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Executive Summary

For many developing countries, the diffusion of improved technologies for the
production of staple food grains has been the most important factor influencing
agricultural development over the past few decades. It is by now generally
accepted that in most developing countries these technologies have tended to
raise the incomes of adopting farmers, either in absolute terms or relative to
what their incomes would have been in the absence of technological progress.
More controversial is the question of how the inhabitants of areas in which
adoption of improved technologies has been slow (or non-existent) have fared.

This question is of considerable interest to international agricultural research
centers such as CIMMYT for two important reasons. First, the bulk of im
proved germplasm has been best suited to favored production environments,
particularly irrigated areas with minimal abiotic stresses; more marginal
production environments, such as drier rainfed areas, have not achieved the
same level of productivity gain. Second, it is commonly believed that the in
habitants of marginal production environments tend to be poorer and hence
more in need of additional income. If this is true, then interregional differences
in the rate of productivity increase may have had an anti-poor bias by widening
the gap between incomes of the inhabitants of favored and marginal areas.

This study investigates the impact on interregional income distribution of the
diffusion of improved technologies for wheat production in Pakistan. It gener
ates information on how the differential diffusion of these technologies affects
various segments of that country's population. To do this, an analytical frame
work is developed that looks beyond initial, direct effects on adopting house
holds to consider the transmission of benefits (or costs) from the areas for
which such technologies are targeted to the rest of the economy. The analysis
focuses mainly on commodity markets and labor markets, as they are the
primary avenues through which these indirect effects are transmitted.

Pakistan was selected for this study for three reasons. First, Pakistan was the
site of some of the most dramatic increases in wheat productivity associated
with the Green Revolution of the 1960s and 1970s. Since high-yielding semi
dwarf wheat varieties (or modem varieties, MVs) were introduced in 1966,
wheat yield increases have averaged 3.0% per year, and national wheat output
has more than doubled. Second, wheat is the most important agricultural com
modity produced in Pakistan (in terms of total value added). It is produced by
virtually all Pakistani farmers, and is the dominant staple food consumed in
most parts of the country. Third, Pakistan is a country marked by distinct
production environments differentially suited to the diffusion of improved
wheat technologies. The wheat varieties initially released were primarily
adapted to the irrigated areas of the Indus River Basin, and the rapid adoption
and striking yield increases characterizing the Green Revolution were largely
confined to those areas. Subsequently, improved varieties better suited to
rainfed conditions were developed and released in the mid-1970s. In rainfed
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areas receiving fairly high rainfall, yield increases associated with this second
generation of MVs were substantial, but still much smaller than those recorded
in irrigated areas. Presently, the rainfed areas continue to lag behind the irri
gated areas, both in terms of adoption and yield.

Indirect Effects of Technological Change

Partial equilibrium analysis indicates that several factors determine the extent
to which indirect impacts of technological change affect the well-being of
various socioeconomic groups. Effects operating through commodity markets
will depend greatly on the manner in which commodity prices are determined
and on the status of particular household types as net producers or net con
sumers of the affected commodity. If price is determined by domestic supply
and demand conditions, a shift in supply due to technological change will
depress the price of the affected commodity. For an important staple food such
as wheat in Pakistan, net consumers of the commodity-both non-producers,
such as urban dwellers, and rural producers for whom consumption require
ments exceed annual production-stand to benefit greatly from a lower wheat
price. Moreover, because poor consumers tend to spend a greater proportion of
their incomes on food, this price effect is likely to benefit poorer consumers to a
greater extent than the more well-to-do. For net producing households that
adopt the new technology, the fall in price mayor may not outweigh the
positive effect of greater productivity on farm profits. For non-adopting net pro
ducers, however, there will be an unambiguous decline in farm profitability
and household income.

If, on the other hand, price is exogenously determined-either by the world
market for the commodity, or by government price policy that is tied to factors
other than domestic supply and demand considerations-then technological
change will solely benefit adopters ofthe improved technology. For a particular
household, these benefits will be proportional to the amount of the commodity
produced; that is, large farm households will tend to benefit to a greater extent
than small farm households. The welfare of consumers will be unaffected in
this case, since price is not directly linked to changes in aggregate supply.

In addition to increasing crop production, technological innovations such as
MVs often require greater amounts oflabor for harvesting, threshing, and crop
care. As long as agricultural labor is not available in unlimited supply, in
creased labor requirements will put upward pressure on agricultural wage
rates (as well as the implicit return to family labor of subsistence producers).
The amount by which wages increase is a function of laborers' responsiveness
to wage changes. Higher wages would obviously have positive effects on the
incomes of poorer rural dwellers dependent on agricultural labor for a large
share of their incomes. Moreover, such wage increases need not be confined to
the areas in which labor-intensive technologies are adopted if interregional
differences in wage rates cause migration of agricultural laborers from low
wage to high-wage areas.
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Technological Change and
Rural Incomes in Pakistan, 1965-87

Wheat production has grown steadily in Pakistan over the past 25 years. About
two-thirds of the increase in production is attributable to yield improvement,
with the remainder due to area expansion. The steady growth in wheat yields
is mainly attributable to the continuing development of improved seed-fertilizer
technologies, growth in the exploitation of groundwater supplies, mechaniza
:;()n (particularly the use of tractors for land preparation), and, in some cases,
the adoption of appropriate crop management practices.

In both rain fed and irrigated areas, the profitability of wheat farming-both
per hectare and per farm-grew steadily between 1965 and the mid-1980s.
During the 1980s, however, farm profits trended downward. Most likely this
downturn has resulted from the slower rate of yield improvement, combined
with government price policies that have effectively taxed wheat producers.
Throughout this period, wheat production has been two to three times more
profitable in irrigated areas than in rainfed areas.

Interestingly, while Pakistan's irrigated areas have consistently outpaced
rainfed areas in terms of productivity increases in wheat (and agriculture in
genera]), rural income growth has generally been greater in the rainfed
areas-particularly since the mid-1970s. Although large farm households have
consistently enjoyed the highest incomes in both rainfed and irrigated areas
over the past 25 years, in most cases poorer small farm and landless house
holds registered more profound real income growth during that period. Particu
larly striking is the rapid growth of the incomes of poorer households in rainfed
areas. Gini coefficients indicate that income distribution in rural areas im
proved significantly between 1965 and 1987.

Relatively little of the observed pattern of income growth can be attributed to
indirect effects of technological change. In Pakistan, as in most other develop
ing countries, the government has historically played an active role in setting
producer and consumer prices for wheat and flour. The mechanism by which
the government sets these prices is largely unaffected by domestic supply and
demand conditions. Thus, despite the fact that producer and consumer prices of
wheat and wheat products have followed a downward trend for the past 25
years, these trends cannot be directly linked to technological change in wheat
production.

Available evidence shows that. real agricultural wages in both rainfed and
irrigated areas of Pakistan have indeed increased steadily over time. This is
consistent with the argument that the increased labor requirements of im
proved wheat production technologies have had positive effects on agricultural
laborers. It is important to note, however, that wages in nearly all sectors of
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the economy have risen dramatically since the mid-1970s. This phenomenon
coincides with the beginning oflarge-scale migration of Pakistanis to the
Middle East, an activity lhat created labor shortages in many key sedors of
Pakistan's economy (including the agricultural sector).

Foreign migration appears to be the main explanation for the pattern of
changes in the incomes of rural dwellers in Pakistan's rainfed areas since the
mid-1970s. Particularly for landless and small farm households, an increasing
share of total household income has come from non-agricultural sources (of
which foreign remittances are most important). Between 1965 and 1971, about
65% of the income of small rainfed fanns came from agricultural activities;
between 1984 and 1987, nearly 90'l- of these households' incomes came from
non-agricultural sources. The data for landless and large fann households in
rainfed areas indicate similar (although somewhat less dramatic) trends in the
composition of household income.

In irrigated areas the composition of household income for all types of house
holds has remained relatively constant since 1965. In these areas, the fortunes
of rural dwell ers thus appear to have been tied more directly to the profitability
of agriculture.

