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Introduction

Ethiopia has registered an average annual GDP growth rate of 10.3 percent
over the 2005/2006-2015/2016 period (Bezawagaw et al. 2018), a remarkable
achievement for a country with little dependence on natural resources such as
oil or minerals. Critical to these changes were strong political commitments
that put agriculture at the center of Ethiopia’s development agenda since the
1990s (Berhane, Bachewe, and Minten 2018). Spearheaded by public invest-
ments, GDP growth has been largely driven by growth in the agricultural sec-
tor (Bachewe et al. 2018; Hill and Tsehaye 2018). For more than two decades,
Ethiopia’s growth strategy has remained agriculture-focused, as shown by a
budget exceeding the CAADP agriculture investment target of 10 percent

of the national budget (Mellor 2014; AGRA 2018). Within agriculture, crop
productivity has received substantial attention as significant investments

were made in its extensive extension system and in ensuring access to modern
inputs (Berhane et al. 2018). Parallel investments in roads, safety nets, educa-
tion, and health have also contributed to subsequent recovery and turnaround
of the sector.

Largely driven by public investments and favorable economic conditions,
Ethiopia’s total value of smallholder crop output more than doubled—from
14 million metric tons in 2004/2005 to 32 million metric tons in 2015/2016.
Average crop output grew between 8 percent to 13 percent a year and cere-
als accounted for a lion’s share of the total crop output growth. In the same
period, land under cultivation has expanded by about 27 percent, 90 percent
of which was used for cereals (but later declined and leveled off), and aver-
age cereal yield has increased by about 5 percent a year. Output growth was
attributed to land expansion as well as yield growth (Bachewe et al. 2018).
However, despite high growth rates, Ethiopia’s yield levels remain rather low
and they are showing signs of slowing down recently. A key question is there-
fore whether Ethiopia can sustain productivity increases to achieve further
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agricultural transformation in the face of declining additional cultivable land
and the recent slowing down of yields.

This chapter tries to answer this question by assessing the patterns,
sources, and prospects of crop productivity in Ethiopia. We discuss the sources
of crop output growth and assess the role of land, labor, technological inputs
(for example, fertilizer, improved seeds, extension, and so on) as well as total
factor productivity (TFP), a key measure of sustained long-term growth.

We provide an overview of key policy achievements, focusing on fertilizers,
improved seeds, credit, the extension system, irrigation, and mechanization.
We outline existing structural bottlenecks for future growth. We contextual-
ize the discussion by comparing Ethiopia’s recent achievements with selected
recent experiences of African (Burundi, Kenya, Malawi, Niger, Nigeria,
Rwanda, Sudan, Tanzania, and Uganda) and Asian (China, India, Indonesia,
Malaysia, and Thailand) countries—the latter when they were at about the
same level of development as Ethiopia is now.

We find that expansion in cultivated land and labor have, respectively,
accounted for about 13 percent and 30 percent of Ethiopia’s observed crop
output growth in the past decade. Expansion in use of chemical fertilizers,
improved seeds, and extension were also important contributors. Moreover,
TFP growth has contributed to about 18 percent of output growth in the
same decade, suggesting efficiency gains of investments in the production pro-
cess. However, TFP growth has declined in most recent years (from 38 percent
in the beginning of the period to 16 percent at the end of the period), con-
tributing to the recent slowdown in yield growth. The decline has contin-
ued despite continued investments in TFP increasing nonconventional inputs
such as extension and chemical fertilizers. The contributions of land and labor
inputs have also remained roughly the same, suggesting additional gains in
and keeping up with sustained productivity is likely to be increasingly diffi-
cult. We discuss the most important bottlenecks behind this slowdown and

highlight potential ways going forward.

An Assessment of Crop Production Patterns
Ethiopia’s investment in agriculture since 2004/2005 has mainly focused on
crop production. As a result, the lion’s share of agriculture’s contribution to
GDP growth comes from growth in crop production (Bachewe et al. 2018).
In the decade between 2004/2005 and 2013/2014, Ethiopia’s agriculture sec-
tor on average grew by 7.6 percent annually, which accounted for 3.6 percent
of the 10.7 percent real GDP growth in this period. The agricultural sector
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has on average contributed 47 percent to real GDP, 32 percent of which was
accounted for by the crop subsector.!

This section focuses on this important subsector in Ethiopian agriculture
(the livestock subsector is dealt with in a separate chapter). We begin with
assessing trends in the real value of crop output (valued using the monthly pro-
ducer prices of Ethiopia’s Central Statistical Agency [CSA] and adjusted for
inflation by regional price indexes) and report on growth rates in production,
area cultivated, and yield. We discuss trends for major food grains in the main
production season (called 7eber), while also highlighting the types of crops
grown in Ethiopia. The data used are from CSA’s annual crop output reports
(Ethiopia, CSA Volume 1,2005-2016) computed based on annual agricul-
tural sample surveys.”

We update the evidence provided in Bachewe et al. (2018) to the most
recent years for which data are available and discuss the potential and con-
straints for further growth in this sector in the years ahead. To help frame the
discussion on further potential, we put the Ethiopian experience into an inter-
national context.

Trends in Crop Output, Area Cultivated, and Yield

Ethiopia’s total value of crop output grew from 14 million metric tons

in 2004/2005 to 36 million metric tons in 2017/2018 —that is, an aver-

age growth rate of 9 percent per year (Table 3.1). Average crop output grew
between 8 percent to 10 percent a year in the early years of the decade but had
slightly fallen to 5 percent in 2011/2012 and then rose to about 10 percent to
13 percent annually in the last three years of the decade. Cereals accounted
for about 72 percent of the total crop output and grew by 8 percent a year.
Maize is among the top drivers of this growth in cereals (Abate et al. 2015).
Fruit crops also grew rapidly—that is, by an average of 12 percent a year—
although growth was sporadic over the 11 years and fruit crops are only grown
by a few holders in relatively small pockets of the country. Pulses and oil-
seeds—some of them used for exports—have also performed well, partic-
ularly toward the end of the decade, suggesting the increasingly important
contributions of commercial crops. However, compared to cereals, their share

1 Agriculture remains a major employer in the Ethiopian economy, accounting for 80 percent of
all workers in 2005 and 77 percent in 2013 (Bachewe et al. 2018).

2 The analysis in this chapter, unless indicated otherwise, uses data from the annual smallholder
agricultural production survey collected by Ethiopia’s Central Statistical Agency (CSA). Recent
investments by large commercial farmers mainly in the lowlands has limited spillovers to small-
holders (Ali, Deininger, and Harris 2019) and is separately treated in Chapter 7.
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in total grain output remains low. Roots crops, a common staple in south-

ern parts of Ethiopia, have become a dynamic subsector in recent years, dou-
bling in production from 1.8 million metric tons in 2009/2010 to 3.6 million
metric tons in 2012/2013, and then increasing to 4.2 million metric tons in
2013/2014. Vegetables have also achieved notable growth—with a growth
rate of 6 percent a year—albeit at fluctuating rates over the decade considered.
The latter could be due to changes in access to irrigation, which varies across
years depending on availability of moisture as well as the increasing incidences
of diseases.

