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VARIABILITY IN GRAIN YIELDS

BY JOCK R. ANDERSON AND PETER B. R. HAZELL

Many countries have achieved impras-
sive rates of growth in national food-
grain production in recent years. Much
of this growth can be attributed to new
technologies, especially improved va-
risties, and the increased use of irriga-
tion and ferilizers. As agricultural out-
put has grown, however, so often has
variability in yields from year to year.
This presents potential problems and
concarns that need to be addrassed by
tha agricultural research and policy-
making community. Prominent among

The level of variability . . . is
greatest in semiarid areas
and lowest in humid areas.

these concerns are perceplions of in-
creased risk, which may make new
technologies less attractive to farmers
and hence slow agricultural develop-
ment, and increased instability in na-
tional and world food supplies, which
may act to deslabilize domeslic prices,
national income, and the food con-
sumption of the poor, especially in poor
agrarian countrias.

Variabifity in Grain Yields: Implica-
tions for Agricultural Research and Fol-
icy in Developing Countries, edited by
Jock A. Anderson and Peter B. R. Hazell
(Baltimore, Md.: Johns Hopkins Univer-
sity Press for the International Food Pol-
icy Research Institute, 1989), reviews
available evidence on patterns of var-
iability in cereal production and how
these patterns have changed in recent
years. The biclogical, climatic, and eco-
nemic factors underlying yield varia-
bility and its changes are discussed,

and implications are sought for both ag-
ricultural research and policy.

At the global level, production var-
iability around the growth trend in-
creased between the 19605 and 1970s
in both absolute and relative terms. The
associated probability of a major short-
fall below the trend in world cersal pro-
duction has also increased. These
changes have presented challenges for
farmers, consumers, and policymakers,
but they are not statistically significant.
This suggests that the past decade has
provided an example of unfortunate
chance rather than a forecast that fun-
damental structural changes in produc-
tion will cause equal or increasing insta-
bility at the global level in future years.
Aggregate stalistical tests, however, do
not capture the effects of individual
changes thal are known to have taken
place (for example, the “green revolu-
tion" and increased imigation). Many in-
dividual factors are at work, some of
which have a stabilizing effect at the
aggregate level, while others are de-
stabilizing. The degree of fulure varia-
bility will depend on the particular con-
figuration of further changes in cereal
production, the combined effects of
these changes, and the cutcome of the
many relevant random variables. The
need to understand the structural fac-
tors underlying production varability is
therefore apparant.

PATTERNS OF
YIELD VARIABILITY

Statistical analysis shows that baseline
praduction variability is due primarily to
yield variability. The increase in the var-
iability of world cereal production since
the 1960s (contrasting the periods be-
fore and after 1971) is also predom-

inantly due to increases in year-to-year
variations in yields of individual cereals
along with increasingly correlated pat-
terns of yield variation among different
careals. This book focuses on yield var-
iability because it is the major variable
of interest in comprehending produc-
tion variability. It is also a simplifying
focus, enabling abstraction from the
complexities of variability of areas sown
or harvested, which encompass a much
wider range of economic and policy
considerations.

Baseline yield wvariability is high in
many countries, especially in Africa, the
Middle East, and Australia. The level of
variability is cleardy related to climatic
factors; it is greatest in semiarid areas
and lowest in humid areas. Southeast
Asia has especially low relative varia-
bility, but North and South America and
Europe are also relativaly stable. The
high variability areas also tend to have
low average yields and have done least
well in increasing yields in recent timas,

... long-term climatic
changes associated with
rising atmospheric carbon
dioxide levels are likely to
have important implications
for cereal production
variability.

There hawve been considerable dif-
farences among the changes in vari-
ability of individual cereal yields at the
global level. Relative variability of yield
has decreased for rice and millat,
changed litlle for wheat, and increased
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. . . past experience with
crop insurance is not
encouraging, and the
costs . . . have usually far
exceeded the benefits.

by such means as improved cultural
practices and plant breeding. Reducing
variability will be worthwhile only if it can
be achieved more economically than
can ways of coping with i,

In principle, crop insurance is one
attractive way of helping farmers cope
with yield risks, especially where the risk
of catastrophic losses Is high. Unfor-
tunately, past experience with crop in-
surance is not encouraging, and the
costs of publicly provided insurance
have usually far exceeded the benafits.
Mor should the efficiency with which
farmers and traditional village institu-
tions cope with risks be neglected. Crop
insurance might socmelimes simply pro-
vide a more costly substitute for existing
private risk-sharing arrangements. Im-
provement of financial instilutions might
be a viable approach, particularly if
these involve an expansion of medium-
term consumer credit so that farmers
can more readily borrow money in bad
years and pay it back in good years.

