms of input type, total labor (family and
hired), farm power, fertilizer, pesticides, seed rice, etc. The computation of real values
will be done by two alternative approaches:

(i) By using the Colombo Consumer Price Index (CCPI) 10 deflate the cost of production of rice
in other districts, it is easy to comprehend the outcome as the CCPI is a widely used indicator.

(ii} Byemploying the producer price of rice 10 treat the input costs and cost of production in order
to express them in rice equivalents. The base year for this too will be 1985. Since interdistrict
variation in costs of different items is negligible, it is hoped that comparison of costs will give
an indication of input use under different production situations.



3 Compansons of gross returns and net returns to uhit of land, 'fhmily- b
f mvestment in terms of nominal and real values. ' ;

Owsng to the -unsettled situation that prevailed in the country durmg ‘that
years 1988 and 1989 have not been included in the detailed analysis on'cost
-Department of Agriculture has changed its selection criteria of distr
and irrigated areas. Since 1989, only a limited number of districts have b
each agro—ecologca] zone. Only those districts with a significant exten
tbeen selected to represent a given agro-ecological zone. A specific study area
as then located to represent the most important water regime under
cultivated in the district, This selection criterion has removed some water régimes

.mnderconslderauon For instance, the Department of Agriculture does niot publiskda
“areas’in Polonnaruwa District. However, in this analysis' ws treat Polon
'dnsmct Q-

;gamzaﬂon of the Paper

roﬁtablhty of rice farming through returns to some selcctecl factors of pmd:
arm-costs and returns are converted to real terms using fice prices as e sdj
"'methodology is described in detail in the third section. Apart from this
attempt is made to contrast cost-ffectiveness of rice farming under different p
‘or water regimes. The last section (Policy Implications)presents a sumih: ry Of: Afiﬁdi”"‘
: lmphcatwns of trends observed in the rice sector over the recent past o

j.'-FﬁODUCTl_ON_TRENDs

Tt objective of this section is to review the trends in rice production w:tha' 0
- that ‘represent different water regimes. Besides the data related to:
“ national-level data and the data related to rain-fed areas will be analy
magmmdc of the difference in the levels of production between lmg'
discussion deals with the changes that have occurred in prodiction anid
“and briefly investigates policy as well as other factors that have conl
addition to the analysis of current trends, it attempts to look for their aséaﬁiatécf
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turn, will also be helpful in understanding the level of success of the services rendered by the state
to the farmers in irrigated agricultural production systems. More emphasis is given to the period
since the mid-eighties. Whenever necessary, reference has been made to important previous
periods such as the early sixties, when the green revolution emerged.

National-Level Production Trends

In the three decades beginning with 1960, during which the spread of new high-yielding varieties
was prominent, the total output of rice increased substantially from 897,000 metric tons in 1960
to 2.389 million metric tons in 1991 (Aluwihare and Kikuchi 1991 and Department of Census and
Statistics 1991). Figure 11.1 shows the trend of rice production between 1961 and 1990. Rice
production showed a significant increasing trend and a maximum annual increase was displayed
just before 1985,

Figure 11.1. Trend of rice production, 1961-90, Sri Lanka,
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The highest:annual rice production, 2.66 million metric tons, was; arte
3.8 percent annual increase between 1980 and 1985. Apparently, 1985:is:
recent-history-of rice production in Sri Lanka. The post-1985 period:does
hange of annual rice production. The area cultivated to rice and the national
also “remained” at their peak levels reached by the mid-1980s. The highest rice y !
7(3.606 mt per ha) was reported in 1983 (Figure 11.2). However, the following year was
' dissatisfying and the yield dropped to 3.076 mt per ha. The excessive rains; joods which
-prevailed during the early parts of 1984 were mainly respensible fo;_{:ghjg&%i
national rice production, which reached the highest level in 1988, suffered a'sligh
The drop of production was mainly evident in the reduced 1985/86 mahia harv
' Bank-of Sri Lanka Annual Report (1986) indicates, a very significant dettes
teflected in:the rice producing districts of the Northern and Eastern proviiic
- of crop failure and the breach of the Kantale Dam may also have: affected the
particularly in the Trincomalee District. These, in turn, would have contributed-
- i these areas. BRI

 Figure 11.2. Trend of rice yield, 1961-91, Sri Lanka.
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Rice production in 1987 dropped by 18 percent over the previous year. The prolonged drought
that prevailed in most of the major rice producing areas was mainly responsible for the production
decline in 1987. The shortage of water not only delayed the commencement of cultivation and
reduced the extent sown but also led to a reduction in fertilizer application (see under Cropping
Intensity, p 291) and in the extent harvested which, in turn, resulted in a lower production.
However, it is important to indicate that even though the total production declined, the productivity
or the average yield per hectare in 1987 increased by two percent over the 1986 yield owing to the
performance of major irrigation systems. The highest average yield per hectare in the maha season,
5.97 mt/ha, came from the Uda Walawe area, which was a 17-percent increase over the previous
season. Also, System H in the Mahaweli Project recorded the second highest yield of 5.27 mt/ha.
The total gross extent harvested in 1987 recorded a 19 percent decline over the previous year.
Furthermore, the difference between the extent sown and the gross extent harvested in 1987 was
fairly large; harvested extent in 1987 amounted to 102,479 ha or 13 percent of the gross extent
sown.

Rice production in 1988 showed a remarkable recovery when compared with the previous
year. This recovery was mainly due to the ending of the drought. However, the total rice production
in 1988, 2.5 million metric tons, was still 6 percent less than the production level achieved in 1985,
Central Bank of Sri Lanka data (1988) shows that despite a decline in average yield per hectare,
this production gain was achieved primarily as aresult of increased gross extent sown and relatively
low crop failure. The gross extents sown in 1988 and 1989 were 865,000 ha and 781,000 ha,
respectively. Also, in 1988 the gross extent harvested was 4 percent of the gross extent sown,
The corresponding figure for 1987 was 87 percent. Substantial increases in production were
observed in the districts of the Dry Zone. Vavuniya District recorded a nearly fivefold increase,
while the Kurunegala District recorded a more than threefold increase.