Growth in output has been accompanied by growth in crop yields (defined
as the ratio of value of output to area cultivated). Table 3.2 reports crop
yields for the period 2004/2005 to 2018/2019 (see Table 3.3 for area culti-
vated). In general, yield has substantially increased (about 6 percent annu-
ally) for all crops over the 12 years considered, albeit from a low base. Among
grains, cereals have seen the highest yield growth rate—almost doubling
from 11.8 quintals per hectare in 2004/2005 to 26.8 quintals per hectare in
2018/2019—followed by pulses and oilseeds.> Among the nongrains, oilseeds
register the lowest yield levels while root crops saw the highest yield levels—
for example, 195.9 quintals per hectare in 2018/2019—followed by fruits at
60 quintals per hectare to 70 quintals per hectare. However, these latter crops
constitute only a tiny share of the total cultivated land in the country, and the
area covered by these crops has stagnated over the period considered.

Given the importance of cereals in Ethiopia’s crop agriculture, we present
statistics on the dynamics of individual crops separately. Bachewe et al. (2018)
show that during the 2004/2005-2014/2015 period, cereals, composed of
five important crops—teff, maize, wheat, sorghum, and barley—accounted
for 63 percent of real value of crop output (and contributed the lion’s share of
the smallholder agriculture economy in Ethiopia) and that the extent of crop
diversification remained stable over the decade considered. The four major
cereal crops have seen an average annual yield growth rate of 18 quintals per
hectare for 15 consecutive years (Figure 3.1). However, yield growth varies
by crop. Maize stands out with the highest average annual yield growth (25.5
quintals per hectare), followed by wheat (18.9 quintals per hectare), barley (15
quintals per hectare), and teff (12.4 quintals per hectare). Clearly maize has
seen an expanding share of production within staples in the same period and is
now the second-most widely cultivated crop in Ethiopia (Abate et al. 2015).

3 A quintalis equal to 100 kilograms.
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FIGURE 3.1 Yield growth of maize, wheat, barley, and teff, 2004/2005-2017/2018
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Source: Authors’ computation using Ethiopia, CSA annual reports (Ethiopia, CSA 2005-2018).

While the aggregate crop output has more than doubled over the decade
under consideration, the number of holders also grew from 11 million in
2004/2005 to 15.7 million in 2017/2018.* An increase in the number of hold-
ers given limited available land resources means that additional output gains
from expanding cultivable land has declined (Headey, Dereje, and Taffesse
2014). Table 3.3 reports trends in cultivated area covered by grains, vegetables,
root crops, and fruits (see also Figure 3.2). There are three important points
to note from Table 3.3. First, considering all crops, an additional 3.1 million
hectares of land has been cultivated between 2004/2005 and 2018/2019,

a 31 percent increase from land cultivated in 2004/2005. Second, about

90 percent of the cultivable land added is used for cereals, and land under cash
crops except for pulses (which increased by about 30 percent) has only slightly
increased, or the increase is insignificant given the low base (as in the case of
vegetables). Third, expansion in cultivable land was rapid at the beginning

of the decade—about 3.7 percent—but that expansion has quickly dwindled
toward the end of the decade. While yield growth is positive but variable and
with a declining trend (see trend line in Figure 3.2), expansion in cultivated
acreage has eventually leveled off. The widening declining trend lines for yield
and area expansion in Figure 3.2 further suggest that improvements in use of
modern inputs and the extension system were not sufficiently compensating for

4 Aholder is a person who exercises management control over the operation of his/her plots
(Ethiopia, CSA 2014/2015).
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FIGURE 3.2 Growth in area cultivated and yield of grains (%)
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Source: Authors’ computation using CSA annual reports (Ethiopia, CSA volume 1, 2004-2016).

declines in yield growth due to declines in area expansion (that is, given that the
downward-sloping trend line for yield growth follows that of area expansion).

Yield Growth in Ethiopia Compared to Other Countries

For more than two decades, Ethiopia’s overall agricultural growth surpassed
the CAADP target of 6 percent growth (AGRA 2018).” Cereal yield growth
has been significant in the most recent 12 years of the two decades (that is,
it grew by 4.9 percent a year), making Ethiopia among the best recent per-
formers in Africa south of the Sahara (Mellor 2014). An important feature
of Ethiopia’s agriculture growth is yield growth, unlike that of many other
Africa south of the Sahara countries whose growth heavily relied on expansion
of area under cultivation and not yield (see Nin-Pratt 2016; Fuglic and Rada
2013; Bachewe et al. 2018; Mellor 2014).

To put this in perspective, we compare Ethiopia’s yield growth in the
period 2001-2012 to selected African countries for which comparable data
from the other countries is available. Figure 3.3 reports the annual average

5 CAADP is the Africa-wide strategy developed by the African Union, where all heads of state
of African countries have agreed to allocate at least 10 percent of their spending on agriculture
(African Union 2010).
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FIGURE 3.3 Land productivity in selected countries in Africa, 2001-2012 (annual average
growth rate, %)
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Source: Compiled from Benin and Nin-Pratt (2016).

Note: Large agriculture economies has at least 3 percent of Africa’s total agricultural output; fast-growing agricultural
economies surpass the CAADP agricultural growth rate target of 6 percent per year.

growth rate by group of African countries, mainly countries with middle-
income status, and those that are deemed fast-growing as well as those with

a large agricultural population share. With an average annual growth rate

of 4.6 percent (only for the years for which we have data for other coun-
tries), Ethiopia clearly stands below the SSA average but surpasses the
middle-income average of 3.2 percent per year for the period 2001-2012. It
also performed well compared with many of the large agriculture as well as
resource-rich and fast-growing agriculture economies except Angola, Nigeria,
and Sierra Leone (which Ethiopia outperformed in most recent years). It is to
be noted that these data are a bit outdated for Ethiopia, and its growth rate
has gone up significantly since the years considered.

However, despite these recent high growth rates, yield levels are still rather
low compared with what has been observed in many other contexts, particu-
larly for crops in which Ethiopia has significant potential. Maize and wheat
are among crops with high potential in Ethiopia given the promising fertilizer-
improved seed responses observed for both crops in recent years and avail-
ability of relatively larger land suitable for both crops in the wheat and maize
growing areas of the country (Abate et al. 2015; Mellor 2014). A cursory look
at yield levels of these two important crops in Ethiopia against other countries
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FIGURE 3.4 Maize and wheat yield levels and growth rates for selected countries,
2004-2013
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Source: Adapted from Bachewe et al. (2018).

can help shed light on this issue. Figure 3.4 shows yield levels and yield growth
rates for maize and wheat for selected countries for the period 2004-2013.

In 2004 maize yields in Ethiopia were respectively 25 percent and 20 percent
lower than that of Egypt and the United Sates. This gap had declined by 2013
when Ethiopia’s maize yield levels increased to 44 percent and 33 percent of
that of Egypt and the United States, respectively. Clearly, although Ethiopia’s
maize and wheat yield growth rates have exceeded any of the countries pre-
sented in this discussion, including China (which has registered remarkable
growth rates in both crops), Ethiopia’s yield levels still remain low, suggesting a
substantial yield gap that Ethiopia can catch up with.

Trends in Productivity and Implications
for Agricultural Transformation

Sustained increase in agricultural productivity is the cornerstone for a success-
ful agricultural transformation (Hazell 2009; Tomich, Kilby, and Johnson
1995). In agrarian economies like Ethiopia, decades of continued investments
and government strategic leadership are needed for sustained productivity
increases to achieve successful transformation (Hazell 2013). The descriptive
evidence presented earlier suggests that Ethiopia’s crop agriculture is on the
move in the past decade. A fundamental question is what the key sources are
of the recent output growth and whether such growth trends can be sustained
into the future to achieve agricultural transformation in Ethiopia.