In sum, it appears that observed rural income growth in rainfed areas has been
mainly due to the ability of the inhabitants of those areas to take advantage of
income-generating opportunities outside the agricultural sector. That the rate
of income growth has been greater in rainfed areas than in irrigated areas over
the past 15 years indicates that those non-agricultural opportunities proved to
be even more remunerative than agricultural opportunities in the irrigated
areas. An implication of this finding is that differences in wheat productivity
across production environments may have provided an important incentive for
the inhabitants of Pakistan's less productive rainfed areas to broaden their
income-generating activities outside of the agricultural sector.

Simulated Impacts of Currently Available Technologies

In Pakistan, as in most developing countries, most rural households are both
producers and consumers of the predominant staple food (wheat}. Additionally,
while most labor on the farm is typically supplied by family members, the
majority of households also interact in rural labor markets, either as buyers or
sellers oflabor (or both). The economic forces unleashed by an improved wheat
production technology .vill thus have multiple impacts on a given household;
sorting out the overall effect of technological change requires a model that
synthesizes these individual impacts in a unified framework.
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To this end, a multi-market model is developed that captures both direct
productivity effects and indirect effects operating through the markets for
wheat, other commodities, and agricultural labor. The model is used to simu
late the impacts of adoption of technologies that are currently available in
Pakistan. The simulations measure the long-run impact on real incomes of
eight socioeconomic groups-large farm, small farm, and landless households
in rainfed and irrigated areas, and poor and non-poor urban households
under both controlJed and uncontrolled wheat prices. Data used to initialize the
model are drawn from a variety of sources, ranging from micro-level farm
management surveys to aggregative government statistics.

The simulations indicate that, if the government of Pakistan continues to set
wheat prices, net producers stand to be the major beneficiaries of future tech
nological progress in wheat production. These include large farm households in
rainfed areas and both large and small farm households in irrigated areas.
Agricultural laborers will also achieve some income growth due to the greater
labor requirements of new technologies (and attendant wage increases), but
this will be small compared to the direct productivity effects of these technolo
gies on wheat producers. If, on the other hand, the Pakistani government were
to allow prices to be determined by domestic supply and demand forces, the
major beneficiaries of technological change would be net consumers-small
farmers in rainfed areas and non-producing households in both rural and
urban areas. In this case, the price of wheat would be depressed relative to a
baseline scenario in which no technological change occurs, thereby transferring
sizable (indirect) benefits to these households. This price effect would be
considerably larger than either the direct effect of increased productivity on the
profitability of wheat production or the increase in wages due to greater de
mand for agricultural labor.

The simulation analyses provide insight as to how different allocations of
agricultural research resources between irrigated and rainfed areas will affect
the interregional distribution of income. Increasing wheat productivity in
Pakistan's irrigated areas emerges as the most promising way of increasing
domestic wheat production. The analyses also clearly indicate that enhancing
wheat productivity in irrigated areas (with or without accompanying productiv
ity increases in rainfed areas) promises to have the most favorable effect on
overall income growth. Finally, it is found that technological change occurring
in irrigated areas would be as equitable (and in some cases more equitable) as
technological change confined to rainfed areas, regardless of how wheat prices
are determined.

These findings indicate that the traditional allocation of the lion's share of
wheat research resources to improving the productivity of irrigated areas
continues to be a reasonable strategy for research managers in Pakistan. It is
clear that a dramatic reallocation of research aimed at rainfed areas would be
inferior in terms of promoting overall income growth, and at the same time
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cannot be justified on equity grounds. Nonetheless, it is not reasonable to infer
from these results that Pakistan ought to abandon efforts to enhance the
agricultural productivity of its rainfed areas. The reason that technological
progress in rainfed areas does not show much promise for enhancing overall
income growth is in large measure the outcome of the historical pattern of
greater productivity improvement in Pakistan's irrigated areas. Fortunately,
the ability of households in rainfed areas to take advantage of non-agricultural
employment opportunities has meant that interregional differences in the rates
of agricultural productivity increase did not translate into widening inter
regional disparities in income. Nonetheless, there are risks inherent in relying
on the continuing expansion of non-agricultural activities-particularly those
associated with employment outside of Pakistan. In order to minimize these
risks, continued efforts to improve the viability of rainfed agriculture in
Pakistan appear warranted.
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1
Introduction

For many developing countries, the diffusion of improved technologies for the
production of staple food grains has been the most important factor influencing
agricultural development over the past few decades. The seed-fertilizer tech
nologies whose diffusion brought about the Green Revolution, continuing
improvements in the yield potential and disease resistance of modern varieties
(MVs). and ongoing research on crop management practices to raise yields have
all contributed substantially to increasing the productivity of agriculture
throughout the developing world. To underwrite the cost of developing these
new technologies, substantial resources have been mobilized by a host of
institutions, including national agricultural research systems. bilateral aid
agencies, and the international agricultural research centers associated with
the Consultative Group on International Agricultural Research (CGIARl.

Historically, the bulk of incremental productivity gains resulting from techno
logical innovations has been registered in selected environments-typically
well-watered or irrigated areas enjoying favorable topographic and agronomic
conditions. In contrast, less favorable or ~marginal"environments have gener
ally lagged behind in terms of adoption of improved technologies and the
attendant impacts on productivity IMorris, Belaid, and Byerlee 1991J. This has
partly been the result of the inherently greater challenge of developing new
technologies suited to the more difficult marginal environments. In many cases
it is also presumably the result of institutional strategies for maximizing the
potential payoff to research activities. Whatever the reason, distinct differences
in the diffusion of improved technologies across production environments
persist to this day.

Since the early days of the Green Revolution, 506al scientists have debated
how agricultural technologies affect the 'welfare of various socioeconomic
groups in countries experiencing rapid technological change. 1 This debate has
spawned a considerable (and at times contentious) literature investigating the
impacts of seed-fertilizer technologies related to the production of food grains.
Most of this literature has focused on socioeconomic groups located in areas in
which the new technologies were adopted, examining the impacts of technologi
cal innovations on the incomes of various types of households (large farm, small
farm, landless labor) and on returns to various fact.ors of production (land,
labor, capital).

A less-researched aspect of the overall distribution of welfare benefits and
losses due to technological change has been the differential regional impacts of
such change. Some research has highlighted less immediate impacts influenc-

1 Lipton and Longhurst (1989) present the best overview of virtually all aspects of this
debate, surveying both the theoretical issues involved and available empirical
evidence.
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ing the welfare of both adopting and non-adopting populations by altering
conditions in markets for commodities and factors of production (particularly
labor). Still other work has analyzed the stimulus to non-agricultural sectors
(both rural and urban) provided by technological change. To date, however,
there has not been an attempt to develop an analytical framework for examin
ing both the direct (productivity) and indirect (or market) effects of regionally
differentiated technological change across regions and socioeconomic groupS.2,3

This study develops such an analytical framework, and uses it to investigate
the interregional income distributional impacts of improved technologies for
wheat production in Pakistan. The analyses presented herein are aimed at
generating information on how a technology "shock" such as an improved
wheat variety affects different segments of the population of a developing
country. The analysis goes beyond initial or "first-round" effects to consider the
transmission ofbenefits (or costs) of new technologies from the areas for which
such technologies are targeted to the rest of the economy. The key issue here is
the extent to which the first-round effects of technological change are attenu
ated or amplified by consequent changes in factor and output markets.

Quantifying the magnitude and direction of first- and second-round effects of
specific technological innovations allows a more complete understanding of the
welfare implications of technological change for various socioeconomic groups.
This coupled with additional information on income distribution at a given
point in time allows for an assessment of whether such innovations tend to
improve or worsen existing inequities in income distribution. Such information
should be useful to research managers sensitive to the equity implications of
the technologies developed by their institutes.