Again, rice production suffered a severe setback in 1989 due mainly to unfavorable weather
conditions and the unsettled situation that prevailed in the country. The area harvested decreased
to 690,000 ha and the average yield dropped to 3.37 mt per ha. The determination of the extent
of the contribution of soil degradation to the apparent drop or fluctuation in production was
not attempted due to the inadequacy of data. However, it is clear that other factors such as
weather conditions and other hazards have contributed to the fluctuations of production in
the recent past.

Rice production in 1990 was 2.54 million metric tons, showing a substantial increase of 23
percent over the production in 1986. Both maha and yala seasons contributed to the higher rice
production, showing 23 and 24 percent increases over the respective seasons of the previous year.
This production increase was mainly due to the improved security situation in the country and
favorable weather conditions. In any case, the 1990 rice production was 5 percent lower than the
highest production recorded in 1985.

According to the Department of Census and Statistics (1991}, rice production in 1991 was
2.39 million metric tons, which was a 5.9-percent drop over the previous year. The rice production
of 1.56 million metric tons recorded in the 1990/91 maha season was a 5.68-percent decrease
compared to the previous maha season. This drop in the production could be attributed to the
decrease in the sown area. The total sown area during the maha 1990/91 season was 500,509 ha.
This is a 5.69-percent decrease over the previous season; decreases in sown area have been reported
from Amparai, Ratnapura and Matara districts. Contrary to the decline in sown area, the rice yield
per hectare showed a 1.6-percent increase in maha 1990/91. The Mahaweli System H area and the
Uda Walawe area have recorded the highest average yields. There is little difference between the
gross harvested extent of yala 1991 and that of yala 1990, but the average yield per hectare in 1991
dropped by 6.6 percent over the yala 1990 yield. Accordingly, there has been a 6.3 percent drop
in the rice production in 1991 yala over the previous yala season.
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Figure 11.4. Changes in rice yield between 1980 and 1990.
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According to Aluwihare and Kikuchi (1991) the total irrigated ricc.land-_aréa‘il:iad increased

from 253,000 ha in 1950 to nearly half a million ha in 1985, and 90 percent of this increase was
due to the increase in the irrigated land area that had come under the major irrigation systems. The .-

area under major irrigation systems was less than that of minor systems until 1966.:The'¢ontrast
of land expansion between major and minor irrigation systems is outstanding overthe years: the
areas that came under the major and minor irrigation systems were 81,400 ha and 159,000 ha,
respectively, in 1948 and they increased to 310,522 ha and 179,311 ha, respectively, by 1990
(Department of Census and Statistics 1991). Major irrigation systems received a pfomiriest place

in the state development programs. However, by the late 1980s the construction phase hag come "

near to an end (Figure 11.5). cE

Figure 11.5. Area cultivated to rice by type of irrigation.
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Trends of Yield and Their Determinants

The average yield level achieved by the mid-1980s seems to be low when compared with the yield
potentials of new, improved varieties. However, the average yield recorded in’the mid-1980s
represents an expansion of productivity by about 92 percent in relation to-the levet-of 1960. The
expansion -of irrigation facilities and associated technologies such as. the “wide diffusion of
high-yielding varieties associated with improved water conditions and increased levels of fertilizer
application are basically responsible for this achiavement. ) _

The total increase in rice production between 1952 and 1985, and contributions of variety,
fertilizer, and irrigation, according to Aluwihare and Kikuchi (1990),.are summarized below:.. .:

o TP

oY BT A T Yy
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(1(000 mt) (%)

Total increase 2,087 100
Increase due to:

variety 861 41

fertilizer 561 27

irrigation 663 32

Rice Yield and the Contribution of Irrigation Facilities

With the expansion of irrigation facilities to a greater extent of rice lands that fall within the dry
zone, the average yield of the crop has increased remarkably. This occurred, to reiterate, through
increased and timely availability of water which is considered a major limiting factor of rice
production, along with the seed-fertilizer technology. Response of rice plants to water differs from
that of tropical upland crops, and this difference has important implications for irrigation as well
as for varietal improvement.

The highest average yield, 3.6 mt per ha, was reported in 1983. After 1983, the average yield
varied around 3.0 mt per ha, without demonstrating any significant change. In 1991, the average
rice yield in the island was 3.02 mt per ha (Department of Census and Statistics 1991). This is a
17-percent less than the 1983 average yield per hectare.

It is important to indicate that a high level of adoption of new, high-yielding varieties can be
achieved easily because this is an innovation which does not involve much expenditure; any farmer
can get some rice seeds from a neighbor without making a cash payment. However, that does not
mean that a higher level of adoption of new varieties of rice ensures a higher yield level because
these new varieties requite excessive inputs, such as fertilizer and improved management
techniques. Besides higher 'yield potential, diffusion of short-aged varieties offer higher crop
intensification by changing the cropping pattern from single to double cropping.

Rice Yield and Fertilizer Use

There has been a tremendous increase in the use of fertilizer since the early 1960s. The amount of
fertilizer used has increased from a mere @ kg per ha in 1960 to 168 kg per ha in 1990 (Central
Bank of Sri Lanka [991). However, as Figure 11.6 shows. there has not been a significant increase
in fertjlizer use in the 1980s. The increase of fertilizer prices which came into effect with the
removal of the subsidy at the beginning of 1990 seems to have adversely affected the fertilizer
issues in 1990 and thereafter. The fertilizer issues in 1990 amounted only to 143,565 mt.
representing a drop of 8 percent over the previous year. The drop in the fertilizer use is significant,
because in 1990, the area cultivated to rice crop has increased by |8 percent over the previous year.
In other words, the average quantity of fertilizer issued per ha cultivated to rice has decreased by
22 percent, from 0.22 mt/ha in 1989 to 0.17 mt/ha in 1990.
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Figure 11.6. Annual fertilizer use and area cultivated, 1981-90.
1200

] ¢ e T I 4

800 ... ... .... 3 ........;

600

000 ha’000mt

400

200

1981 1982 1983 1984 1985 1986 1987 1988 1989

Year

B cuiltivated area Il Fertilizer issues

Source of primary data: Central Bank of $ri Lanka, 1990.