A key challenge in the agricultural transformation of Africa south of the
Sahara is that growth has relied on expansion of the area under cultivation
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and not yield (Jayne, Chamberlin, and Benfica 2018; Nin-Pratt 2016; Fuglic
and Rada 2013). In contrast, the yield (partial productivity) evidence pre-
sented so far shows Ethiopia’s agricultural growth is associated with both area
expansion and yield growth. However, comparisons with selected countries
indicate that Ethiopia’s yield growth occurs from a rather low base and as such
yield levels lag far behind those required to achieve agricultural transforma-
tion as observed in Asia or elsewhere. Thus questions remain regarding the
extent to which the recent takeoff can be sustained and whether Ethiopia is on
the right track to transform its agricultural sector as envisioned by Ethiopia’s
Growth and Transformation Plans.

TOTAL FACTOR PRODUCTIVITY

To get better insights into these questions, we look at how Ethiopia’s crop-
agriculture has fared in terms of total factor productivity (TFP), a more com-
prehensive measure of overall performance than, for example, yield growth.
TFP is a favored measure of long-term productivity growth, as sustained
increase in TFP is considered the core driver of sustainable agricultural trans-
formation (Laborde et al. 2018). TFP is estimated residually as the rate of
change in output not explained by the rate of change in conventional input
use such as labor, land, and capital and TFP growth suggests that the same or
fewer inputs can produce more outputs through more efficient ways of produc-
tion, including through adoption of new technologies or shifts to better pro-
duction methods (Sheng, Ball, and Nossal 2015). In short, “changes in TFP
can be interpreted as a measure of the collective contributions of nonconven-
tional inputs in agriculture, such as improvements in input quality, introduc-
tion of better ways of doing things, leading to technical change and economies
of scale” (Fuglie 2004: 1; Ruttan 2002). TFP is often further decomposed
into finer measures of technical change—referring to the movement of the
technological frontier; efficiency change—referring to movement of individ-
ual farmers toward or away from the technological frontier; and scale-efficiency
change—referring to movement of farmers above the technological frontier

to capture economies of scale (Benin and Nin-Pratt 2016). We come back to
these further refinements later in the chapter, and we focus on the decomposi-
tion of productivity into changes in TFP and other factors involved.

We use 12 years of CSA data on crop output, land, labor, fertilizers,
improved seeds, irrigation, extension services, pesticides, and other factors.
Bachewe ct al. (2018) used a modified growth accounting model (Solow 1957)
to decompose growth in real value of crop output into changes in input use,
changes in TFP, and other exogenous factors that affect output growth. This
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study follows the same method and extends the analysis using two additional
data points that have become available after that study. However, the follow-
ing important caveats are in order when interpreting TFP results using this
method. First, it is assumed that markets are competitive, and production is
represented by an aggregate crop production function that can be expressed
as a relationship between inputs and outputs where output levels increase
with increases in these inputs. Second, due to lack of data, not all factors that
can affect this production relationship are included in the analyses. These
include, farmers’ use of organic fertilizers, mechanization, and improved land
and water management practices, as well as other exogenous factors, such as
weather changes. Insofar as these factors are not included in the analyses,
changes in TFP obtained from the analyses also include the effects of those
factors (Sumner 2014).

We provide results of the growth accounting analyses (described above) in
Figure 3.5. It presents the average contributions of inputs considered and TFP
to crop output growth over the period 2004/2005-2015/2016. On average,
change in labor, land, fertilizer, improved seeds, and access to extension has,
respectively, accounted for 30 percent, 13 percent, 11 percent, 12 percent, and
7 percent of real output growth over the 11 years considered.

All other factors—namely irrigation, pesticides, and rural roads—had rel-
atively smaller contributions, which is expected given the limited roles these
still have in Ethiopian agriculture. Note, however, that in this method roads
measure direct effects only but they indirectly affect modern input use, which
were important drivers of growth. The remaining 18 percent growth in real
output is accounted for by a change in TFP. These results are consistent with
those reported in Bachewe et al. (2018), except that the TFP contributions
have declined from 22 percent—in 2004/2005-2013/2014 to 18 percent in
2004/2005-2015/2016.° As depicted in Figure 3.6, TFP growth has contin-
ued to decline substantially, slowing output growth from 15 percent a year
in 2004/2005 to 7.2 percent in 2014/2015 and 3.4 percent in 2015/2016.
When further disaggregated by a period of three to four years (see Figure 3.7),
it is clear that average TFP contribution to output growth has decreased sig-
nificantly from 38 percent in 2004/2005-2008/2009 to 16 percent in the
most recent years of 2013/2014-2015/2016.” It is important to note that
TFP growth has continued to decline despite the fact that traditionally

6 Details of the contributions of each factor are presented in Table 3A.1 and Table 3A.2.

7  Figure 3.7 shows relative contributions of inputs and TFP to output growth disaggregated by
growth episodes of three to four years in the decade.
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FIGURE 3.5 Average contributions of factors and total factor productivity to crop output
growth, 2004/2005-2015/2016
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Source: Authors’ computations using CSA data (Ethiopia, CSA volumes 1, 2, and 3, 2004/2005-2015/2016) and EDRI (2009).
Note: Others include rural roads and other capital investments.

FIGURE 3.6 Trends in total factor productivity and output growth, 2004/2005-2015/2016
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Source: Authors’ computations using CSA data (Ethiopia, CSA volumes 1, 2, and 3, 2004/2005-2015/2016) and EDRI (2009).

TFP-increasing technological (nonconventional) inputs such as extension, use
of fertilizer and pesticides, investments in roads, and irrigation have increased.
The contributions of traditional inputs (land and labor) have also slightly
increased or roughly remained the same over these periods.

A number of reasons can be given for this observed dynamic in TFP.
First, Berhane et al. (2018) find that the extension system has increased pro-
ductivity indirectly through its effects on increasing adoption of modern
inputs but not directly through its (knowledge transfer) effects on improving
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FIGURE 3.7 Relative contributions of inputs and total factor productivity to output growth (%)
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Source: Authors’ computations using CSA data (Ethiopia, CSA volumes 1, 2, and 3, 2004/2005-2015/2016) and EDRI (2009).
Note: Others include rural roads and other capital investments.

better use of these technologies and modernizing the overall farming sys-
tems.” Once the low-hanging fruits in productivity increases (at a rather low
base) are exhausted through this basic support, achieving additional produc-
tivity (TFP) gains becomes increasingly difficult. Second, Ethiopia’s invest-
ment on agricultural R&D as a share of agriculture GDP is one of the lowest
even among African peers (Laborde et al. 2018). As a result, the link between
research and the extension system is weak (Berhane et al. 2018), limiting long-
term productivity gains ultimately leading to declining TFP. Third, although
significant capital investments have been made on roads and other physical
infrastructures in recent years, poorly developed value chains and weak inte-
gration with central markets for a number of crops prevent farmers from real-
izing the full productivity potential—as in the form of changing production
organization in farming—of such investments (Laborde et al. 2018). Fourth,
despite the initial focus on agriculture-led development and the commitments

8 Ethiopia has put in place one of the largest extension systems in Africa (Davis et al. 2010).
However, the system has remained largely under resourced and poorly linked with research,
and as a result has rather focused more on channeling of modern inputs and less on provid-
ing knowledge-based support to farmers (Berhane et al. 2018). See also Abate et al. (2019) and
Makhija et al. (2019) for discussions of video-mediated agricultural extension in Ethiopia.
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to invest in agriculture in the early years, there has been a recent slowdown in
Ethiopia’s efforts to support agriculture (as evidenced by the relative budget
decline as share of GDP in recent years and the shift in focus to manufactur-
ing and infrastructure sectors) (Laborde et al. 2018).