Background of the Study

The motivation for this study stems largely from two issues of concern to
International Maize and Wheat Improvement Center (CIMMYT) and the larger
community of international agricultural research centers (IARCs) of which
CIMMYT is a member. First, while these centers have contributed substan
tially to increases in agricultural productivity over the past 25 years, the bulk

2 Throughout this study, the terms "direct effects" and "first-round effects" are used
interchangeably to denote the immediate impact of technology on productivity.
Likewise, the terms "indirect effects" and "second-round effects" denote the impacts
operating through changes in output and factor markets.

3 As this manuscript was in the final stages of publication, Coxhead and Warr (1991)
developed a model of regionally differentiated technological change quite similar to
the one used here.
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of productivity improvements have been confined to favored production envi
ronments. There is a widespread perception that this asymmetry has been
unfair in the sense that (a) farmers in more marginal production environments
have been systematically deprived of the potential benefits of the research
conducted by the centers; and (b) interregional disparities in agricultural
productivity have been exacerbated.

The second issue, closely related to the first, is a concern that the widening of
regional differences in agricultural productivity has also led to a widening of
interregional income gaps. If, as is commonly supposed, the inhabitants of
favored production environments were initially better off, then the research
agenda ofthe IARCs has (perhaps unwittingly) had an anti-poor bias.

Much of what follows in this study addresses various aspects of these two
concerns. Here at the outset, a few general points that highlight the complexity
of the issues will be noted. With respect to research agenda of most of the
institutions in the CGIAR, it must be noted that limited financial resources
require that some choices be made as to the level of concentration on particular
production environments.4 In the particular case ofCIMMYT-an institute
primarily known for its successes in plant breeding-the concentration on
favored production environments is presumably related to the higher probabil
ity of success in breeding for environments with minimal agronomic and abiotic
stresses. That is, a breeding program is more likely to enjoy success (in terms of
increased yields) in favored production environments.

The picture is complicated by the fact that IARCs like CIMMYT have mandates
which, implicitly or explicitly, include equity concerns as well. For instance,
CIMMYT's most recent five-year budget lists "impact on the poor" as a distinct
criterion for allocating research resources (CIMMYT 1989b). It is a point of no
small controversy whether or not the comparative advantage of breeders in
breeding for favored production environments is compatible with improving the
lot of the poor. The primary goal ofthe current study is to determine the extent
to which efficiency and equity are complementary or conflicting institutional
goals. The emphasis on analyzing second-round effects whereby the benefits of
technological innovations are transmitted into areas other than those for which

4 Within the CGIAR system, two centers (the International Center for Agricultural
Research in the Dry Areas and the International Crops Research Institute for the
Semi-Arid Tropics) are mandated to concentrate exclusively on what might be
termed marginal production environments. For centers such as CIMMYT and the
International Rice Research Institute, which have worldwide mandates for
particular crops, the allocation of research resources to particular environments is
more clearly a matter of administrative decision.
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the innovations were targeted is explained by the fact that typically there are
poor people living in all areas (including favored and marginal rural areas, and
urban areas).

Finally, it deserves mention that this study investigates these issues in the
context of one country-Pakistan. Pakistan was chosen because (a) it is a
country in which the diffusion of improved production technologies (especially
semidwarf wheat varieties) has led to impressive improvements in average
yields and national production; (b) the impact ofMVs has varied dramatically
between production environments (both in terms of adoption and yield advan
tage); and (c) the distinction between favored and marginal production environ
ments is rather easy to make. The generality of the results of the study is
limited, however, by the fact that regional patterns oftechnological change, the
geographical distribution of poverty, and even the appropriate distinction
between "favored" and "marginal" production environments differ widely across
countries. In this regard, the present study is offered as a case study of how the
benefits and costs of technological change are transmitted throughout an
economy, and how these benefits are shared by different socioeconomic groups.
Perhaps the most important contribution ofthe study is to establish a method
ology that allows research managers to better understand the equity impacts of
alternative allocations of research resources.

Characterizing Production Environments

Some amount of subjectivity will accompany any attempt to categorize produc
tion environments as "favored" and "marginal." A number of factors might
enter into such a judgement, and obviously these will vary in relative impor
tance depending on the geographical region or country being considered.
Nonetheless, within a given country it is usually the case that reasonably well
defined production zones are recognized by some generally accepted (if un
stated) criteria.5

Agricultural productivity is generally highly correlated with the presence of
irrigation or assured and adequate rainfall. As such, water availability is
probably the most obvious determinant of how well endowed a particular

5 One example of a precise definition of marginal production environments is found in
CIMMYT's strategic plan: "We consider marginal environments to be those areas in
which yield of the target crop is reduced to 10-40% of the yield potential, as
determined by the amount of radiation received over the normal length of the
growing season" (CIMMYT 1989c).
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production environment is. This is not to say that irrigation and/or assured
rainfall is in all cases synonymous with highly productive agriculture; however,
adequate water availability is certainly a necessary condition for highly produc
tive agriculture.

In some areas topography might be considered a critical factor in determining
the productive capacity of the land (e.g., the Andean zone of South America).
Other important factors that might cause a production environment to be
marginal are extreme temperatures, diseases and insects, deficiencies or
toxicities of nutrients, flooding, and salinity. Taking an even broader view, one
might wish to incorporate the adequacy of infrastructure serving the inhabi
tants of a particular region. While these factors may be important in many
instances, water availability-specifically, the presence or absence of irrigation
facilities-will be used in this study as the "watershed" for determining
whether a production environment is favored or marginal.

The Regional Distribution of Poverty

In assessing the impact on the poor of differential regional adoption ofim
proved technologies, it is crucial to recognize that in most developing nations
poverty exists in all locations-favored and marginal rural areas as well as in
urban areas. There is a common tendency to associate resource-poor marginal
environments with a higher incidence of poverty. Indeed, in some parts of the
world this is clearly the case----e.g., the Andean highlands and the West African
Sahel (World Bank 1990).

areas
(43%)

Figure 1.1. Regional distribution of
poverty in developing coutries.
Source: Mellor (1988).

However, poverty is greatly dis
persed throughout the three types
of areas of interest here, as is
evident in Figures 1.1 and 1.2.
Based on a survey ofWorld Bank
poverty studies conducted by
Mellor (1988), these show the rela
tive regional distribution of pov
erty (defined in terms of inability
to achieve a minimal nutritional
standard). Worldwide, a slightly
higher percentage of the rural poor
live in marginal areas, while 20%
of the world's poor are found in
urban areas (Figure 1.1). The dis-
tribution ofpoverty varies from
one geographical location to another, however (Figure 1.2). Relative to other
parts of the world, a much greater proportion of the impoverished in Latin
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America live in cities. Roughly 75% of the rural poor in Latin America and East
Asia live in marginal areas; in Mrica and South Asia, approximately equal
proportions of the poor live in marginal and favored areas.

(45%) I:

Africa

(40%)

South Asia

EIJ ~arginalruralareas

~ Urban areas
~ Favored rural areas

Figure 1.2. Regional distribution of poverty by geographical area.
Source: Mellor (1988).

Clearly, then, there are substantial concentrations of poverty in the three types
oflocations delineated here. It is not immediately obvious, at least to this
researcher, what is the most effective way for research managers choosing
among alternative portfolios of research investment to maximize the impact of
that investment on alleviating poverty. The challenge of the current study is to
clarify such a choice.

The Study Area

The analytical framework developed for investigating the welfare effects of
regionally differentiated technological change will be applied to the case of MY
wheat and associated technologies in Pakistan. Pakistan is a particularly
appropriate choice for several reasons. First, Pakistan was the site of some of
the most dramatic increases in wheat productivity associated with the Green
Revolution in the 1960s and 1970s. Since modern semidwarf wheat varieties
were introduced in 1966,6 wheat yield increases have averaged 3.5% per year,
and national wheat output has more than doubled.

6 Throughout this study, the year in which the July-June crop year starts will be used
to denote the crop year. Thus "1966" here refers to the 1966/67 crop year, in which
wheat was planted in the autumn of 1966 and harvested in the spring of 1967.
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Second, wheat is the most important agricultural commodity produced in
Pakistan (in terms of total value added). It is also the dominant staple food
consumed in most parts of the country. Consequently, the tremendous growth
in wheat production and productivity has had important impacts on the well
being of both consumers and producers of wheat and wheat products.