A distinct feature of Sri Lanka with respect to fertilizer use in the rice sector is that the price
ratio between fertilizer and rice has been low because of heavy subsidies given to farmers to buy
fertilizer. The nitrogen-rtice price ratio has been far below 2.0 except in 1960. Consequently, the
opnrnum levels are very close to the respectable maximum nitrogen levels that correspond to the
maximum attainable yields. The actual levels of nitrogen per hectare were lower than the optimum
levels. The gap between these two levels, however, have become narrower over time, and by 1985
the actual nitrogen use per hectare for each category reached a level that was 70.5 percent of the
respective optimum level.
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Aluwihare and Kikuchi (1990) conclude that the yield impact of fertilizer subsidy withdrawal
would be small in the long run, in the order of 1 to 2 percent. Such a small impact is due primarily
to the fact that the price elasticity of nitrogen demand is quite low because of the high nitrogen
intensity before the withdrawal of the subsidy.

Cropping Intensity

Contrary to expectation, the cropping intensity has not shown a significant increase even by the
late 1990s. The cropping intensity which was 136 in 1960 reached 145 in 1985, the highest recorded
so far (Figure 11.7).

Figure 11.7. Cropping intensity, 1970-90.
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Expanding the “effective irrigated area” by increasing cropping intensity would be a more
economical option, especially in areas where further expansion in the irrigated land frontier is
constrained due to financial constraints, limits in water sources or supply, etc. Cropping intensity
(or cropping index) is usually defined in terms of number of harvests per year from the same area
of land. In order to eliminate the problem of differential characterization of long-season and
short-season crops, and to reflect the degree of utilization of sunli ght, Levine et al. (1988) suggest
the use of hectare-days. This combines the area factor and the proportion of the year during which
a particular crop could be in a stage of active crop growth. This may be improved further by
incorporating a profit factor — profit per unit of water per year or profit per unit of land per day,
etc.
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Examples cited in the earlier sections of this paper included instances where management

strategies or interventions resulted in substantial increases in the cropping intensity: This can be

done effectively in several ways. Among them are: .

o Introduction of short-age crops thereby increasing effective area under cultivation per
unit of time.

e Multiple and relay cropping.

e Cultivation of 2-3 crops per year by adopting water saving techniques.

Staggering of land preparation, planting and other cultivation methods are common
phenomena in many irrigation systems. Even though staggering may not be completely avoided
due to some constraints (e.g., limitations in labor and farm power, water supply, etc.) “planned
staggering” of cultivation may be helpful both in saving scarce water resources and in increasing
" the number of crops cultivated annually.

Disparities in Production among Districts

Data used for the analysis are those published by the Department of Agriculture and the Department
of Census and Statistics. However, data for 1988 and 1989 are not available because the
Department of Agriculture could not collect reliable data as a result of the unseitled situation in
the country. The Department of Census and Statistics has covered 1988 and 1989 but its record
does not give many details.

Apparently, the 1980s do not show a clear yield increase in the different water regimes under
consideration. The yield levels recorded under irrigation are higher when compared with those
under the rain-fed conditions, but they are far below the yield potential of modern rice varieties.
This yield gap implies the importance, in regard to rice yields, of factors outside those of water,

However, this analysis at aggregate level does not represent the real picture at
irrigation-system level. Within irrigation systems, a significant portion of gap may be existing and
the gap could be explained by water inadequacies arising out of management problems.

Kurunegala District recorded the highest yala and maha yields in 1982 and 1985/86,
respectively under rain-fed conditions. Under irrigation, the highest yala and maha yields were
recorded in 1985 and 1985/86, respectively (Figure 11.8). Farmers who grew rice in rain-fed areas
in Kandy District reported higher yields in yala seasons in the late 1980s when compared with the
early 1980s (Figure 11.9). On the other hand, after the mid-1980s, farmers who grew rice in maha
seasons received yields that were lower than the yields of the early eighties. Irrigated rice farms
in Kandy and Polonnaruwa districts did not show any significant changes in the average yields in
the 1980s (Figures 11.9 and 11.10). .

In yala 1986, all three districts under consideration experienced severe: crop. failures.
Kurunegala District experienced the highest crop failure in the island in 1986 and the extent
harvested was only 54 percent of the gross extent grown. The drought that prevailed during 1986
yala continued during 1986/87 maha as well. Except for Polonnaruwa, which maintained the

production level achieved in 1985/86 maha, the other two districts experienced significant drops '

in production during the 1986/87 maha season, Kurunegala was among the districts which recorded
substantial declines in the extent sown during 1986/87 maha (a decline to 56.580 ha.: from the
71.604 ha cultivated during the previous maha season). The highest crop failure during both
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Figure 11.8. Changes in yield, Kurunegala District, 1981-90.
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Figure 11.9. Changes in yield, Kandy District, 1981-90.
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Figure 11.10. Changes in yield, Polonnaruwa District, 198]-9].
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seasons was in the Kurunegala District, which experienced the most severe drought conditions.
“The area harvested in the Kurunegala District was only 32 percent and 53 percent of the areasown
in 1986/87 maha, and 1987 yala, respectively. The extent totally damaged by the drought in the
Kurunegala District was about 50 percent of the gross extent sown in maha and 33 percentin yala.

In 1990, both Kurunegala and Polonnaruwa districts recorded substantial incréases in the

production of rice. These increases were achieved in spite of marginal drops in the yields per

hectare, mainly as a result of substantially increased area sown and the increased area harvested
due to favorable weather conditions (Figures 11.8 and 11.10). Kurunegala and Polonnaruwa
districts along with those of Anuradhapura and Amparai, and the Mahaweli H area accounted for
about 67 percent of the total increase in production during yala 1990.

The Gross Extent Cultivated. Kandy and Kurunegala districts do not show any increase in the
extent cultivated to rice during the 1980s. The areas sown in 1981 and 1990 in Kandy District were
36,433 ha and 35,257 ha, respectively. The areas sown in Kurunegala District were 109,637 ha
and 108,000 ha in 1981 and 1990, respectively. Polonnaruwa District shows a difference of about
38 percent in the area cultivated in the 1980s. The areas sown in 1981 and 1990 in Polonnaruwa
District were 56,666 ha and 78,350 ha, respectively. It is evident from these figures that
Polonnaruwa District has benefited from new irrigation development projects. The increase of the
area from 51,457 ha to 76,178 between 1981 and 1990 is significant under the major itrigation
systems..