Sources of Productivity Growth and Implications
for the Future
The sources of recent productivity growth in Ethiopia’s crop agriculture can-
not be explained without understanding the initial conditions. Prior to the
1990s, Ethiopia’s crop agriculture was characterized by a prolonged period of
misguided policies that led to shrinking production, both in terms of cropped
area and input intensity (Benin and Nin-Pratt 2016). The sector transited
through a period of recovery and turnaround after major reforms follow-
ing the change of government in the 1990s. Subsequent policies have had sig-
nificant implications to growth in this sector. As such, the growth episodes
and sources of growth following these reforms can be characterized in three
periods (see also Mellor 2014): the period of “intensification of traditional
practices” immediately after the reform and early policy efforts to reduce pov-
erty; the period of “modern input expansion” following the agriculture-led
development strategy of the 1990s and subsequent major investment plans,
namely the Plan for Accelerated and Sustained Development to End Poverty
(PASDEP); and the most recent years of the Growth and Transformation
Plan (GTP) (Ethiopia, MoFED 2006, 2010). A centerpiece in the PASDEP
was intensification of smallholder agriculture through tailored interventions
to promoting technology packages of seed and fertilizers, supported by credit
and field-level extension system and a network of demonstration centers. The
GTP also deepened the focus on smallholder agriculture with, among oth-
ers, additional emphasis on commercialization of high-value crops, support to
smallholder irrigation, and better use of groundwater (more on this below).
The policy change in the early 1990s contributed to an impetus for recov-
ery and turnaround, which led to a realization of early high growth. In other
words, the peace dividend gave rise to deployment of more and better-quality
crop husbandry practices, as in the form of increased labor intensity in land
preparations, weeding, and harvesting. This was low-hanging fruit that led
to an early growth momentum in the late 1990s to early 2000s, attained
through intensification by using traditional labor-intensive practices using
family labor on small farms (Mellor 2014). This sustained later growth, which
was accompanied by strong public sector support of more than 10 percent of
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public spending toward agriculture, among the highest rates of spending on
the continent.

In 1995 an ambitious frontline extension system was launched focusing
on increasing cereal productivity through participatory demonstration and
training (Berhane et al. 2018). In the carly years the extension system, among
others, was tasked with the coordination and delivery of packages of mod-
ern technologies for smallholders, mainly improved seeds and fertilizers along
with financial services tied with these inputs.” The system also served as the
nearest government agency to smallholders, providing series of meetings,
motivational trainings, and on-farm demonstrations.

These efforts led to increased use of fertilizers, improved seeds, and pesti-
cides, and to husbandry intensification, which ultimately resulted in increases
in land use efficiency. Increased gains from land efficiency also meant that
farmers were incentivized to expand land, including to marginal grazing areas
that were not attractive before. A combination of these two factors—mainly
efficiency change due to intensification of traditional practices and expansion
of land under cultivation—contributed to productivity increases in the early
years (Bachewe et al. 2018). For example, Benin and Nin-Pratt (2016) decom-
pose TFP growth in Ethiopia for the period 1985-2012 (the closest period to
this discussion) and find that more than 90 percent of TFP in this period was
explained by efficiency change, suggesting that technical change contributed lit-
tle to agriculture growth during this period.

In the remainder of the chapter, we look in detail at a number of input fac-
tors deemed important for crop productivity growth. We discuss agricultural
extension and R&D spending, chemical fertilizers, improved seeds, agrochem-
icals, access to credit, irrigation, mechanization, and implementation capacity.

Agricultural Extension and R&D Spending

The productivity gains in the 1990s and the potential productivity gap moti-
vated further investment in agriculture in the early to mid-2000s. Two con-
secutive ambitious five-year plans—namely PASDEP I (2006-2010) and
PASDEP II (2011-2014)—were launched to, among other goals, sustain

and accelerate productivity growth in agriculture. Technology packages

were designed and introduced under the Participatory Demonstration and
Training Extension System (PADETES) and implemented through a national
agricultural intervention program. This has set forth the beginning of a large

9 Berhane etal. (2018) provide a detailed description of Ethiopia’s extension system and
its operations.
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extension system where frontline extension agents are deployed to every kebele
specializing in agronomic management practices.'” Extension agents follow

a “training and visit” type of extension approach, providing basic agronomic
support and information dissemination. This is backed by a team of “subject
matter specialists” stationed at the district level, tasked with providing techni-
cal support and supervision of the extension agents (for details, see Berhane et
al. 2018). The PASDEPs have focused on an ambitious increase of the exten-
sion agents, deploying 63,000 of them to reach millions of farmers through-
out the country. Figure 3.8 shows that both the number of smallholders
reached and the cultivated area that benefited from the extension system tri-
pled between 2004/2005 and 2015/2016. This system is hailed as one of the
largest and most extensive public extension systems in Africa, at least in terms
of extension agent-farmer ratio. In 2010 the extension agent-farmer ratio was
estimated at one agent per 476 farmers—equivalent to 21 extension agents per
10,000 farmers (Davis et al. 2010).

Comparable figures for Tanzania stood at 2,500 farmers per one agent—
that is, four agents per 10,000 farmers and 16 agents per 10,000 farmers in
China (Davis et al. 2010). By 2016/2017 this estimate for Ethiopia went up to
46 agents per 10,000 farmers. Official records indicate that in 2017 there were
around 72,000 extension agents deployed in the country, three to four agents
per kebele specializing in crop production, livestock, natural resource man-
agement, irrigation agriculture, and veterinary services. Moreover, the coun-
try had planned to establish about 15,000 farmer training centers (FTCs), one
per kebele, but in 2010 only about 30 percent were fully functional (Davis et
al. 2010).

While these are impressive achievements of the extension system, recent
studies (see Berhane et al. 2018) suggest that the system is weak in terms of the
technical and knowledge support it offers to farmers, partly due to the sheer
size it covers, making it difficult for frontline agents to reach farmers all over
the country, characterized by complex and diverse problems. Key issues in the
extension system are the lack of resources for extension agents, that they are
not sufficiently trained to provide the required technical support, and that
they are overburdened by nonagricultural activities limiting the amount of
time left for technical support (Berhane et al. 2018). An important factor is
also that the system is poorly linked with national agricultural research cen-
ters whose incentive structures remain misaligned to provide the required
knowledge solutions to farmers.

10 Kebele is the lowest administration unit, composed of a few villages in Ethiopia.
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FIGURE 3.8 Number of smallholders and cultivated area covered with extension package
and number of beneficiary farmers
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A recent study finds that access to the extension system significantly con-
tributed to the increased adoption of modern inputs such as chemical fertiliz-
ers and improved seeds through disseminating basic agronomic information
to farmers but even more so through persuading farmers to adopt technolo-
gies largely channeled through government parastatals (Berhane et al. 2018).
In other words, the impact on productivity has not been as expected mainly
because the extension system has largely focused on facilitating the distribu-
tion of modern inputs and less on disseminating new knowledge due to its
poor links with research centers. Thus extension has played an important
role in expanding fertilizers and improved seeds and basic agronomic knowl-
edge—hence it brought about some ¢fficiency change, but not to the extent of
bringing about technical change needed to move the frontier outward. Owing
to this, despite improvements, production systems remain predominantly tra-
ditional. A key reason is seemingly the poor feedback loop between extension
agents, farmers, and knowledge centers (Berhane et al. 2018)."