Finally, Pakistan is a country marked by distinct production environments
differentially suited to the diffusion of improved wheat technologies. The initial
releases were primarily adapted to (and targeted toward) the irrigated areas of
the Indus River Basin, and the rapid adoption and striking yield increases
characterizing the Green Revolution were largely confined to those areas.
Subsequently, improved varieties better suited to rainfed conditions were
developed and released in the mid-1970s. In some rainfed areas (particularly
those with fairly high rainfall) yield increases associated with this second
generation ofMVs were substantial, but still much smaller than those recorded
in irrigated areas. The rainfed areas continue to lag behind the irrigated areas,
both in terms of adoption and yield.

Organization of the Study

Chapter 2 develops the framework used to analyze the welfare effects of
regionally differentiated technological change. Partial equilibrium analysis of
commodity and labor markets is used to illustrate the theoretical impacts of
technological change on various socioeconomic groups. After a brief discussion
of the manner in which government policies and actions might modify the
predicted outcomes of a yield-enhancing technological change, a multi-market
model of regionally differentiated technological change is presented. This model
is a way of accounting for, and in a sense "toting up," the multiple impacts of
technological change on different types of households located in adopting and
non-adopting areas. The model is discussed in non-technical terms in the text,
with the formal mathematical derivation contained in Appendix A.

Chapter 3 provides some historical perspective on the effects of technological
change in wheat in Pakistan over the past 25 years. Both aggregate and micro
level survey data are used to chart out the behavior of price and quantity
variables, adoption of various technologies, and the dynamics of household
income for different locations and household types in Pakistan. This chapter
also reviews certain key aspects of government intervention in the domestic
wheat market, and the potential impacts on wheat production of technologies
currently "on the shelf' in Pakistan.

In Chapter 4, the multi-market model developed in Chapter 2 is used to simu
late the effects of alternative scenarios of technological change on household
income and overall income distribution. Two sets of analyses are conducted.
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The first assesses the long-run impacts of technological change under the
assumption that wheat prices are free to adjust to prevailing supply and
demand conditions, while the secend explores the long-run impacts under
controlled producer and consumer prices. The findings of this chapter allow
some conclusions to be drawn regarding the effect on incomes and income
distribution of different regional patterns of technological progress in wheat
production.

Chapter 5 summarizes the findings of the study and presents conclusions
regarding the equity implications of different regional patterns of technological
change. The implications of these conclusions for research managers in Paki
stan are discussed, along with the applicability of the study's results for other
countries.
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2
Differential Impacts of

Technological Change: An Analytical
Framework

This chapter provides a framework for analyzing the impacts of a yield
enhancing technology targeted to a particular production environment on
various socioeconomic groups located in both adopting and non-adopting areas.
The presentation begins with a discussion of the most important avenues
through which the indirect effects of technological change are transmitted
commodity markets and labor markets. Partial equilibrium analysis is used to
sketch out the direction and magnitude of changes in these markets due to
technological change. It is shown that the ultimate effects of regionally differ
entiated technological change depend greatly on whether an economy is open
or closed with respect to world markets, whether households are net consumers
or net producers ofthe commodity in question, and the degree to which labor is
mobile across agricultural regions.

The second section of this chapter discusses the role of government in modify
ing the impacts of technological change predicted by the partial equilibrium
analysis. This discussion is motivated by the observation that, by its choice of
policies, a government may significantly alter the transmission of the indirect
effects of technological change. Regulation of consumer and producer prices is
emphasized as being the most common policy of this sort.

Partial equilibrium analysis, while useful in providing an understanding of
isolated aspects of the process of technological change, is inadequate for assess
ing the overall impact of a particular innovation on various socioeconomic
groups within an economy. Especially in developing countries, economic agents
are not simply consumers or producers, laborers or landowners. Rather, they
are a combination of some or all of these categories, and the economic forces
unleashed by a technological innovation may have both positive and negative
consequences for a given household.

Synthesis of our knowledge of partial equilibrium outcomes in individual
markets requires a multi-market model that encompasses these general equi
librium considerations. Such a model is developed in the third section of this
chapter. The model is essentially a way of adding up the various impacts (both
positive and negative) on different socioeconomic groups. It is described in
fairly general terms in the text. For readers interested in the technical aspects
of the model, its mathematical derivation is presented in Appendix A.

Indirect Effects of Technological Change

The two most important avenues through which the indirect effects of techno
logical change are transmitted are commodity and labor markets. The discus
sion in this section considers the partial equilibrium effects of a hypothetical
yield-increasing innovation for each of these markets. For expositional ease, it
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is assumed that the hypothesized innovation is adopted only by farmers in one
distinct ("favored") production environment, and that adoption is instantaneous
and complete in this favored area. The analyses thus depict a stylized version of
the process of technological change wherein the most extreme degree of regional
differentiation exists. The discussion of commodity markets further assumes
that (1) the country of interest is a net importer of the commodity for which
technological change occurs; (2) the favored agricultural area is a net exporter
of the commodity in question to other areas of the country; and (3) the other,
"marginal" agricultural area is a net importer of the commodity in question.

Commodity Market Effects
A large literature addresses the distributional impacts ofvarious types of
technological innovations resulting from their effects on prices in commodity
markets. Early work in this area was oriented toward ascertaining social
returns to agricultural research (e.g., Akino and Hayami 1975, Ayer and Schuh
1972). These studies emphasized the relative effects of technical change on
producers and consumers using standard Marshallian surplus concepts. The
basic message of these analyses is that in open economies producers reap the
lion's share of the benefits from technological change in the form of innovators'
rents, while in closed economies it is consumers who benefit most via price
effects in output markets.

Expanding the analysis to include differential adoption patterns across produc
tion environments alters these conclusions slightly for the closed economy case,
and not at all for the open economy case. Figures 2.1 and 2.2 depict the impacts
of a supply shift for a particular commodity in one agricultural area on various
regional markets for the affected commodity. To expedite the discussion, assume
that the commodity in question is wheat.

In an open economy (Figure 2.1), the price of wheat is determined ex
ogenously-that is, by conditions on the world market and (for an importing
nation) transport costs from the country of origin. The shift of the supply curve
in the favored region from s to s' is thus unaccompanied by a change in the
price received by producers; consequently, producers in the favored region un
ambiguously gain from the supply shift. The amount of the increase in produc
ers' surplus is given by the area ABeD. Since in the marginal area neither
prices nor production change, the welfare of producers or consumers there does
not change. Urban consumers are likewise unaffected by the supply shift. There
is, however, a change in the level of imports necessary to meet urban demand
that is, the increased output of wheat in the favored area substitutes for wheat
imports.!

1 Here it is assumed, not unrealistically, that imports are used to satisfy urban
demand exclusively. There is absolutely no difference in the conclusions drawn from
the analysis if instead some imports find their way into markets in the marginal
area. Likewise, there is no qualitative difference if the country is a net wheat
exporter to begin with. In this case exports increase with the supply shift.
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In the case of a closed economy in which prices are determined by the intersec
tion of aggregate supply and demand curves, the analysis becomes more
complicated (Figure 2.2). With the shift in the supply of wheat in the favored
region from s to s', aggregate supply (the sum of the favored and marginal
region supply curves) shifts out from S to S', causing the price to fall from Po to
P1"2 In urban areas, consumers benefit as the fall in price leads to an unambi
guous improvement in welfare (measured by the area PoMNP

1
).

In the marginal agricultural region, consumers similarly benefit from the drop
in price. At the same time, producers-for whom there has been no alteration
in production technology (by assumption)-are hurt by the lower price for their
output of wheat. Moreover, at the new price less wheat is produced. Overall,
there is a net increase in total surplus equal to the area IJKL---that is, the
increase in consumer surplus (POKLP1) less the decrease in producer surplus

p* -

A
B

p

Favored agricultural region
s s'

<Ie ql
Urban areas

p

p

Marginal agricultural region

National market
S'

Figure 2.1. Commodity market impacts of technological change: open
economy case.