Total Production. A comparison of data reported between the early eighties and the late eighties
shows that among the three districts under consideration only Polonnaruwa has recorded a
significant increase in the total production. If the decade 1981-91 is divided into two subperiods,

1981-85 and 1986-91, the average total production in Polonnaruwa District in the subperiod -
1986-91 shows a 27 percent increase from 207 mt to 264 mt. Average total production in the

subperiods 198185 and 1986-91 in the Kurunegala District were 347 mtand 348 mt, respectively.
(The years 1987 and 1989 were not included as these years experienced severe drought). Average
total production in these two subperiods in Kandy District were 85 mt and 87 mt, respectively.
As Attanayake and Wijayaratna (1986) indicate, in the light of (a} large investments that have
been made towards improvement of irrigation facilities and the consequent improvements in water
availability; and (b) relatively high yield levels such as in Polonnaruwa District, “a big jump” in

the yield level may not be expected in these “well-watered” areas. However, it-is prudent to .
investigate the gap between high-yielding and low-yielding farms in these areas and explore the .
possibility of bridging the gap. In this regard, it is very important to consider non-water factors
and their management because these factors may determine yield levels when water is not a'

constraining factor. Also, diverting a major proportion of further investments to improve other

more suitable areas which are already under rice cultivation, with the main emphasis on the

cost-effectiveness of such investments, seems to be more appropriate.

TRENDS IN COST OF PRODUCTION AND PRODUCERS’ PROFIT
MARGINS -

The changes that have occurred in the cost of cultivation of rice mainly since 1985 in different
water regimes are dealt with in this section, The analysis of the cost of cultivation of rice follows
an investigation of the changes in farm income that have taken place during the same period. The

changes in costs and returns of rice production help evaluate the trends in the profit margins of the.
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rice cultivation under different water regimes. Data used are from the Department of Agriculture
(DA} and it is important to reemphasize that the DA has not published its cost-of-cultivation data
in 1987 and 1988 due to the unsettled situation that prevailed in the country. Consequently, 1987
and 1988 data are not included in some analyses.

Changes in the Cost of Production

The production costs under all the water regimes have increased over the years, with districts that
have better water conditions showing higher costs. The farmers have spent more money on
cultivation in irrigated lands irrespective of cultivation seasons. The average costs of rice
cultivation during maha seasons between 1985/86 and 1989/90 under irrigation were Rs 9,173/ha,
Rs 10,01 3/ha, and Rs 13,804/ha in Kurunegala, Kandy and Polonnaruwa districts, respectively.
The respective figures for the three districts for 1981/82 maha season were Rs 7,769, Rs 7.373,
and Rs 6,770. The price increases were 18, 36, and 104 percent, respectively. Under rain-fed
conditions, there have been a 78-percent and a 110-percent increase in the cost of production. The
lack of a reliable water source may have been responsible for the little difference in the total costs
in the Kurunegala District over the years. In Kandy District, rain-fed farming seems to be more
expensive than irrigated farming.

Factors Responsible for Variations

The main reason for the variations observed in the cost of production could be the technology
associated with high-yielding varieties of rice and better water conditions, provided that the
consequences of inflation are common for all districts. In determining the reliability of water supply
in each district, the area under irrigation has been considered as the major criterion.

In spite of the low average annual rainfall and its higher variability (Table 11.1), Polonnaruwa
District has the best assurance of water where the irrigated rice crop is concerned. This is because
the area fed by the major irrigation systems in Polonnaruwa District is 97 percent against 20 percent
in Kurunegala District. Table 11.1 gives a summary of comparisons of reliability of water supply
and annual average rainfall along with data on cost of production. According to the average annual
rainfall they receive, rain-fed areas can be ranked as Kandy, Kurunegala, and Polonnaruwa in
descending order. These analyses show a close link between the level of investments and the
assurance of water availability. Therefore, it can be concluded that, to a large extent, reliability of
water supply determines the level of investments of rice production.

Table 11.1. Comparison of water status in selected districts and their average cost of production.

District Annual Standard | Area fed by different sources of water asa % Cost of
average deviation of area sown in 1990 production

rainfall Major Minor Rain 1989/%0

{1981-90 Irri, Sys, Irri. Sys. {Rs/ha)

Kurunegala 1,577 305 19.7 36.3 44 9,173

Kandy 2,601 418 22.5 40.23 37.2 10,013

Polonnaruwa 1,485 327 97.2 0.7 2.0 13,804




o problems. Shortages in the aggregate supply may even lead to complete crop failure$
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Attanayaka and Wijayaratna ( 1986) have summarized many studles Whlchdea!: ' ‘the dlmct

producers to take the risk of investing in the full package of inputs recomméﬁdﬂd‘ r-thb ﬁew o

varieties.

. of water. Problems associated with floods are mainly confined to the wet zone, while both wet and
dry zones experience water insufficiencies during the yala season: The *b!i‘é:cf’ba‘oblem'
accompanying irrigated farming appears to be the inadequacy and unrehab:hty ‘of water

Risks associated with rain-fed farming in Sri Lanka stem mainly from excess or msufﬁciency [

distribution, ‘This may happen due to inefficiencies in irrigation system: perfonnmoe sandfor

shortages in. the aggregate supply from the main source of water. Tnefficiens: in:system

performance may be caused by “software” (management) or “hardware" (physlcal inftﬁswcwre) :

As Barker et al. (1985) have stated, water is a major limiting factor in m:epmiﬁctlén in the-
tropies where the dominant monsoon weather patterns create pronounced wet &
' Water in appropriate amounts at the correct time in the growth cycle is crucial tl)iil' h tice yields.

y:SeAsOnS,

- Therefore, irrigation directly influences the crop yield. In addition, there is: nwmp!ememary

technical relationship between irrigation and other modern inputs in terms of thei ‘effects onithe e
ultimate crop yield. Barker (1985, p103) shows that favorite water cond!tlons result AN i '
shift in the fertilizer production and vice versa. EER A
Also, water supply could change farmers’ behavior which may have an mdmect mﬂuenoe on
. yields. For instance, reliable distribution of water may lead to its increased use by some farmers.
Such behavioral changes could be more prominent under small farmers' production. environment -
because these farmers have been classified as risk averters by many- researchm(W&igln 1975;
“Weins 1976; Herath 1981). '

This implies that the effect of water distribution on the contribution of {cmllzer in the derwad : :

production is not only a technical one, but also a behavioral one:.