Effective marketing systems for farm
inputs and outputs must be seen as a
necessary condition for improving the
opportunities of rainfed farmers to man-
age their risks. Just as for financial in-
stitutions, marketing systems by their
very nature are generally expected to
work best with only carefully chosen
and restrained interventions.

At the national level, increased var-
iability in prices and food consumption
can be contained through buffer stock
schemes. However, in most cases, il is
more cost-effective for governments to
use world markets to stabilize domes-
tic consumption, somelimes using the
International Monetary Fund's food
facility as a source of funding for food
imports when appropriate. Interventions
can also be targeted on specific socio-
economic groups, such as food sub-
sidies for the poor, or on relief employ-
ment and food-for-work schemes.

In terms of reducing risks on farms,
the major disadvantage of commodity
prica stabilization is that farmers are not
s0 much concemed with price varia-
bility as with income variability. Stabiliz-
ing pricas may even lead to increased
income variability. This possibility is
likely if price and yield are negativaly
correlated, or if farmers grow several

crops whose returns, though individual-
ly unstable, are collectively relatively
stable. There may also be siluations
where price risk is not particularly im-
portant. Further, government interven-
tion to reduce price risk will be more
difficult to sustain the larger the coun-
try’s share of the commuodity in the
world market, the more important the
commodity in the economy, the longer
the period of production, and the mora
porous the national border.

The quality of decisionmaking in
highly variable and risky environments
depends crucially on the information
available to decisionmakers. In the
world food systerns that are influenced
by variable yields of cereals, decision-
makers are involved at many levels
ranging from individual farms through
local markeling agents and food secur-
ity administratars, regional and national
authorities concerned with inputl and
output delivery systems, and food
policy authorities to international coun-
tarpart agents. Betler information is re-
quired at all these leveals.

The variability of natural and eco-

. . plant breeders could . . .
reduce yield variability, but
only by sacrificing perhaps
sizable increases in average
yields.

nomic environments explains much of
existing public investment in informa-
tion-gathering and -processing sys-
tems. If factors such as weather, pro-
duction, and prices were not variable,
and thus were easily known by all con-
cerned, there would be little need for
national metecrological servicas, na-
tional statistical services, and interpre-
tative research agencies (for example,
economic forecasting agencies). As
well as describing variable environ-
ments in perceplive ways that add to
the stock of knowledge, these institu-
tions can further assist decisionmakers
by attempting to forecast such uncer-
tainfies as droughts, frosts, pest and
disease attacks, crop marketing vol-
umes, trade volumes, flows of food aid,
and prices. The difficulty of such work
and its inherent inaccuracy do not mean
that it may not be extremely valuable.
An important policy issue is the ex-
tent 1o which existing investment, both
public and private, in the provision of
information is at about the right level.
The public-good nature of much of the

relevant information ensures that pri-
vate investmeant will be much less than
is socially optimal. There iz, however, a
dearth qf research on how adequate the
public initiatives have been. But it
seems clear that most developing
g;:::urﬂries are still severaly underinvest-
ing.

Altempls to draw definitive conclu-
sions about the cost-effectiveness of
different approaches in reducing or
coping with yield variability are doomed
to flounder until more quantitative infor-
mation is available about the costs and
benefils of each approach. For exam-
ple, plant breeders could, by giving
more emphasis o stabilily, reduce yield
variability, but only by sacrificing per-
haps sizable increases in average
yields. Such sacrifices could prove
costly to sociely, and a full social
benefit-cost analysis might show alter-
ndtive approaches to be belter. It
seems likely that more careful manage-
ment of inputs and improved agronomic
practices may be a relatively more cost-
effective way of reducing yield variabil-
ity at the farm level than plant breeding.

Perhaps relatively more is known
about the costs and benafits of public
policies for coping with variability, es-
pecially crop insurance, price stabiliza-
tion, food subsidies, and food -for-wark
programs. Experience shows that these
can all be vary axpensive unless care-
fully targeted on the households most
advarsely affected by production var-
iability. It is also well established that,
for most countries, international trade is
an efficient way of reducing variabilily in
prices and food supplies at the national
level. This volume is intended to stimu-
late the kind of carefully focused re-
saarch on yield variability that is needed
to provide better recommendations fo
agricultural policymakers.