2 This abstracts from transportation and other costs involved in moving wheat from
surplus to deficit areas. Assuming that marketing margins remain unchanged
(either absolutely or as a proportion of the market price), the qualitative results of
the analysis remain the same.
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(PoJIP
1
). Note that total surplus would fall if the marginal region were a net

exporter of wheat to begin with, as then the decline in producer surplus would
be greater in absolute terms than the increase in consumer surplus.

In the favored region, the results are more ambiguous. As in the other two
regions consumers gain from the cheaper price of wheat. One cannot say
unequivocally whether producers gain or lose on net, however, since the
negative effect ofthe falling price is offset by an increase in output. The ulti
mate impact on producers is therefore indeterminate, depending on the slopes
(elasticities) of the supply and demand curves and the amount ofthe supply
shift (i.e., the horizontal distance from s to s').

For the two agricultural areas, determining how the change in conditions in
the wheat market affects the welfare of particular socioeconomic groups must
account for the fact that most, if not all, wheat-producing households also
consume wheat (Hayami and Herdt 1977). For such semisubsistence house
holds, a change in price (regardless of the direction of the change) has both
positive and negative effects. Where a supply shift leads to a drop in price, the
negative effects on farm profits are offset by the cheapening of the price of food.
The critical distinction for determining the net welfare changes for a semi
subsistence household is thus whether the households are net producers or net
consumers of the commodity in question.

Favored agricultural region
s'

Urban areas

Marginal agricultural region

Figure 2.2. Commodity market impacts of technological change: closed
economy case.
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Figure 2.3 illustrates the welfare implications of technological change for four
prototypical semisubsistence households-adopting and non-adopting net con
sumers, and adopting and non-adopting net producers. There it may be seen
that net consuming households, adopters and non-adopters alike, unambigu
ously benefit from the fall in price due to the supply shift. For net producing
households, the fall in price involves some welfare loss. For adopting house
holds, this loss mayor may not be fully compensated by the productivity gains
resulting from the new technology. For non-adopting households, however,
there is no offsetting change in production. Hence, these households suffer
losses in overall surplus.3

The above discussion leads to the following conclusions on the welfare effects of
regionally differentiated technological change on socioeconomic groups in a
closed economy. Urban households, all of which are net consumers, unambigu
ously benefit from the lower price of wheat. In the marginal area, net consum
ers (including both non-farming households and households unable to meet
their demand for wheat from their own production) unambiguously gain,
whereas net producing households unambiguously lose. In the favored region,
net consumers unambiguously gain, while the welfare effects are indeterminate
for net producers.

Case 1: Non-adopting net consumer
d s

Net gain

d

Case 3: Adopting net consumer
d s s'

Case 2: Non-adopting net producer
d s

Case 4: Adopting net producer
d s

Figure 2.3. Welfare effects of technological change on semisubsistence
households.

3 Three other, less likely, possibilities involve households whose status changes from
net producer to net consumer (or vice versa). It may be shown that, for households
who change from net producers to net consumers (both adopters and non-adopters),
the net welfare effects are indeterminate, and that adopting households transformed
from net consumers to net producers by the new technology unambiguously benefit.
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A number of studies have argued that a link exists between technological
change in developing country agriculture and lower food prices (Akino and
Hayami 1975, Mellor 1975, Evenson and Flores 1978, Scobie 1979). Addition
ally, there exists some empirical evidence on the distributional effects of region
ally differentiated technological change, specifically the introduction of modern
high-yielding rice varieties targeted to the irrigated areas of Colombia (Scobie
and Posada 1978, Pinstrup-Andersen 1970). These latter studies corroborate the
predictions of the partial equilibrium analyses presented above, concluding that
the introduction of MV rice mainly benefitted consumers (particularly those
with low incomes) and adopting producers, while the incomes of net producers
ot non-irrigated rice were negatively affected.

Because the share of food in total expenditure is typically higher for poorer
households (Pinstrup-Andersen 1985), it is often argued that the cheapening of
food prices via technological progress has been the most important "pro-poor"
effect of Green Revolution-type innovations (Ruttan 1977, Lipton and
Longhurst 1989). It is important to note, however, that this result depends on
markets for the commodities involved being at least partially closed to foreign
trade. It is also noteworthy that the analyses supporting this result have
generally ignored the actions of government price and stabilization policies.
Such policies may have profound effects on interregional and intraregional
income distribution, effects likely to extend to the transmission ofbenefits and
costs arising from technological change. These issues will be taken up again
later.

Labor Market Effects
Considerable evidence indicates that the seed-fertilizer technologies of the
Green Revolution generally led to significant increases in demand for labor
(Ruttan 1977, Jayasuriya and Shand 1986, Lipton and Longhurst 1989). Most
commonly, these have been linked to increases in harvest and threshing labor
associated with higher yields, and increased cropping intensity facilitated by
shorter duration varieties (Barker and Cordova, 1978). So long as labor supply
is less than perfectly elastic, such changes in labor demand will put upward
pressure on wage rates in local labor markets, thereby affecting the incomes of
all households in adopting areas for whom agricultural labor is a source of
household income.4

The impact of a new, labor-using technology on conditions in labor markets may
extend outside ofthe area in which it is adopted iflaborers in non-adopting
areas are sufficiently mobile. The theory underlying such a possibility is
straightforward. If real wages rise sufficiently due to increased labor demand to
cover the cost of changing locations, laborers from non-adopting areas may
migrate to take advantage of better employment opportunities. In addition to

4 This includes farm households that do not sell labor to other farms, as the implicit
return to their on-farm labor will have changed.
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the transferring of some ofthe benefits ofthe new technology to migrating
individuals, migration will also put upward pressure on wage rates in non
adopting areas, thus benefitting laborers there as well.

This is illustrated in Figure 2.4. Initially, an equilibrium wage, Wo' prevails in
both marginal and favored agricultural regions.5 Adoption of a labor-using
technology in the favored region shifts the labor demand curve there out from
dd to d'd', driving up the prevailing wage there from Wo to WI' The differential
between wages in the two regions induces some of the marginal region's labor
force to migrate to the favored region. The inflow of laborers from the marginal
region shifts out the labor supply curve in the favored region (from if to f 'f '),
pushing the wage rate in the favored region back down. At the same time,
outmigration of laborers puts upward pressure on the prevailing wage rate in
the marginal region (due to the shift in the labor supply from mm to m'm').
This process continues until a new equilibrium wage is established at W2•

The potential for rural-rural migration to transfer some of the benefits of
technological change to agricultural labor households in non-adopting areas (in
the form of higher wages) has been widely recognized (Hazell and Anderson
1984, Quizon and Binswanger 1983). There is evidence from India that the
rapid diffusion of wheat MVs in the Punjab in the late 1960s induced a large
influx of laborers from other provinces and that this migration tended to

d

Favored agricultural region

d'

d'

Marginal agricultural region

D m m'

D

Figure 2.4. Interregional impacts of technological change on labor
markets.

5 To simplify the presentation, it is assumed here that, at equilibrium, wages in the
two regions are identical. In reality, it is likely that an "equilibrium" differential,
equal to the transactions costs associated with migration, would exist (Harris and
Todaro 1970). Ignoring this does not alter the implications of the analysis, however.
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equalize interregional wage dispersion (Oberai and Singh 1980, Acharya 1989).
In the Philippines, Otsuka et al. (1990) provide evidence that differential rates
of adoption of MV rice in favorable and unfavorable production environments
led to substantial interregional migration. Finally, a number of studies focusing
on regional labor market impacts of modern rice varieties have recently been
undertaken by economists associated with the International Rice Research
Institute (Otsuka et al. 1990, Upadhyaya et al. 1990, Hossain and Akash 1990,
Isvilanonda et al., 1990, Gunawan et al. 1990). These corroborate the hypothe
sis that migration and subsequent wage equalization have acted to transfer a
portion of the benefits from technological change in favored environments to
marginal environments which did not receive as large an increment of the
direct productivity benefits.