11 In other words, an extension system poorly linked with research centers means that the real
value of extension messages conveyed by agents to farmers got less nuanced and the “effect has
wore off” over time (Krishnan and Patnam 2014; Berhane et al. 2018).
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These findings appear consistent with the national productivity trends
presented earlier, suggesting that productivity growth rates are likely to slow
down if the system is not revamped to provide additional technological and
scientific support to help farmers advance their farming systems out of current
traditional practices.

Ethiopia has also invested a significant amount of resources on agricul-
tural R&D. With inflation-adjusted spending increase of 60 percent between
2011 and 2016, Ethiopia is among the top six SSAs that invested in R&D
(Beintema and Haregewoin 2018). The number of agricultural researchers
per 100,000 farmers has more than tripled between 2002 and 2014 (from 2.5
researchers per 100,000 farmers in 2002 to about 8 in 2014) and has seen one
of the fastest increases (13.5 percent per year) in SSA, although still from a
rather low-base as compared to other couturiers below the Sahara. Excluding
university research institutes, there are about 62 federal and regional agricul-
tural research centers, well spread across the various agroecologies in the coun-
try (Berhane et al. 2018)."”

An important constraint often cited is that national research centers are
underfunded, leaving them at a disadvantage internationally and, as a result,
vulnerable to high staff turnovers. Ethiopia’s investment on R&D as a share
of agricultural GDP has declined in recent years (mainly because the research
system has expanded without proportional change in R&D spending), mak-
ing it one of the bottom nine countries in SSA (Figure 3.9). In 2014, Ethiopia’s
spending on R&D was only 0.24 percent of agriculture GDP.

In addition, despite recent rapid growth rate, Ethiopia still has one of the
lowest number of researchers with PhDs in Africa south of the Sahara rela-
tive to its total number of researchers. Moreover, poor incentive systems, lack
of proper coordination between centers, and misalignments in the research-
extension-farmer feedback loops have rendered such investments ineffective
(Deneke and Gulti 2016; Kassa et al. 2016; Davis et al. 2010). These declines
in public spending in Ethiopia’s R&D are consistent with the general contrac-
tion of the share of agriculture expenditures to GDP in recent years but the
decline is more prevalent for agriculture (and water), which declined by about
6 percent between 2007/2008 and 2012/2013 (World Bank 2016). Some
see this decline as a slowdown of the focus on agriculture in recent years (for
example, see Laborde et al. 2018).

12 Indeed, some of the local research has helped generate improved local varieties, including on
crops that are unique to Ethiopia (teff) and that receive limited international funding resources
(Minten et al. 2013; Minten, Taffesse, and Brown 2018).
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FIGURE 3.9 Total agricultural R&D spending as a share of agriculture GDP (%)
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Chemical Fertilizers

More than 50 percent of agricultural productivity gains during the Green
Revolution in Asia was due to an increase in adoption rate of inorganic fer-
tilizer alone (Hopper 1993; Sheahan and Barrett 2014). In view of the same
objective, Ethiopia’s fertilizer imports and use have dramatically increased

in the past decade. Average annual fertilizer imports have jumped from

346 thousand metric tons in 2004/2005 to 778 thousand metric tons in
2012/2013—an increase by 124 percent; and fertilizer use by smallholders
has also increased by 144 percent over the same period (Bachewe et al. 2018).
Fertilizer use has increased for all crops despite variations in application rates
and proportion of area fertilized by crop types (for details, see Bachewe et al.
2018). However, consistent with the food security focus in production, most
fertilizer use has been on cereals.

According to CSA reports, 4.7 million holders (46 percent) growing cere-
als used fertilizer in 2004/2005, which grew (by 76 percent) to 10.1 million
holders in 2015/2016. Most of the chemical fertilizers are geared toward cere-
als. Cereal area applied with fertilizer—which nearly doubled during the
same period from 2.7 million hectares in 2004/2005 to 5.2 million hectares
in 2015/2016, or an increase from 36 percent to 53 percent of the total cereal
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areca—accounted for at least 91 percent of total fertilized area in all years
except in 2009/2010.

Figure 3.10 and Table 3A.1 present fertilizer intensity trends by fertilizer
types (urea, DAP, urea and DAP, NPS, and NPS and DAP) in quintals per
hectare of areas covered with these nutrient types for the period 2004/2005
through 2017/2018." Intensity of areas covered by all fertilizers has increased
from 64 kilograms per hectare in 2004/2005 to 148 kilograms per hectare in
2017/2018—an increase by about 131 percent. On those areas covered with
urea and DAP, it has increased by 51 percent from 134 kilograms per hectare
in 2004/2005 to 203 kilograms per hectare in 2017/2018. Intensity has also
increased for those using only DAP (by 62 percent) and for those using only
urea (by 34 percent) for the same period. Compared with the traditional urea
and DAP blends, the recently introduced blends of NPS as well as NPS and
DAP seem to enjoy higher use.

Despite the sharp increase in fertilizer imports and use, application rates
remain significantly below recommended rates (of above 200 kilograms of
fertilizer per hectare) with only 64 to 162 kilograms per hectare of fertilizer
applied on average. Using the Agricultural Growth Program (AGP) data,
Berhane and Assefa (2020) calculate that cereal fertilizer yield response in
Ethiopia appears to be relatively profitable when more fertilizer is applied (on
average, application of 300 kilograms of urea and DAP gives 2,100 kilograms
of maize, 1,800 kilograms of wheat, or 1,300 kilograms of teff) (Figure 3.11).
This is roughly above 4:1 ratio of additional grain per kilogram of fertilizer.
In the same period, Bachewe et al. (2018) using the same data, report that
the output-fertilizer (for the same five main cereals) ratios were twice as high
in 2012 than in 2014. This implies that cereal productivity can be further
enhanced by increasing fertilizer intensity to internationally comparable levels
of 250 kilograms per hectare to 300 kilograms per hectare and beyond.

Figure 3.12A and Figure 3.12B further provide comparative fertilizer
intensity figures per arable land available in each selected African and Asian