Contributors o the book are Jock R Andar-
son, Michas! H. Amold, Roger B. Austin, Ran-
dofph Baker, Wshva Bindlizsh, H. J Bravn,
Joachim von Braun, Gerald A Carlson, LUjf-
jayant N. Chakravorly, W Ronnie Coffiman,
J. Crossa, Donald N. Duvick, Carly J. Findlay,
G. Fischbeck, John C. Flinn, James B.
French, Dennis P. Gamily, H. Hanus, T. R
Hargrove, Peter 8. R Hazell, J. C. Headlgy,
V A Johnson, Timothy D. Mount, Robart F.
Mumm, Hung Nguyen, Sushil Pandey,
C. James Peterson, W H. Pfeiffer, H. N. Pham,
Mark W. Rosagran!, James A Roumassel,
David E Sahn, J. W Schmidgl, P Schoop.
Bruce Stone, John R Tamrant, S8 R Wad-
dingfon, Thomas 5. Walker, G. H. Wan, Paul
Webster, Nigel T. Willams, John R Wicombe,
and Tong Zhong.



CONSEQUENCES
OF INCREASED
YIELD VARIABILITY

Increased yield risks associated with
improved varieties or new tachnologies
may hinder their widespread adoption
by farmers, thereby limiting growth in
national food supplies. There is ample
empirical evidence to show that most
farmers act in risk-averse ways when
making resource-allocation decisions
that affect their income. However,
studies of the relationship between
yield risks and adoplion of specific vari-
efies or technologies show mixed re-
sults, probably because of the diffarant
lypes of technologies and farming sys-
lems studied {for example, irigated ver-
sus rainfed agriculture). Since it is the
stability of income (and family con-
sumption) that concerns farmers maost,
increased yield risks should be a prob-
lem only if they lead to greater instability
inincome.

Yield risks are only some of many
risks that affect a farmer's income, and
some risks may act to offset each other.
Within a crop, higher yield risks may be
partly offset by negatively correlated
fluetuations in prices, and the return
from the crop may be much more
stable than the variability of prices and
yields considered separately would
suggest. When more than one crop is
grown, there is also scope for low or
even negative correlations betwean the
returns of the different crops, with a re-
sultant stabilizing effect on aggregate
income. Surprising efficiencias in re-
ducing income risks have bean
achieved by small-scale farmers—for
example, in dryland India—through a
variaty of cultural practices (such as in-
tercropping, spatial diversification, and
staggered planting dates), off-farm
amployment, use of credit, and partic-
ipation in land-leasing arrangements
that effectively share some of the yield
risks with landiords,

High production years for major ce-
reals should be good for poor consum-
ers. They should benefit from more
plentiful food supplies, from lowear
prices, and from increased agricultural
employment, The opposite might be ex-
pected in low production years. How-
ever, since consumers typically pur-
chase a number of different food crops,
shortages or high prices for one crop
may be offset simply by substituting
other foods whose supplies are more
plentiful or whose prices are lower.

Aggregate production variability
does not necessarily translate into na-
tional food-security problems. Many

governments do seem 1o take effective
action through storage and trade paol-
icies to dampen fluctuations in domes-
tic consumption, and consumers sub-
stitute betwean foods in response to
their relative scarcities. However, in
sevaral smaller semiarid countries of
Africa, extended droughts, in conjunc-
tion with inadequate famine-policy re-
sponse, can have devastating effects
on food consumption. Even in countries
where aggregate food consumption is
relatively stable, the consumption of
some of the poorer households can still
be at risk, parlicularly when their in-
comes are tied to agriculiural produc-
tion. Food-securily problems therefore
continue in many developing countries,
even where the variability of aggregate
production has not increased.

IMPLICATIONS FOR
AGRICULTURAL
RESEARCH

Plant breedars have long recognized
the importance of selecling "stable” va-
rieties. They have achieved—especially
for wheat and rice—significant gains in
adaptability, hardiness to extreme con-
ditions, and reduced vulnerability to
pests and diseases. But the gains in
stability components may be compro-
mised by selection for responsivenaess.