Several qualifications to the scenario depicted in Figure 2.4 need to be added
here. First, while rising real wages might appear to be the obvious result of
increased labor demand due to technological change, there is little empirical
confirmation for this. Rather, the evidence indicates that stagnation or, at best,
small increases in real wages occurred in most areas where MVs were adopted
rapidly (Lipton and Longhurst 1989). Possible explanations for this include
high levels of unemployment or underemployment in adopting areas prior to
adoption, high rates of population growth, and migration of laborers into
adopting areas. Importantly, none of these explanations contradicts the notion
that the remuneration of agricultural laborers was improved by MVs, relative
to what would have occurred in the absence of the new technologies.

A second qualification to the simple analysis presented above is that inter
regional migration is likely to take place gradually over an extended period,
since substantial costs are involved in migrating (even temporarily) from one
geographical location to another. Thus, it seems most reasonable to consider
labor to be geographically immobile in the short run but mobile in the long run.
The dynamic nature of migration as an equilibrating mechanism renders quite
difficult the task of identifying the extent to which migration contributed to the
transmission of potential benefits to laborers (in the form of higher wages,
greater labor demand) from adopting to non-adopting regions.

Finally, mention must be made of rural-urban migration. While migration from
one rural area to another may indeed be an important force affecting the well
being of rural laboring classes, in most cases it is probably dwarfed in magni
tude by migration of rural dwellers to the cities.6 It is possible, however, that
changes in conditions in rural labor markets (such as changes associated with
the diffusion ofMVs) may have modified rural-urban labor flows relative to

6 A large literature has examined rural-urban migration (see Yap, 1977, and
Rosenzweig, 1988, for reviews). Generally it has been found that wage differentials
(either perceived or actual) between rural and urban areas explain part, but by no
means all, of observed flows of laborers to cities.
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what would have otherwise occurred, with higher wages and/or greater de
mand for labor in adopting areas rendering urban employment opportunities
less attractive. Indeed, differences in rates of rural-urban migration due to
differential adoption of improved technologies would generate essentially the
same welfare effects as those occurring in cases where technology leads to
rural-rural migration, although the dynamics of those effects (in terms of the
timing of the movement oflaborers) would probably be somewhat different.

The Role of Government

Table 2.1 summarizes the predictions of the partial equilibrium analyses of
productivity-enhancing technological change under both open and closed
economies. The open- and closed-economy scenarios are useful as a point of
departure for analyzing the impacts of technological change. In reality, how
ever, these idealized cases merely provide rough bounds within which the
actual distributional consequences lie. This is because government interven
tion, particularly in commodity markets, is likely to alter the range of distribu
tional outcomes resulting from a particular innovation.

Table 2.1. Effects of a technological innovation in favored areas on various
factors of production and population groups

Item
Effects under limiting scenarios

Open economy Closed economy
Net

effect

---N.ational effects:---

Consumers
Food price
Foreign exchange status

No change
No change

Better

Gain
Fall

No change

oor +
oor
+ orO

Producers
Agricultural wages
Land rents

Producers
Agricultural wages
Land rents

Gain
Rise
Rise

Lose
Rise
Fall

----Favored areas----

?
Rise
Rise

---.Marginal areas---

Lose
Rise
Fall

?
+
+

+
+
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Especially where staple foods such as wheat or rice are concerned, developing
country governments regularly intervene in commodity markets in order to
meet certain social and political objectives. These objectives include holding
down the price of food for urban consumers, promoting national self-sufficiency
("food security"), enhancing the incomes of agricultural producers, and encour
aging balanced regional development. The most common policy instruments
used to meet these objectives include food subsidies for consumers and price
supports for producers. Application of one or, more typically, both ofthese
policies effectively drives a publicly financed wedge between consumer prices
and producer prices (Pinstrup-Andersen 1985).

Figure 2.5 depicts the public finance costs of consumer and producer price
subsidies for an importing country.7 Frame (a) shows the case where producers
are paid the world price (Pp =Pw) and consumer prices are subsidized. The cost
to the government is given by the area P ABPc-i.e., the quantity consumed at
the subsidized price multiplied by the pe:-unit subsidy (P - Pc ). Assuming a
technological innovation that shifts supply from S to S' d6es not alter this
public finance cost. It does, however, lessen imports by the amount Q 1 - Qo'

Frame (b) of Figure 2.5 shows the case in which consumers pay the world price
(Pc = Pw) and producers receive a price in excess of the world price. Here, the
cost to the government is equal to the difference between the (subsidized)
producer price and the world price multiplied by the amount produced. In this

(a) Consumer price subsidy

s s'

(b) Producer price subsidy

s s'

Figure 2.5. Government cost of producer and consumer price subsidies.

7 For simplicity, the graphs in Figure 2.5 abstract from differences in import parity
prices to consumers and producers due to differences in transportation and
marketing costs. This does not alter the conclusions drawn here.
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case, a shift in supply does have an impact on total government cost, since the
per-unit subsidy is applied to a greater quantity after the shift than before. In
the example shown in Figure 2.5(b), the increase in public finance costs is
equal to the area ABeD. Note that producer prices set below the world price
effectively tax producers. In that event, a shift in supply increases this effective
tax by an amount equal to the amount of the supply shift multiplied by the
difference between the world price and producer price.

Developing country governments commonly intervene on both sides of the
market for staple foods, holding consumer prices below import parity levels and
either subsidizing or taxing producers. The separate impacts of these two
activities are additive. Where both producers and consumers are subsidized, a
supply shift thus represents a greater drain on fiscal resources. In such cases,
productivity-enhancing technologies make it more difficult for a government to
maintain the same level of subsidization on the different sides of the market. In
contrast, where price policies subsidize consumers and tax producers, a supply
shift increases the effective tax on producers, while the degree to which con
sumers are subsidized remains unchanged. In this situation, there is less of a
drain on government fiscal resources as producers now finance an even greater
share ofthe consumer subsidy than was the case prior to the increase in
supply.

The mechanism by which agricultural price commissions set producer and
consumer prices for staple foods is often, to say the least, a mysterious one.
Policy makers charged with this task balance the practical problem of working
within budgetary limitations with the political problem of limiting imports
while at the same time holding down the prices of commodities that are often
the most important items of expenditure for large blocs ofthe population. There
is no way of knowing a priori how price policy will respond to either a tighten
ing up of the fiscal budget or a change in market conditions, such as a shift in
domestic supply or change in world prices. Given that urban consumers typi
cally wield more political power than agrarian constituencies, price policy in
developing countries often (but not always) tends to favor consumers over
producers.

In cases where the government exercises substantial control over both producer
and consumer prices-a situation that is not uncommon for basic staples in
developing countries-these prices may be regarded as fIXed in the short run.
In the context oftechnology that shifts out aggregate supply, there is no
essential difference here with the open economy scenarios described earlier,
since in either event prices are exogenous to the behavior of producers and
consumers.

Over time, however, prices will move, partly in response to political forces, but
also in response to demand and supply conditions in both domestic and interna
tional markets as well as government fiscal constraints. In a number of plau
sible situations, some degree of complementarity between the political and
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economic forces might exist. For example, where a government supports
producer prices at levels exceeding the world price, a new technology that
shifts out supply might put untenable pressure on government fiscal resources.
A likely result ofthis situation would be for producer prices to fall in a manner
more or less indistinguishable from the closed economy scenario sketched out
previously.s Another example of this would be if the government faces a fixed
budget in the face of rising world prices and consumer groups are relatively
stronger than producer groups in battling for (fixed) government resources. In
this case, one might expect to find producer prices falling, particularly if
accompanied by a technological change that would produce windfall gains to
producers were producer prices fixed-again, a situation that is observationally
equivalent to that of technological change in a closed economy.