13 Note that figures reported based on CSA data are relatively higher than those from other
sources (see, for example, Figure 3.11) because CSA fertilizer use is over fertilized area while
those in Figure 3.11 are calculated for total arable land use in the country. The latter is only sug-
gestive as arable land can significantly vary by size of country. Fertilizer application rates per
hectares of applied land obtained from other household surveys (for example, AGP datasets) are
comparable to the CSA figures. The latter are in the order of 100 to 133 kilograms per hectare
(see Berhane, Bachewe, and Minten 2018).
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FIGURE 3.10 Fertilizer use trend in Ethiopia, 2004/2005-2017/2018 (quintals per hectare of
fertilized area)
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FIGURE 3.11 Trends in yield responses to levels of fertilizer intensity for selected crops in
Ethiopia
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FIGURE 3.12A Average fertilizer applied to arable land for selected Africa south of the
Sahara countries (kilograms per hectare)
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FIGURE 3.12B Average fertilizer applied to arable land for selected Asian countries
(kilograms per hectare)
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country respectively."* Compared with the selected SSA countries, Ethiopia’s
performance in applying fertilizer per arable land available is above the rest

of SSA countries, except for Malawi, partly because of its large fertilizer sub-
sidy program in recent years (Ricker-Gilbert, Jayne, and Chirwa 2011). This

is consistent with findings by Sheahan and Barrett (2014), who indicated that
Ethiopia’s average kilograms of fertilizer per hectare application rate is slightly
above SSA’s average. Ethiopia’s average application rate in 2014—at 26 kilo-
grams per hectare—was slightly higher than the Asian average of 24 kilo-
grams per hectare at the beginning of the Green Revolution in the 1970s but
much lower than that of China—at 40 kilograms per hectare—in that period.
Moreover, Ethiopia’s average application rate in 2014 is also slightly below
India’s (82 kilograms per hectare) and China’s (346 kilograms per hectare)
performance in 1995. In 2014, Ethiopia’s average fertilizer use per hectare of
arable land is sixfold lower than that of India and Thailand, eightfold lower
than Indonesia, and twenty-two-fold lower than that of China (Figure 3.12B).
This shows that Ethiopia still has way to go in fertilizer intensification com-
pared with Asia’s recent performance in this regard.

While fertilizer adoption improved significantly over the past decade,
there are seemingly a number of important constraints to adoption by
Ethiopian farmers: (1) lack of availability of a variety of nutrient blends suit-
able for all soil types given the diversity of soil types in Ethiopia is one impor-
tant constraint (for example, Croppenstedt, Demeke, and Meschi 2003;
IFDC 2015); (2) rainfall variability, localized droughts, and lack of moisture
remains another of the challenges facing fertilizer profitability and response
rates influencing farmers’ risk behavior in using fertilizers (for example, Alem
etal. 2010); (3) inefficient logistics, bureaucratic structures, and unpredictable
fertilizer-credit supply systems further constrain timely access to fertilizers

(Rashid et al. 2013).”

Improved Seed

Access to improved seed varieties is a key challenge of agricultural transforma-
tion in Africa, largely due to the complexities involved to develop the sector.

14 Note that figures reported in Figures 3.12A and 3.12B are kilograms per total hectares culti-
vated (and not comparable to those in Figure 3.10, which reports kilograms per fertilized hect-
ares). These figures need to be interpreted cautiously as fertilizer use per available cultivable
land (not all fertilized) is not an accurate measure of intensity because cultivable land varies by
size of country. Nevertheless, in the absence of other comparable accurate measures available,
these figures provide some insights into cross-country comparisons of fertilizer intensity.

15 See Rashid etal. (2013).
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A key challenge in Ethiopia’s seed sector is that it has remained predomi-
nantly public sector—dominated, restricting potential involvement by the
private sector (Alemu et al. 2007; Spielman et al. 2010; Alemu, Rashid, and
Tripp 2010). Nevertheless, Ethiopia has shown progress in this sector as well.
Over the decade discussed in this chapter, the number of improved seed vari-
eties released to farmers has increased rapidly due to significant public invest-
ments in local capabilities of research and seed multiplication structures.
Official data from the public seed enterprises and the Ministry of Agriculture
shows that certified seed production has jumped more than five-fold over the
past decade (ATA 2017a). Bachewe et al. (2018) indicate that release rates for
improved seed varieties have been particularly dynamic for wheat but lower
for other crops. In the past ten years about 50 varieties of wheat and at least
20 varieties of each for maize, barley, and teff have been released by Ethiopia’s
national agricultural research institutes (ATA 2017a).

Reliable national data on use of released varieties is scarce partly because
of the challenges to account for reused varieties in national surveys. Reported
adoption rates of improved seed varieties by farmers are low overall.'® Using
the CSA data, Table 3.4 reports total cultivated area and percentage of land
under purchased improved seeds. The proportion of farmers using purchased
improved seeds (and the area covered by improved seeds) has seen signifi-
cant improvements, with more than a doubling noted for teff, barley, wheat,
and maize over the past decade. Large increases in the proportion of farm-
ers adopting purchased improved seeds are noted particularly for maize pro-
ducers. This is consistent with the yield increases of all crops presented in
Figure 3.1, suggesting that some of the yield improvements, mainly maize (fol-
lowed by wheat) is also associated with the use of improved verities. Abate et
al. (2015) show that increased use of improved maize varieties has greatly con-
tributed to doubling of maize production in Ethiopia in the same period, and
they have pointed out that despite these changes, opportunities for further
maize yield growth still exist in Ethiopia.

The other increases are from a rather low base in 2004/2005 and remain
very low both in terms of area and the proportion of land covered by improved
seeds. Several factors contribute to this poor performance.

First, despite the large number of seed varieties released by the formal sec-
tor, only few of them are adopted and commercialized by seed enterprises and
hence many did not reach farmers. A key reason is that variety development

16 Recent studies using DNA fingerprinting to identify reuse rates suggest that reported use of
released varieties may underestimate actual improved seed use rates (Yirga et al. 2016).
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is not demand-driven, making it unsuitable to many agroecological contexts,
offering low value for money to farmers. Key structural bottlenecks are a low
level of national breeding research quality and poor alignment of research
incentives with the core transformation agenda. In other words, recent expan-
sion in the quantity of seeds supply has come at the expense of quality deteri-
oration. For instance, only two hybrid maize varieties released about 20 years
ago account for about 95 percent of all hybrid maize varieties adopted by
farmers (Ali, Deininger, and Harris 2019). Note, however, that recent evi-
dence from DNA fingerprinting suggests that most farmers do not reliably
identify the varieties they plant (see also footnote 16). Second, despite signifi-
cant recent public investments in plant breeding research and multiplication,
low level of coordination between research centers themselves and the exten-
sion system as well as poorly organized distribution mechanisms remain key
bottlenecks. More specifically, a centralized seed need assessment and supply
system executed by a lengthy bureaucratic system extending from the Ministry
of Agriculture to public seed enterprises and cooperatives renders the seed
sector value chain ineffective (ATA 2010, 2017b). Third, while many studies
indicate improved seeds are profitable when adopted with other complemen-
tarity technologies including fertilizers and irrigation (for example, Abay et al.
2018), such synergistic values are low in Ethiopia due to limited access to irri-
gation infrastructures and optimized fertilizer blends.

LAND TENURE
In Ethiopia land is state owned, and holders are given only usufruct rights,
including the right to rent and sharecrop it for a fixed number of years.
Subsequent policies introduced to discourage distress leasing of land and
associated transaction costs have further complicated land rental markets
(Deininger et al. 2008; Ghebru, Holden, and Tilahun 2019). In addition,
with increasing population pressure, the youth and vulnerable groups are
faced with increased constraints to access land (Headey, Dereje, and Taffesse
2014; Gebrehiwot and Holden 2019). Relaxing land rental market restric-
tions and delinking land user rights from land use would encourage farm-
ers with small plots, or those who do not have enough resources to operate
the land, or those who have skills and resources that could more efficiently
be applied in other sectors, to transfer their use rights to potential tenants
(Ghebru 2010; Holden, Otsuka, and Deininger 2013; Bezu and Holden
2014; Haddis 2013).