Recent and contemporary plant
breeding does not seem to explicitly ad-
dress the yield correlation “problem”
and may, in fact, be increasing correla-
tions by more or less routinely screen-
ing for varieties that perform well in
many locations at the same time. More
localized breeding endeavars, with
more of the selection effort based on
performance under more specific agra-
ecological conditions, might help to re-
duce interregional correlations while im-
proving performance in farmers’ fields.

Since several wheat and rice vari-
alies are grown on more than 10 million
hectares each, any widespread failure
would increase the correlalion between
thair yield variations, as could their
similar response to weather conditions
common to a large region. The likefi-
hood of such a situation will decline if
plant breeding—whether public, pri-
vate, or in the international research
centers—evolves toward greater em-
phasis on regional and local adaptation,

Inputs are as significant as variety to
cereal production and stability, yet they
often receive far less research attention.
In general, there may be considerable
scope for the reduction of variability by
mora flexible, better informed, and

more diversified and specific use of in-
puts. Farmers may have real informa-
tional problems when adjusting to new
input-responsive crops or varieties.
Their previously accumulated knowl-
edge about yield responses to different
management practices suddenly be-
comas redundant and new knowledge
has to be acquired, especially aboul
appropriate inpul strategies in the avent
of drought or pest attacks. This informa-
fion needs to be made available on a
timely basis through the agricultural re-
search and extension systems.

IMPLICATIONS FOR
AGRICULTURAL
POLICY

The difficulties rural socleties face in
contending with variability of production
of their basic staples are probably in-
creasing in many parts of the world if—
as is shown in this book for several re-
gions—variability and riskiness of pra-
ductivity are increasing, and with rapid
population growth, greater numbers of
people are affected. However, this ten-
dency is mora than compensated for in
many parts by the moderating influen-
ces of belter transport and trading sys-
tems and by the improved policies and
responses that these have made pos-
sible.

Arother danger is that government
policies may cause or exacerbate poor
decisionmaking on both investmentand
resource allocation in areas that are suf-
fering long-term climatic or ecological
problems. Intervention should be
couched so as not to shield individual
decisionmakers from reality, including
whatever processes of change in the
natural, economic, or social environ-
ment may be under way. Related to the
possibility of interventions discouraging
appropriate learning is the exacerbation
of uncertainty faced by farmers. Policy-
induced risks may add to the decision-
making burden of affected individuals—
even when policies have the stated ob-
jective of mitigating risks.

A fundamental issue facing decision-
makers is the cost-effectiveness of
coping with or reducing variabllity. The
ways of coping are diverse—from stor-
age of, trade in, and stabilization
schemes for the commaodities to insur-
ance, credit, and compensatory finance
arrangements. These are not costless,
yet neither ara the other major alterna-
tives to coping—reducing variability
through (1) diversification, (2) infra-
structure improvements, including irri-
gation, and (3) more stable productivity



for maize, barley, and sorghum. These
dilferences reflect the various condi-
tions under which the crops ara grown.
Because so much rice is grown inten-
sivaly with irrigation or good water con-
trol, that crop has soma of the lowest
yield variabilities over ime. Analogous-
ly, an increasing proportion of the
world's wheat crop is grown under ir-
rigation and with high levels of pur-
chased inpuls. Al tha other end of the
scale is millel, typically grown under
marginal conditions of low and varable
rainfall. There is a tendancy in many arid
regions for maize o dinglace sarghum,
and for sorghum to displace millet in the
least favorable environmenis—in both
casas incraasing the yield risk.

SOURCES OF
YIELD VARIABILITY

Yield variability is determined by variety
(genotype), variability and level of in-
puls (such as fertilizers, irigation, and
peslicides), and variabilily in pests and
diseases and in climalic factors (such
as ralnfall, frosts, and temperature). In-
teractions between these lactors are im-
portant although difficult 1o analyze, es-
pacially belwean variely and other fac-
tors.

Under controlled (especially in field
trial) conditlons, modarn vareties typi-
cally have higher mean yields and abso-
lute variability than unimproved varie-
tias, bul their relative variability is either
lower or aboul the same. Similar results
seem to hold in farmer-managed trials.
Internationally developed varieties of
wheal and maize also seem 1o be more
stable than locally developed allema-
tivas under exparimental conditions
when thelt performance across con-
trasting sites (environmenis) is com-
pared. These favorable resulls reflec
the ability of plant breeders to select
varieties that combine high yield perfor-
mance with stabllity.