Finally, it should be noted that consumer and producer price policies are not
the only mechanisms through which developing country governments might
modify the distributional impacts of technological change or any other ex
ogenous shock to commodity markets. In the context of Pakistani agriculture,
subsidies on inputs such as fertilizers and tractors have been important ex
amples of such mechanisms. In theory, input subsidies have impacts similar to
producer price supports. That is, a shift out in supply due to a lessening of per
unit input costs will lead to greater demand for a subsidized input, raising the
cost to the government of that subsidy. As this cost would have to be financed
from some place in the limited government budget, the supply shift thus leads
to per-unit reduction of other subsidies and/or increased government debt.

A Multi-Market Model of Technological Change

The partial equilibrium analyses presented in the preceding sections of this
chapter are useful in understanding isolated aspects of how technological
change affects various markets. They highlight the range of potential impacts
on different types of households in an economy. It has been shown that the
magnitude and direction (positive or negative) of those impacts depend impor
tantly on whether households are adopters or non-adopters of the new technol
ogy, whether they are net producers or net consumers of affected commodities,
and whether they are hirers or sellers oflabor.

In Pakistan, as in most developing countries, most rural households are both
producers and consumers ofthe predominant staple food (wheat). Moreover,
while most on-farm labor is typically supplied by family members, the majority
of households interact in rural labor markets as well, either as buyers or
sellers oflabor (or both). The economic forces unleashed by an improved wheat
production technology will thus have multiple impacts on a given household.

8 Alternatively, consumer prices might be raised in this case, to cover the
government's increased fiscal burden. In practice, however, this has rarely been
observed.
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Sorting out the overall effect of technological change, then, requires a model
that synthesizes these individual impacts in a unified framework. A model of
this sort is developed formally in a mathematical appendix to this paper (Appen
dix A). Software supporting the model (and full documentation) are available
from the CIMMYT Economics Program. This section describes the model in
general terms and outlines its uses and limitations.

Basics of the Model
The model developed here is in many respects similar to theoretical models used
by Quizon and Binswanger (1983, 1986) to analyze the income distributional
effects of technological change in India. Unlike that work, however, the model
explicitly considers the impacts of various classes of agents in rural areas not
directly affected by a hypothesized technological innovation. While the model
includes an urban sector, it falls short of being a full general equilibrium model
in that most factors affecting urban households are taken to be exogenous. In
this way, it is akin to the "multi-market" models used by Braverman and Ham
mer (1986) and Braverman et al. (1987).

The basic methodology underlying this class of model is straightforward. One
first characterizes the salient features of an economy mathematically by writing
down a set of general functional relationships governing the markets of interest.
Algebraic manipulation ofthese equations then allows the system to be ex
pressed in log-linear form, relating percentage changes in a set of endogenous
variables (quantities and prices) to percentage changes in a subset of exogenous
variables, given a set of underlying parameters (elasticities and shares). Ex
pressed in this way, the model permits simulation ofthe effects of changes in
key exogenous variables of interest (e.g., a technology "shock") on endogenous
variables of interest (e.g., real income of different types of households).

The current model considers eight different types of households in three differ
ent geographical locations. These include (1) large farm households, small farm
households, and landless households in favored agricultural areas; (2) large
farm households, small farm households, and landless households in marginal
agricultural areas; and (3) poor and non-poor households in urban areas. All
households are assumed to consume two commodities-a staple food (Le., wheat)
and one other commodity. Household demands for these commodities are taken
to depend on the commodity prices and real household income.

Farm households are semisubsistence producers, consuming a significant
proportion ofthe wheat that they grow. These households are assumed to
produce wheat and one other crop using two variable inputs (labor and fertil
izer) and one fixed input (land). Output supplies and input demands are func
tions of the prices of outputs and variable inputs. Wheat output and variable
input demands are also taken to depend on a region-specific technology variable
that exogenously shifts out wheat supply and input demand. Farm profits are
equated to residual returns to land-the total value of outputs less variable
costs.
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All rural households are assumed to supply agricultural labor, with household
labor supply depending on the real agricultural wage. Nominal household
income is determined by summing net returns to all factors rented out by the
household, consisting of farm profits, family labor income, and other, exogenous
income. Real income is then derived by deflating nominal income by price
indices specific to particular household types.

Closing the model requires making assumptions of how output and factor
markets clear. As the earlier discussions indicated, these are important as
sumptions given the varying welfare implications of alternative characteriza
tions of these markets. Three variant solutions of the model are considered.
Variant I, a short-run solution, assumes that the price of wheat is exogenously
determined (e.g., by world markets or through government price policy) and
labor is immobile.9 Here, regional agricultural labor markets clear in isolation
of one another, with the wage rate determined as that which equates the
regional supply of labor with regional demand. As wheat prices are fixed in
Variant I, changes in supply and demand conditions in the wheat market are
made up by changes in imports (which are endogenous).

Variants II and III are long-run solutions in which labor is assumed to be
mobile. The mobility of labor implies that wage rates are equilibrated across
regions such that wage rates in different regions are proportional to one
another, the proportionality determined by the transaction costs of migration.10

Variant II assumes that the price of wheat is determined in a closed economy.
In this case the level of government-controlled imports is exogenously deter
mined. Variant III assumes that the price of wheat is exogenously determined.
As in the short-run case, this renders imports endogenous.

Uses and Limitations of the Model
For any change in a subset of exogenous variables, the model solves simultane
ously for changes in endogenous quantity and price variables, thereby deter
mining production, consumption, input demand, labor supply, nominal and real
income, and price indices for each of the eight household groups considered.
The model thus permits the effects of changes in key exogenous variables on
these endogenous variables to be simulated. Of particular interest here will be
the simulated effects on real incomes of three different patterns of technological
change, two in which technology adoption is confined exclusively to the favored
or marginal region, and a third in which technological change occurs in both
areas.

9 All variants assume that the prices of fertilizer and non-wheat are exogenously
determined.

10 Note, however, that the model abstracts from the dynamics of migration. Neither
does it include a migration function, such as that found in Quizon and Binswanger
(1986). Rather, it compares two static equilibria existing at two different points in
time.
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Although impacts of technology shocks of various types will be the primary
focus of the simulation analyses conducted using the model, any combinations
of exogenous variables may be altered. The model can thus be used to examine
various combinations of price policies, input subsidies, changes in non-agricul
tural incomes, and different rates of population growth,11 with or without ac
companying technological change.

Several caveats concerning the model deserve comment here. First, while the
model introduces general equilibrium considerations into the analysis, it by no
means provides a comprehensive accounting of income effects of technological
change. Within the context' of the model, technological change affects the real
income of rural households in three ways: (1) by changing the profitability of
farming; (2) by altering the derived demand for labor and thereby real wages;
and (3) by lowering the price of wheat and thereby the price index. Omitted are
any multiplier effects caused by the surplus generated in rural areas, as
increased real income is spent on non-agricultural goods (Hazell and Roell
1983, Haggblade and Hazell 1989). Additionally, since non-agricultural income
is taken as exogenous, real income changes for urban households only come
about through changes in the price of wheat. As such, the model ignores
possible changes in nominal urban wages due to a lowering of food prices;
neither does it account for changes in urban wages due to changes in the rate
of rural-urban migration that might be brought about by improved conditions
in rural areas.

Second, by taking non-agricultural income to be exogenous, the model over
looks responses of non-agricultural production to changes in the agricultural
sector. This is more important in the case ofthe urban sector, as it precludes
rural-urban growth linkages-i.e., the concept of agriculture as an engine of
growth for the entire economy (Mellor 1975). In rural areas, agricultural
activities are so dominant that not much is lost in omitting this possibility.

Third, the model has been deliberately kept as simple as possible to facilitate
interpretation of its results. In all modelling exercises, there is an inevitable
tension between capturing as much of the real world as possible and keeping
the model analytically tractable. As the most important goal here is to be able
to make statements about the impact of technological change on different
socioeconomic groups, a rather large number of household types are considered,
while the economic relationships governing the behavior of these households
are kept quite simple (e.g., two inputs and outputs in production, two commodi
ties consumed).