Moreover, formalizing land rights are often considered as avenues to
land tenure security and increases in land market participation (Holden,
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Deininger, and Ghebru 2007). A large-scale land certification program was
set up in the country in the 1990s to ensure more secure land property rights.
This land certification program has been one of the largest, cheapest, and
fastest in Africa (Deininger et al. 2008)—it is estimated that about half of
farmers in the main four regions benefited from this certification program
(Ghebru, Koru, and Taffesse 2016). While land remains the property of the
state, the certificates have ensured more secure property rights, since they
are found to encourage higher investments, more land rental market activ-
ity, higher productivity, and improved food security (Holden, Deininger,
and Ghebru 2007; Deininger, Ayalew, and Alemu 2011; Ghebru and Holden
2013; Melesse and Bulte 2015). As this land certification program in most
areas happened before the period under study here, it might not have directly
contributed to increased productivity in the past decade, but it seems that
these more secure property rights helped to provide the necessary required
conditions for the increase in agricultural productivity seen afterward.
However, a number of issues are still problematic for land tenure. For
example, while there are laws to help protect landowners, these laws are in
practice sometimes not effective as some of the landlords see rental mar-
kets are the most efficient way to use their land (Holden and Ghebru 2016).
Despite all these positive developments in the past two decades, going for-
ward, restrictions in land markets and poor land transactions remain key chal-
lenges of increasing agricultural productivity in Ethiopia.

Irrigation and Mechanization

Ethiopia’s crop agriculture remains predominantly rainfed. In the absence of
irrigation, given climate change and erratic rainfall, poor moisture conditions
together with degraded soils remain a binding constraint to increasing pro-
ductivity in Ethiopia. With frequent droughts in recent years, agriculture has
become increasingly risky, making increases in productivity difficult. Studies
indicate that irrigation can double average land productivity and at times pro-
vide 90 percent higher yields than comparable rainfed land (Fuglie 2008;
Fuglic and Rada 2013). Public investments in irrigation structures have played
pivotal roles in Asia’s Green Revolution, particularly in India (Evenson and
McKinsey 1999). Proclaimed as one of the water towers of Africa, Ethiopia

is known to have substantial irrigation water potentials from both river basin
runoffs (12 river basins with an annual runoff volume of 122 billion cubic
meters) and groundwater (an estimated 2.6 billion cubic meters to 6.5 billion
cubic meters), with 3.7 million hectares of developable land potential for irri-
gation (Awulachew et al. 2017).
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However, despite recent efforts on advancing small-scale irrigation devel-
opment, irrigation use remains low even for Africa south of the Sahara
(Sheahan and Barrett 2017). Table 3.5 provides total area and percentage
of land under irrigation using CSA’s annual agricultural household sample
survey. It indicates that land under irrigation (only 7eber season) for some
crops has slightly increased over the decade, but the total area under irriga-
tion has remained the same and is very low compared to other countries, for
example China (37 percent) and India (32 percent) in 1995 (Rosegrant and
Hazell 2000). Estimates based on CSA’s agricultural household survey during
the meher season shows land area under irrigation at 181,281 hectares in
2017/2018 (see Table 3.5). Unfortunately, CSA lacks good data on use of irri-
gation in the off-season, and these estimates also exclude the large-scale com-
mercial farms. The meher estimates are therefore underestimates of access
and use of irrigation. The government estimates that 2.8 million hectares are
irrigated (Ethiopia, NPC 2018). Recent irrigation area identification map-
ping exercises using satellite information systems with validations on ground
inventorying estimate irrigated area at 1.35 million hectares (7 percent of total
area)—lower but closer to the official figure but significantly higher than the
CSA estimate for the meber season (Kiran et al. 2018).

Ethiopia’s Growth and Transformation Plan II (GTP II) sets out ambi-
tious irrigation development plans for 2016/2017 and beyond: undertake
small-scale irrigation on 2.94 million hectares; undertake study and design
works on 142.8 thousand hectares; and carry out irrigation structures on
162.2 thousand hectares of land. Official reviews in the first year indicate
lower performance than expected due to capacity and budgetary constraints
(Ethiopia, NPC 2018). Anecdotal evidences also suggest that poor capabilities
in irrigation and water resource management remain hurdles to sustainability
of existing structures.

While use of mechanized farm tools can play critical transformative roles
through increasing land and labor productivity (Binswanger and Rosenzweig
1986), owing to these low levels of irrigation and overall traditional farm-
ing practices, use of mechanized farm equipment remains low and Ethiopia’s
agriculture relies still heavily on animal-traction and labor (Berhane et al.
2017). Berhane et al. (2017) indicate despite recent increases in imports of
agricultural machines, farm-level uptake of agricultural mechanization in
Ethiopia remains low: fewer than 1 percent of plots are plowed with a trac-
tor. They document, on the one hand, that the use of machines in agricul-
ture is likely to increase as costs of labor and animal traction are recently on
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the rise and that, on the other hand, increasingly fragmented plots and small
farm sizes, diversity of crops, difficult terrain, credit, and foreign exchange
constraints prevent modernization via agricultural mechanization. As such, it
seems that important synergistic complementarities between use of modern
farm tools and irrigation observed in Asia’s Green Revolution and elsewhere
are yet to be exploited to sustain recent increases in agricultural productivity
in Echiopia.

Credit

Lack of adequate access to credit and other financial services is often con-
sidered as one of the limiting factors to increase productivity in agricul-

ture. Following the worldwide movement on rural financial markets and the
desire to increase agriculture productivity in the past decade, Ethiopia’s rural
credit market development has received significant attention over the past
two decades.

Several government-affiliated and semiprivate microfinance institutions as
well as member-based financial cooperatives have flourished throughout the
rural areas of Ethiopia in recent years, mobilizing an unprecedented amount
of savings and loans, serving (but not limited to) millions of Ethiopian rural
households (Berhane and Abay 2019). While rigorous studies on impacts
of credit on productivity in Ethiopia are limited, the evidence suggests that
eliminating access to credit constraints could increase productivity by about
11 percent (Ali and Deininger 2014) and reduce poverty (Berhane and
Gardebrock 2011). However, Berhane and Abay (2019) indicate that despite
the enormous expansion in rural financial services, mainly credit, a vast
majority of rural households remain underserved, with only 6-10 percent
of households participating in credit uptake in 2013 and 2016 (Berhane and
Abay 2019).

A critical question for policymakers is therefore given the rapid expan-
sion of financial service providers—mainly loans—to rural areas, why the
majority of rural households restrain themselves from taking up these loans.
An important point to note here is despite the impressive progress in credit
supply, access to credit in Ethiopia is often seen as an intermediate input to
other input supply. As a result, rural credit services in Ethiopia are tied up
with input supply services, restricting the flexible use of credit to mitigate
household liquidity constraints. Berhane and Abay (2019) also point to sev-
eral demand and supply side bottlenecks preventing households from access-
ing these loans, including inflexible and the one-size-fits-all nature of credit
product designs (for example, the group-lending approach commonly used in
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Ethiopia is not favored by many households given agriculture risk is covariant
among group members), high transaction costs of loan processing, inflexible
loan size and terms, as well as remoteness. A case in point is that most rural
microfinance institutions do not have a mechanism to accommodate emerg-
ing “model” farmers that demand increasingly larger loans, which cannot be
obtained from formal banks because they lack urban-based collateral formal
banks require. This group of farmers simply falls into the “missing middle”
in rural credit markets and remains underserved (Berhane and Abay 2019).
Clearly, these bottlenecks contribute to the challenges of sustaining recent
gains in productivity increases and need to be addressed structurally.