The questions central to this issues are: To what degree has ifrigation becn able mmmove the _
risks faced by the small framer? Does the favorite complementary reiauonshlp that exists: between e
irrigation and other inputs compensate enough for the rising costs of these mpnts? - _

The potential of high-yielding varieties could be realized only. if ‘these: are’ gmwn with -
recommended packages of inputs such as fertilizer, water, and chemicals for contréi*ﬂf pests and
diseases, etc. Therefore, in areas with (relatively) poor water supply, farmers may not:try to reach

-+ the full potential of high-yielding varieties by adhering to the recommended; mkages ‘whefeas in

. areas with assured irrigation, farmers incur high costs for the input packages: di
escalations. Also other factors, such as farming skills, attitudes, resource endowinents, etc. ‘
influence the effectiveness of application of these inputs directly used in thepmduct ' _.pmcess

- Effect of Inflation

In addition to the intensification of rice production, which is usually assocmted w:th better water
conditions, increases in total cost of production may have taken place as-4 result of veral other -
factors, These may include the increasing rate of inflation in the country which; in _ta_l f] :
the prices of major inputs and services required for rice production. Also, replacement-of certam 3

" operations by certain capital-intensive innovations could result in both mcreased ﬂosls ‘and changes T

in the composition of the cost structure.
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The rate of inflation has risen remarkably over the recent years. For instance, the year 1990
saw a sharp upsurge in the general price level. On an annual average basis the Colombo Consumer
Price Index (CCPI) moved up by 21.5 percent during the year 1990, The increase on a point-to-
point basis (December 1990 over December 1989) was slightly lower at 19.6 percent (Central Bank
of Sri Lanka 1990). The acceleration in price change was also reflected at the primary market level
with the Wholesale Price Index (WPI) registering an annual average increase of 22.2 percent
between 1989 and 1990. The comparison of unadjusted cost/income data over time is not realistic
owing to significant price changes that have occurred during the last few years. Such a comparison
may distort the apparent trends which, in turn, would result in a misleading measurement of
economic performance of the producer. Therefore, it is necessary to convert the price value to a
standard for a meaningful comparison,

Index Used in Calculating Deflation

The CCPI or WPI do not seem to be appropriate deflators for costs related to agricultural production
methods. And the indices based on the fixed base weights method become less efficient as the base
periods get more and more remote and the input mix as well as the relative importance of individual
items vary over time. Therefore, the price of the product (price offered by the private dealers, or
the open-market price) is considered to be appropriate as a larger share of the production has been
purchased by the private dealers compared to the government dealer, namely, the Paddy Marketing
Board, which has purchased a smaller share at a guaranteed price. The Department of Agriculture
gives selling prices for respective districts. This method, which was introduced by Barker (Barker
etal. 1985), has been used in several other studies (Attanayaka and Wijayaratna, 1986: Abeysekara
1986).

This method cannot be considered as entirely compensating for price changes stemming from
inflation because prices of rice may change in relation to other items. Despite this limitation the
method provides a more clear picture of the price changes over the years.

Production Costs in Real Terms

The ratio of total cost of production to market price of rice tends to increase in all the districts, at
least during some seasons. The increase in the cost of production implies that the rate of change
in the total expenditure has been higher than that of producer price of rice over the years. The price
that rice farmers have received during recent yala seasons has been higher than that during the
maha seasons. Further, in yala seasons, there is an increasing trend in the cost of production in real
terms. In other words, the rise in the market price of rice has failed to compensate for the increase
in cost of production.

Figure 11.11 shows the total! cost of production in real terms and the share of major input items
in the cost structure. A more prominent trend can be seeh in Polonnaruwa District where the water
supply is more reliable compared to the other two districts. The results in Polonnaruwa District
suggest that rice cultivation has become capital-intensive in areas where the water supply is more
reliable. Kurunegala District, which has anly 20 percent of rice lands belonging to major irrigation
systems, shows a decreasing trend in the costs except for yala seasons under rain-fed conditions.
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Paid-Out Costs

Paid-out costs can be roughly calculated by deducting the value of family labor from the total cost
of production. As Table 11.2 shows, the total paid-out cost seems to be higher in areas where rice
is produced with a reliable supply of water. Irrigated areas in Polonnaruwa District have the highest
paid-out-cost values.

Kandy District, where rain-fed areas have a reliable water supply compared to Kurunegala
District, records values of paid-out costs which are higher than those for the Kurunegala District.

Table 11.2. Total paid-out cost for rice production under different water regimes (in kg of rice).

Season Kurunegala Kandy Polonnaruwa
Irrigated Rain-fed Irrigated Irrigated Rain-fed
1985/86 maha 2,370 2,201 3,366 3,414 2913
1986/87 maha 2,588 NA 3,067 3,463 2,792
1989/90 maha [,825 1,670 NA 3,249 2,180

Nate; NA = Not available

Cost Structure and Its Relative Composition

Figure 11.11 gives the composition of production costs during both yala and maha seasons under
irrigated and rain-fed conditions in all the three districts under consideration. Labor, farm power,
fertilizer, and agro-chemicals occupy about 90 percent of the total cost of production. Of the items
that are responsible for amajor share of the cost of production, Jabor accounts for the largest portion
irrespective of the season or the district concerned. The share of the labor component is about 50
percent,

Though an increase has been registered in the total cost of production, a clear trend in the
composition of the structure cannot be identified in the period concerned. However, the
composition of the cost structure is characterized by the specific situation in the districts. For
instance, the portion that has been occupied by farm power has always been higher in Polonnaruwa
District. Since the majority of the population draws its main income from rice cultivation, there is
relative scarcity of labor in Polonnaruwa District during peak demand periods. Consequently,
farmers hire machines to supplement a considerable portion of labor in the cultivation process.
Despite the higher percentage spent on farm power, labor is responsible for a higher percentage
of cost of production in the irrigated areas. Farmers in the Polonnaruwa District spend about 1,244
kg rice equivalents on hired labor compared to 352 kg rice equivalents spent by farmers in the
Kurunegala District in maha seasons with irrigation facilities.