However, stability of modern va-
rieties Ie nol always reflecled in farm,
reglonal, or nallonal yield data. There
are a number of reasons for this. First,
some of the early modern varslies as-
sociated wilth the international agricul-
tural research centers proved to be sus-
ceptible 1o parficular pests and dis-
egases. Because ol their high yields,
thesa varieties wara widaly adopled ina
very shori lime and, when pest and dis-
ease outbreaks occurred, had a sizable
negativa effect on farm and aggregale
yialds. This problem has been con-
tainad in recent yoars by the avallability
of a wider range of modern varieties,
many of which have grealer resistance

to pesis and diseases, Conlinuing
slrong emphasis is given to *mainte-
nance” rasearch, whereby replacement
varielies are developed and kept in
reserve, Pesl- and disease-resistance

Conflicting forces may be at
work in the changes in yield
variabllity . . . as agriculture
becomes more intensive.

breeding now provides a turnover of va-
rieties in time thal has effectively sub-
stituted for tha large numbaer of tradition-
al varielies used at any one fime, and
this process seams bound to accelerale
with the adven! ol new procedures in
biotechnalogy.

Another reason why observed yield
varabilily may Increase with the intro-
duction ol modern varieties lies in their
greater responsivenass to modern in-
puls. Some modem varigties seem (o
perform aboul as well as traditional va-
rietles in poorer anvironments or under
low input conditions, bul their ylelds ara
much higher undar favorable conditions
and with greater application of inputs.
Consequently, If farmers adjust input
usa from year 1o year in response to
changes in prices or limited supplies of
inpuls, this may induce more yield var-
tabllity In modern varieties. Such behay-
iorally induced yheld variability may have
become an important lactor, particularly
in developing counltries. The problem
may also have been aggravated by the
sharp incréases in the cosl of ferilizers
and other agrochemicals that accom-
panied the oll crises of the 1970s, and
by an increasa in the varability of cereal
prices in world markels,

A further reason why aggregale
yields may have become mora variable
with the Introdugction of modern varieties
Is the increased correlations among
vields batween farms and between re-
glons. This again may be due fo varia-
tians in Inpul use, since farmers in the
same or adjacen! regions are likely to
face the same prices and input shor-
ages and therefore make similar ad-
justments in their usae of inputs, The in-
creased correlations may also be re-
lated to variatal choice. By screening for
varieties that perlorm well in many loca-
tions at the same time. breeders may
inadverently be increasing the chances
of greater yield corralation batween lo-
cations, and hence betwsen farms and
regions, This nead noi be a problem for

individual farmers, but it can add to the
variability ol national yields.

The widespread adoption of a few
variaties may also lead lo increased
correlations through a common sus-
cepfibility 1o pests and diseases, and a
common responsiveness io weather
conditions. This problem may have
been aggravaled by a shift loward more
homoganeous cullural practices and by
an increased dependence on pur-
chased inpuls.

Variabilily in weather is a major
source of yield varlabllity, especially for
the cereals grown in mora arid areas
There s na Indication, however, that re-
canl changes in yield variabllily can be
ascribed to climatic change. If anything,
weather in some areas may have be-
come less variable. For the fulure, long-
term climatic changes associated with
rising atmospheric carbon dioxide lev-
als are likely 1o hava Imporant implica-
tions for cereal production varability.

Conllicting lorces may be al work in
the changes in yield variability under
tarm condilions as agricullure becomes
mora intensiva, On the ona hand, var-
iability tends 1o lall as control of the
crop-growing environment becomes
more complela, as in the case of wheat
in Western Europe. On the other hand,
salaction for higher yield potential is de-
pendant on enhanced Inpuls lor the
crop and, when these are unreliable, the
higher-yielding varleties may be vulner-
able lo greater varlation. For example,
as tubewell irgation for wheat in the
Punjab bacame more widespread, vari-
ability lell, whila in the Philippines, the
limited, uneven, and unrellable irrigation

increased yield risks
associated with improved
varieties or new tech-
nologies may hinder their
widespread adoption by
farmers....

of dry-season rice increased varlability
{wel-season rice crops were less vari-
abla).

In genaral, there may be consider-
able scope for the reduction of varia-
bifity by more flexible, belter informed,
and more diversified and specific use of
inputs. This will nol, however, always be
consistent with reducing interregional
yiold correlations. For example, imiga-
tion thal is siabilizing al the local lavel
may increase correlations, thereby
having a mixed effect on variability at
aggregale levels,