Conclusion

Ethiopia has made sustained investments in crop agriculture for more than a
decade and consistently achieved impressive productivity gains, albeit from a
low base. Guided by a strong political will, supported by development part-
ners, to invest in agriculture, Ethiopia has surpassed the 6 percent agricul-
tural growth target set by the CAADP for more than a decade. Between
2004/2005 and 2016/2017, aggregate smallholder crop output has more than
doubled, largely attributable to cultivated area expansion and yield growth. In
the same period, land under smallholder cultivation has expanded by about
27 percent, 90 percent of which was used for cereals (but later declined and
leveled off), and cereal yield has increased significantly, by about 5 percent a
year. It is important to note that the analysis focuses on smallholders and does
not include recent commercial farm expansion to the lowlands, where pro-
ductivity levels are not particularly higher than that of smallholders (see Ali,
Deininger, and Harris 2019). Despite the high growth rates, compared with
other contexts where agricultural transformation has taken root, Ethiopia’s
yield levels are still rather low and showing signs of slowing down recently.

A key question is whether Ethiopia can sustain growth rates in yield lev-
els and overall productivity to achieve transformation in the face of declining
additional cultivable land and recent slowing down yield levels. This chapter
has explored the patterns of crop production and assessed the sources of pro-
ductivity growth so far and what the implications are for future growth. In
doing so, the important roles played by critical investments made in the sec-
tor and associated structural bottlenecks for future growth are discussed.

We present the key findings from the analyses to understand what explains
recent output growth and then discuss what needs to be done to sustain
future growth.
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Decades of sustained increase in total factor productivity (TFP)—a
key measure of long-term agricultural productivity growth—is required to
achieve agriculture transformation. How has Ethiopia’s TFP fared in the past
decade? A stylized growth accounting decomposition of crop output into fac-
tors that contribute to its growth in the past decade shows expansion in cul-
tivated land and labor have, respectively, accounted for about 13 percent and
30 percent of Ethiopia’s observed crop output growth. Expansion in use of
chemical fertilizers, improved seeds, and extension were also important con-
tributors. Moreover, TFP growth has contributed to about 18 percent of out-
put growth in the same decade, suggesting efficiency gains of investments in
the production process. However, TFP growth has declined in most recent
years (from 38 percent in the beginning of the period to 16 percent in the end
of the period), contributing to the recent slowdown in yield growth (Bachewe
etal. 2018). Important to note is that the decline in TFP growth rate has con-
tinued despite the continued investments on traditionally TFP increasing
nonconventional inputs such as extension and chemical fertilizers. The contri-
butions of land and labor inputs have also remained roughly the same, suggest-
ing additional gains in and keeping up with sustained productivity is likely to
be increasingly difficult with the status quo. Accelerating TFP growth is a sus-
tainable way of offsetting declining productivity growth due to decelerating
input growth, mainly land in the case of Ethiopia (Fuglic 2008).

Although further studies are warranted to understand the sources of
growth in view of the recent slowdown in the contributions of TFP and other
inputs to agriculture growth, the evidence so far points to the following rea-
sons. First, despite its remarkable success stories in promoting modern tech-
nologies and linking farmers to input markets, recent studies emphasize
Ethiopia’s extension system is overburdened and poorly equipped with the
knowledge and skill sets needed to help bring about changes in the produc-
tion system. Moreover, the system is weakly linked with knowledge centers
with poor forward and backward feedback looping between extension agents,
farmers, and researchers. The implication is that once the low-hanging fruits
in productivity increases through the basic support provided by the exten-
sion system are exhausted, achieving additional productivity (TFP) gains
would require revising the system to provide much needed technical skills by
synching itself with knowledge centers and farmers. A declining yield growth
following a similarly (but faster) declining area expansion (see Figure 3.2)
also suggests investments in the existing extension system is unlikely to sus-
tain yield growth. Improving this system may require additional investments
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on agricultural R&D and realignment of institutional structures to sus-
tain growth.

Second, despite recent efforts (see, for example, ATA 2017a), critical bottle-
necks to sustain productivity increases remain, including inefficient fertilizer
markets and logistics and lack of appropriate fertilizer-nutrient blends suit-
able to each soil type (Zelleke et al. 2010; Rashid et al. 2013; Agbahey, Grethe,
and Negatu 2015) on the one hand and poorly organized and inefficient seed
markets, poor and supply-driven breeding research, and mismatches between
seed multiplication and seed research and farmers on the other (for example,
Spielman, Kelemework, and Alemu 2012; Alemu, Rashid, and Tripp 2019).”

Third, although significant capital investments have been made on
roads and other physical infrastructures in recent years, poorly developed
value chains and market infrastructures, weak integration of farmers with
central markets, poor and inflexible credit markets prevent farmers from
realizing the full productivity potential though changing their farm produc-
tion organizations.

Fourth, irrigation is one of the weakest links in Ethiopia’s agricultural pro-
duction system. Given increasingly poorer moisture conditions in most parts
of the country, water becomes a key hurdle in increasing productivity. Despite
recent efforts to expand irrigation capabilities and structures, the progress in
this front has remained unsatisfactory. Mechanization and use of labor-saving
technologies can also add value through increasing land and labor productiv-
ity. However, the sector has several structural challenges (including lack of
foreign exchange to import machines, topographical challenges, fragmented
plots, lack of enough economies of scale, weak incentives to attract the private
sector, and so on) that call for serious attention by different players, including
the government.

These key factors have contributed to the general slowdown of TFP in
agriculture, seemingly requiring a broad-based investment strategy, given
Ethiopia’s large and complex farm sector, to address that declining contribu-
tion to growth.

17 In 2012, Ethiopia’s Agricultural Transformation Agency (ATA) launched a first of its kind ini-
tiative on Ethiopia Soil Information System (EthioSIS) that uses extensive soil sampling based
on which location-specific fertilizers are recommended. Other similar efforts—including pro-
vision of input supply through agrodealers and video-based extension systems—are also being
piloted. However, rigorous studies assessing the effectiveness of these experimentations are not
yet available, and it is too early to include them in this analysis. See ATA 2019.
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TABLE 3A.2 Trends in relative contributions of factors and TFP as percentage of crop output
growth, 2005/2006—2015/2016 (millions of birr)

Improved
Season Labor Land Fertilizer seeds  Pesticides Irrigation Extension Others ATFP
2005/2006 195 83 3.1 2.6 0.8 0.9 0.0 37 610
2006/2007 16.7 13.8 4.2 35 1.1 1.3 0.0 51 544
2007/2008 311 149 57 4.8 0.5 1.8 37 55 321
2008/2009 383 183 7.0 15.4 0.6 2.2 4.5 7.6 6.1
2009/2010 414 136 0.3 315 1.1 1.6 33 6.7 0.5
2010/2011 350 120 1541 24.9 0.9 1.1 2.8 88 -06
2011/2012 349 201 186 20.4 0.3 24 22.6 9.8 -29.0
2012/2013 213 92 112 12.3 36 -3.2 13.6 39 281
2013/2014 272 93 138 15.2 1.7 5.0 16.4 5.5 5.9
2014/2015 141 76 149 13.9 1.5 3.8 4.6 08 389
2015/2016 485 169 307 -13.1 34 1.4 96 1.2 3.8
Average (%) 29.8 131 113 11.9 1.4 1.7 74 51 183

Source: Authors’ computations (see also Bachewe et al. 2018).
Note: Decomposition uses factor shares in 2009/2010 Ethiopia SAM (EDRI 2009). Real values of crop output reported.
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