Table 11.3 shows that labor requirement in rain-fed areas in Kurunegala District is lower than
that of its irrigated areas, whereas in Kandy District, rain-fed areas require more hired labor for
rain-fed cultivation. The physical setting and its limitations for the use of machinery may
necessitate farmers in Kandy District to hire more {abor. The necessity to use more labor is clear
since farmers in Kandy District have spent only a small portion on farm power.

There is no clear increase in the expenditure on fertilizer over the years. In fact, the proportion
spent on fertilizer under rain-fed conditions tends to decrease over years in Kurunegala and Kandy



o price of rice in relation to the base year 1985/86. Here, the average fertilizer price was. caleulated o

s The prices of labor and farm power have increased by 50 percent to 100 percent dunng the same
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Table 11.3. Hired labor requirement in rain-fed areas of districts as a perceni‘age afﬁe’inred
labor reguirement of their irrigated areas.

Season Kurunegala Kandy
1985/86 44 92 ONA
1986/87 NA 60 Sl UNA S
1989/90° 65 NA R/ S
Yala L
1986 : 12 119 O NA T
1987 90 51  NA..

" Note: NA = Not available

districts exceptfor 1989/90 maha in Kurunegala. The absence of a clearincrease in ﬂ'leexpr,ndlture

on fertilizer is rather alarming since the price of fertilizer has increased considerably*_o%rt.hg years. .

This is because it indicates that farmers are not prepared to spend more on fertili cost
other inputs which should be used in the specific amounts recommended by ‘the: Départinent
- Agriculture. SO

 Major Contributors to the Increase in Factor-Costs

Of the four major items that have been identified as contributing to a major share of production .

costs, labor and fertilizer seem to be the most significant components in pushing-up the total cost
of production. The impact of farm power on increasing costs also could beconmder»d as substantlal '
" but it is not as consistent as those of labor and fertilizer.
Figure 11.12 gives the price changes in labor, fertilizer and farm power along thh the market

by dividing the values of basal dressing, urea, and Top Dressing Mixture. The pncenf fertilizer

has almost trebled between 1985/86 maha and 1990/91 maha in all the districts under consideration.

period. For instance, the price of fertilizer that stood at Rs 3.07 per kg in 1895/86 m*‘Polonnamwa S

District increased up to Rs 9.28 (a 302 percent increase) by the 1990/91 maha season. The market -
price of rice that stood at Rs 3.32 per kg in 1985/86 maha in Polonnaruwa, Bismctumnéased en!y =
up to Rs 5.18 (a 56 percent increase) by the 1990/91 maha season. : B

Changes in the Producer Profit Margins

On the basis of primary data of the Department of Agriculture, gross income’ of the fahners has.
increased remarkably in each water regime. The increases of the gross income bétween 1981/82
maha season and 1989/90 maha season were about 12,500 Rs/ha and 12,000 Re/hi l'espectweiy, '
in the irrigated areas in both Kurunegala and Polonnaruwa districts. The -gro
cultivated ha had increased by Rs 2,850 in Kandy District between 1981/82 niah :
Similarly, farmers in rain-fed areas in Kurunegala and Kandy districts recorded 6,6‘?4 Rithi and




B~ JOMO Uied g

abeuasiag

pajebuy ‘emnieuuciod

90l —E— JOMOG LB —y— PZUSY —f—  NOGET —e—

uoseas uoseag
L6/06 06/68 28/98 BUew 9g/Se6l 16/06 06/69 28/98 eyew 98/5864
] T 0 T T 0
eeemmeresammoamammmeemaemeaeeamnes dmmmsemmemaeac——n i 0%
001
ool
05k
1,78
002
oo.N ..-.l..-.u-....-.t.-a....-c-l..-n-n.:.....-..-.-........... 052
052 A L L L e Rty Sn.
00 08¢
afewadiad

20l —g~ J8MOd Wed —%— JZMSY ——  INOGET —e—

pajebui




304

8,041 Rs/ha increases in gross returns, respectively between 1981/82 maha and 1989/90 maha.
The increase in the gross return is mainly due to the increase in the price under the Guaranteed
Price Scheme (GPS). This is because there has been no significant increase in the yield or
production of rice since the mid-1980s. The GPS price of rice which stood at Rs 40.00/bushel
(1 bushel =29 kg) in 1990 rose to Rs 110/bushel by 1990 (a price increase from Rs 1.82/kg to Rs
5.00/kg). In the meantime, the price received by the farmers or the farm gate price has always been
a little higher than the GPS price.

Also, itis important to look at the performance of the rice crop during yala seasons. The returns
recorded in yala seasons will help make decistons on growing nonrice crops in the rice lands with
proper drainage facilities. The farmers in the irrigated areas in the Kurunegala and Polonnaruwa
districts recorded Rs 21,009/ha and Rs 18,198/ha (respectively) increases in the gross returns
between 1981 and 1990. The farmers in the Kandy District increased their gross returns from Rs
5,207/ha in 1981 to Rs 10,238 in 1987.

Apparently, the gross returns from the rice crop seem to have increased over the years. The
picture should be further studied taking the changes that have taken place in costs and inflation.
Therefore, the next section will deal with the net returns, taking the impact of inflation into
consideration.

Net Returns

The net returns constitute the difference between the gross returns and the value of all the inputs
that have gone into the rice production including family labor, This indicator gives an idea as to
whether the inputs have been increasing at the same rate as the farm gate price of rice. Compared
to the gross returns, net returns per unit of land have increased only marginally even in terms of
current prices. The situation is further critical when real values are considered. Farmers in Kandy
District have been recording very low net returns under both the irrigated and rain-fed conditions.
Of the eight yala seasons since 1981 {except 1988, and 1989), three seasons recorded negative net
returns in the rain-fed areas in the same district. The areas under irrigation also recorded low net
returns of around Rs 2,000/ha with one season experiencing negative net benefits as well. Table
11.4 presents net returns in terms of current price and real values (rice equivalents),

Net returns in Kurunegala and Polonnaruwa districts have been at a higher level. Though gross
returns in Polonnaruwa District are higher than those of Kurunegala District, the net returns in the
former have been rather low. This is because in the Kurunegala District the inputs that have gone
into rice production are less than those of the Polonnaruwa District. For instance, in 1990 yala,
farmers in the irrigated areas in the Kurunegala District received net returns of Rs 15,247 against
a total cost of Rs 16,005 (Benefit/Cost ratio [B/C] =1.95) while the Polonnaruwa counterparts
received only Rs 10.479/ha against a total cost of Rs 18,718 (B/C=1.45), Under rain-fed conditions
also Kurunegala District recorded somewhat attractive results (comparative data are not available
for the Polonnaruwa District).
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lo 11.4. Changes in net returns.

Vater regime | Kurunegala District Kandy District
and season
u ‘Current price | Real value (kg | Current price | Real value (kg
" (Rs/he) of rice) {Rs/ha) of rice)
3,018 809 1,025 304 . NA| .
3,060 836 1,309 384 NA |
7,665 908 1.874 284 NA. |
7,130 1,654 a45 136 N |
NA -313 9% NA A |
6.999 1,167 5,899 838 NA - oo
5,204 1,591 2,224 652 3173
1987 4875 1304 476 2 atnn’
1990. - 15,247 1.875 NA NA 10479 .
Mitha _
Clegsme | 6561 2,116 2,193 941 age |
-1986/87 6,571 1,861 m .83 -3.425
1989/%0 13,361 2,112 NA NA | sasd |

' NA = Not available

pm parison w:th Nonrice Crops

$ interesting to note that nonrice crop cultivation in these areas yields sxgmﬁmtl. hlgh | _vels
i profit margins while rice farmers are facing a situation of eroding returns to.a.unit inveistment;
 comparison of production costs and returns according to various facters of pmdu ionfor -
uitivation of rice and chili in Kurunegala District is given in Table 11.5:(The De sent of
‘“Agriculture has not,published data on nonrice crops for the other two districs.y: Data:avajlable
wggest that returns to al! factors of production are higher in chili cultivation whﬂethemc!stsmkmg :
indicator seems to be the total profit margin per unit of land of chili over that of rice. Also;nonrlce

mwughout the season. Another way of comparing the performance: of the rice-crap with
ornirice crops is through their water productivity, which can be catculated ina.crude wi
o4 unit of water that was consumed by the crop. Table 11.5 shows. that in-term
productivity, the chili crop records remarkable high yields over the rice crop:
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Table 11.5. Production costs and returns 1o selected factors of production for rice and nonrice
crops under irrigated conditions in Kurunegala District, 1990 yala,

Rice Chili
Cost of production (Rs/ha) 16,005 25262
Gross returns {Rs/ha) 31,253 79,627
Net returns (Rs/ha) 15,247 54,365
Labor requirement (days) 160 320
Profit per labor day 95 170
Profit per Rs 100 investment (Rs) 95 215
Water productivity (Rs/m>) 1.89 5.10
Assumed water requirement* (m°) 16,500 15,600

Note: Water productivity = Gross returns/ Total water requirement
* Water requirement was assumed using the data available for other study locations since specific data are not available
for Kurunegala District.

POLICY IMPLICATIONS

Rice cultivation will continue to play a vital role in the Sri Lankan economy. Investments in
irrigation and associated technologies such as high-yielding seed varieties and fertilizer, together
with management inputs had contributed to the significant increase in rice production and
productivity in the past. The area cultivated to rice and the national average of rice yield had reached
their peak levels by the mid-1980s. Apparently, 1985 was a turning point: key determinants of
total production such as yield level and area cultivated did not show clear rates of growth under
any one of the three regimes of water considered in the analysis. The cropping intensity, which
had been stagnating over a longer period, also did not show any significant improvement. I is clear
that unfavorable weather conditions and certain other “external factors” have contributed to this
state of affairs. The study did not analyze the possible contributions of declining soil fertility or
increased incidence of pests and disease attacks, etc. on the recent decline in the growth rates of
production and preductivity. It would, however, be difficult to quantify such contributions to rice
production during the period 1985-91, because: a) cultivation in many areas has been affected by
such external factors as unfavorable weather conditions and civil disturbances; and b) the time
period under consideration is too short to establish such trends, especially due to the lack of a
proper data set including “controlled”” conditions.

The rise in the market price of rice has failed to compensate for the increase in the cost of
production. Rice cultivation, especially in *well-watered” areas has become a more
capital-intensive venture, The price of fertilizer for instance, has trebled between 1985 and 1991,
and costs of labor and farm power have increased 50-100 percent in the three districts included in
the sample. The market price of rice, on the other hand, had increased by about 55 percent during
the reference period (Figure 11.12). The net returns per unit of land in real terms have not shown
a significant improvement in any one of the areas studied.

In the context of uncertain (world) prices for rice, declining growth rates of production and
eroding profit margins, it would be prudent to analyze the potential for future increments in
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productivity of scarce factors of production and increasing cropping intensity, while checking the
cost of production which is an equally important factor.

The analysis in this study did not include an in-depth enquiry into the differences between (a)
production areas such as different irrigation schemes or (b) farms in the same area. For instance,
there is a need to analyze the gap between the high-yielding farms and low-yielding farms, in
similar production systems. Both water and non-water factors may be responsible for such gaps.
And, such gaps, perhaps, may be reduced by low-cost management techniques.

In the long term, research may be conducted to explore the possibility of raising the technical
ceiling of crop yields. Research into appropriate crop management techniques should also
investigate the comparative long-term productivity of the continuous cropping of rice versus
alternative rice-based cropping patterns. Providing crop rotation in a rice cropping system helps
to maintain of regenerate soil fertility, reduce weeds and pest buildup, and provide more diversified
options to sustain farm incormes (Westcott and Mikkelsin 1988). Grain legume crops such as
mungbean or cowpea, leguminous green manures, or vegetable crops may be particularly suitable
rotation crops with rice.

Improving yields through increasing input-use efficiency. In addition to improved water
management, other input-saving technical changes can also be considered. These may take several
forms and the following are a few examples: integrated pest management, integrated nutrient
management, direct seeding techniques in place of transplanting, and more efficient water use.

Cropping intensity. Nearly one half of Sri Lankan rice lands are cultivated to anything but a single
rice crop per year. Is there a potential for increasing the intensity of cultivation on these lands?
Technically, double cropping of rice on the favorable lowland areas is possible with early maturing
varicties and more determined research on the management constraints. However, the real potential
for increasing cropping intensities lies with the expansion of nonrice crop production in irri gation
systems.

However, to be successful in irrigation systems that have a diversified cropping pattern,
collective action is needed to: 1) ensure adequate water supply; ii)regulate timing of water supply;
and iii) prevent excess water for the nonrice crops. The timing of water flow for nonrice CTOpS is
different from that of the rice crop and in-season regulation of timing of water is important. Also,
the water flow has to be regulated to prevent excess water into the nonrice crop lands. Therefore,
the necessity for collective action for water control is more important in irrigation systems where
NONTice Crops are grown.
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Department of Irrigation and Soil Conservation, for which he undertook studies in Malaysia, India and Israel.
He joined the Pakistan Division of TIMI in May 1991 as an associate expert under the terms of the Dutch
Ministry of Development Cooperation. In Pakistan, he has worked mainly on.interrelated problems of
irrigation management and salinity.
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Dr Ujjwal Pradhan, IIMI Social Scientist (Assistant Irrigation Specialist} in Nepal received his Bachelor s
from St. Stephen’s College, Delhi and a Master’s in Sociology from the Delhi School of Economics. He

completed his Ph.D. in Development Sociology at Cornell University. Prior to _|0|mng 1IM1, he was-an

Institutional Development Specialist with Euroconsult, the Nethertands, for the World-Bank-funded
Irrigation Service Fee Project in Indonesia. .

Rey, Jacques

Mr. Jacques Rey (France) is a graduate of the Ecole Polytechnique, Paris (Physics, Mathematics) and the
Ecole Nationale du Genie Rural des Eaux et Forets, Paris (Environmental Engineering). He comipleted
postgraduate studies at the University of Montpelier (France) in late 1990 working mainly with the water

'flow regulation unit of the parastatal French research center, CEMAGREF. During the summer of 1990, he

performed a 10-week study for IIMI on the use of water flow simulation models for 1mprovmgcana1 lmgatlon
management. He joined ITMI as an Associate Irrigation Specialist in February 1991 under the terms of an
agreement between IIMI and the French Ministry of Agriculture. T
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Dr. Ramaswamy Sakthivadivel (India) completed his Ph.D. at the University of California at Berkeley on a
Government of India Fellowship. His Bachelor's and Master’s degrees are from the University of Madras.
He was a professor at and Director of the Center for Water Resources, Anna University, Madras and a Visiting
Fellow at the University of Birmingham between 1983 and 1987. He has been-a Consultant for the World
Meteorological Organization and UNDP in Indonesiz, Thailand, Malaysia and Sri Lanka. Dr. Sakthivadivel

is a Senior Irrigation Specialist with IIMI attached to the Sri Lanka Field Operations. He is Lhe author of three -

books and more than 100 articles.
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Dr. Hilmy Sally (Sri Lanka), Project Leader of 1IMI’s program in Burkina Faso, holds a Bachelor’s degree
in Civil Engineering from the University of $ri Lanka and a Master’s degree in Water Resources Development
from the Asian Institute of Technology in Bangkok, Thailand. He complctcd his post-graduate studies at the
Institut de Mecanique des Fluides/Institut National Polytechnique in Toulouse, Francé from, where he
received a Ph.D. Dr. Sally joined IiMI in 1985 as a Post-Doctoral Fellow, While at HIMI Headquartérs, he
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worked on the development and application of microcomputer-based simulation models in support of main-
canal operations. He has been based in Burkina Faso since April 1991,
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Pierre Strosser (France) received his Master’s degree in Agricultural Economics from Wye College,
University of London. He is also a graduate of the Institut National Agronomique, Paris-Grignon, and of the
Ecole Nationale du Génic Rural, des Eaux et des Foréts. He joined IIM1’s Pakistan Division as Agricultural
Economisi in May 1991. He is mainly involved in the analysis of farming systems and has recently started a
study on water markets (surface water and groundwater) in Pakistan.

Svendsen, Mark

Mark Svendsen is a Research Fellow at the International Food Policy Research Institute and holds a joint
appointment with the International Irrigation Management Institute. He received a Master’s degree from
Colorado State University in Water Resource Systems Engineering and a doctorate from Cornell University
in Soil and Water Engineering, He has worked on irrigation management questions in Asia and Africa for
more than 15 years, concentrating on issues of water control, irrigation financing and cost recovery, and
irrigation performance.
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Dr. Alfredo B. Valera is currently the Head of 1IMI-Nepal Field Operations. He completed his Bachelor's
and Master’s degrees at the University of the Philippines. He worked as a Senior Research Assistant at the
Irrigation and Water Management Department of the International Rice Researck: Instituie for 6 years. He
pursued his Ph.D. program at Cornell University and completed it in 1985, Prior to taking up his current
assignhment, he was the Head of IIMI-Philippines Field Operations and later an Irrigation Specialist at IIM]
Headquarters in Colombo. He has authored 17 research papers and articles.

Vander Velde, Edward J.

Dr. Edward J. Vander Velde (USA), IIMI Senior Irrigation Specialist in Pakistan, was educated at the
University of Michigan where he earned a Ph.D. and an MA in Geography with a specialization in South
Asian studies. Before joining IIMI in 1986, he taught geography and environmental studies for twenty years
at universities in the United States, Kenya and India. He was a Fulbright Professor in Human Geography at
North-Eastern Hill University in Meghalaya. During that period, Dr. Vander Velde was also a consultant on
institutional and environmental fssues for Irrigation Projects in Sri Lanka, India and Pakistan. In Pakistan,
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research activities to mitigate salinity in irrigated agriculture and to develop decision-support technology for
improved irrigation system operations and maintenance; he also coordinates IIMI's GIS Program.
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Dr. Douglas Vermillion is a Sociologist and Irrigation Management Specialist at the International Irrigating
Management Institute (IIMI), based in Colombo, Sti Lanka. He received a Ph.D. in Rural Sociology from
Cornell University. He has worked two years in the Philippines, six years in Indonesia and three years in Sri
Lanka. His primary expertise is in institutional change and management transfer, rural appraisal methods and
management performance.
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