11 Population enters into the model via both labor supply and consumption demand
equations. In both cases, individual household responses are simply multiplied by
the number of households of a particular socioeconomic group (e.g., small farm
households) to arrive at the aggregate response of that group.
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Finally, as has already been noted, the model is a static one, accommodating a
comparison of equilibria at two different points in time. It therefore does not
illuminate the interesting issue of how an economy moves from one equilibrium
to another. This is unfortunate given that technological change is a disequili
brium phenomenon that often entails important social and economic adjust
ments in an economy. Nevertheless, the model is capable of providing impor
tant information on the "pure" effects of technological change-i.e., those that
would occur in the absence of any countervailing structural changes in the
economy.
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3
Technological Change in Wheat

in Pakistan: Market Behavior and
Income Dynamics

This chapter provides some historical perspective on the effects of technological
change in wheat production in Pakistan over the past 25 years. An attempt is
made to examine the impacts of new technologies on various markets for out
puts and inputs, and the subsequent consequences for the incomes of different
types of households interacting in those markets. The motivation for this is
threefold. First, a look at the recent history of Pakistani agriculture provides
valuable insights into the sorts of outcomes that might ensue from enhancing
the sector's productivity in the future. Second, it will be instructive to deter
mine the extent to which the theoretical predictions of the analyses presented
in the previous chapter have been reflected in events that have unfolded in
Pakistan since the beginning of the Green Revolution. Third, the discussion
calls attention to factors quite apart from wheat production (or even agricul
ture) that have in some respects dominated the welfare of rural Pakistanis.
This bears important implications for understanding both the potential and the
limitations of technological progress in agriculture as a force for improving the
well-being of different socioeconomic groups.

Agriculture in Pakistan

Agriculture is the single most important sector in Pakistan's economy, account
ing for approximately 25% of gross domestic product. Major crops grown
include wheat, cotton, rice, maize, and sugarcane. Of these, wheat is dominant,
accounting for 45% of total cultivated area and contributing 30% of total value
added in agricultural commodities. Wheat is also the primary staple food for
the vast majority of Pakistanis, with average annual per capita consumption
ranging from 115 kg in urban areas to 147 kg in rural areas (Hamid et al.
1988).

Wheat is an important crop in nearly every farming system within Pakistan. In
irrigated areas, two crops are typically grown each year, usually a rainy season
crop followed by wheat. The most common crop rotations in irrigated areas
include rice-wheat, cotton-wheat, maize-wheat, and sugarcane-wheat. In
rainfed areas, farmers usually plant wheat, which is followed by a rainy season
crop (groundnuts, sorghum, or millet) in one year and by fallow in the next
year. Due primarily to its relatively more assured water availability, Pakistan's
irrigated sector is far more productive than its rainfed sector. According to data
from the 1980 agricultural census, irrigated areas account for 63% of total
cultivated area, 90% of wheat production, and 94% of value added in other
crops. The average yields of irrigated wheat are nearly double those of rainfed
wheat.
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The most recent population census (1980) indicates that approximately 62% of
Pakistan's rural population lives in irrigated areas.! Nationally, the distribu
tion ofland ownership is skewed. While three of every four farms contain less
than 5 ha, large farms account for over 60% of total cultivated area2 and tenant
farms account for up to 25% of all farms. On average, farms in rainfed areas
are somewhat smaller than farms in irrigated areas. Data compiled by Maqbool
and Smale (1987) indicate that small farms account for just under 80% of all
rainfed farms and 72% of all irrigated farms.

Technological Change in Pakistani Agriculture

Table 3.1 presents data on average area, yields, and production of major crops
in six time periods since 1960. Significant yield improvements have been
registered in wheat, cotton, and rice since 1960, improvements that are attrib
utable to marked progress in production technologies for these crops. The most
important ofthese technologies are reviewed below.

Semidwarf Wheat
Along with India and Mexico, Pakistan was one of the early beneficiaries of the
Green Revolution. Due to a greater yield potential, as well as a superior re
sponse to chemical fertilizers in the presence of an assured water supply, semi
dwarf varieties had a dramatic impact on wheat productivity in Pakistan.
Widespread cultivation of the first semidwarfvariety, Mexipak, began in the
1966-67 cropping season, and by 1971 wheat production had nearly doubled
(Hanson et al. 1982).

Adoption (%)
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1966 68 70 72 74 76 78 80 82 84 86 88

Figure 3.1. Adoption of semidwarf wheat in Pakistan, 1965·88.
Source: Ministry of Agriculture, Pakistan.

1 As ()f 1980,72% of Pakistan's 105 million inhabitants lived in rural areas.

2 The most common convention in Pakistan is to denote farms ofless than 5 ha (12.5 acres) as
small. That convention is adopted here.
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Mexipak was primarily suited to the irrigated areas of Pakistan, where the
assured water supply allowed the full potential of the variety to be achieved.
Adoption ofMVs in the irrigated areas proceeded rapidly, starting with the
Indus River Basin of the Punjab and Sindh Provinces and then moving into
other irrigated areas ofthe country. By 1971, semidwarfwheat was cultivated
on 75% of total irrigated wheat area (Figure 3.1). A considerable body of evi
dence indicates that adoption of MVs and associated technologies occurred first
on large farms, but within a few years small farms had "caught up" in terms of
adoption and levels of input use per hectare (Eckert 1970, Lowdermilk 1972).
At present, practically all wheat cultivated on irrigated land is semidwarf
varieties.

Table 3.1. Area, yield, and production of major crops grown in PakistanB

Period Wheat Cotton Rice Sugarcane

Area (000 ha)

1960-64 4,984 1,400 1,245 471
1965-69 5,774 1,693 1,480 582
1970-74 5,934 1,915 1,511 608
1975-79 6,494 1,906 1,884 756
1980-84 7,241 2,210 1,977 897
1985-88 7,536 2,514 1,984 815

Trend growthb 1.6% 2.3% 1.9% 2.2%

Yield (tJha)

1960-64 0.83 0.26 0.95 33.65
1965-69 0.99 0.29 1.16 38.22
1970-74 1.22 0.34 1.53 35.59
1975-79 1.44 0.29 1.56 37.03
1980-84 1.60 0.34 1.68 37.44
1985-88 1.76 0.54 1.62 39.19

Trend growthb 3.0% 2.9% 2.1% 0.6%

Production (000 t)

1960-64 4,153 358 1,179 15,849
1965-69 5,716 492 1,723 22,258
1970-74 7,222 649 2,312 21,646
1975-79 9,344 545 2,941 27,994
1980-84 11,556 758 3,331 33,580
1985-88 13,246 1,353 3,212 31,947

Trend growthb 4.6% 5.3% 4.0% 2.8%

Source: Pakistan Economic Survey, 1988-89.
a Annual averages for each of the periods considered.
b Average annual percentage changes between the first and last period.
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The spread ofMVs to rainfed areas began in the mid-1970s with the release of
the variety Lyallpur-73.3 Adoption proceeded at a somewhat slower pace than
in the irrigated areas, and yield improvements were considerably smaller.4

Rates of adoption varied considerably as well, depending primarily on the
amount and variability of annual rainfall. In areas with more assured rainfall,
adoption was relatively rapid. In contrast, cultivation of lower yielding but
more drought-tolerant traditional varieties is still quite common on a consider
able proportion of the wheat area in locations with low or variable annual
rainfall.5

Subsequent breeding research has led to the release of a large number of
varieties since 1971 (32 in the Punjab alone). Following severe rust epidemics
in the 1970s, considerable attention was paid to increasing varietal resistance
to evolving rust pathogens. Additionally, increased cropping intensities in
double-cropped farming systems resulted in delays in wheat planting and
encouraged the development of varieties better adapted to late planting.
Finally, breeding research in Pakistan and elsewhere has contributed to the
continuing enhancement of the genetic potential of post-Green Revolution
releases available in Pakistan. The 1% annual rate of yield gain in these newer
releases, although well below the very high rates enjoyed during the Green
Revolution period, has been quite respectable by world standards (Byerlee and
Siddiq 1990).

Improved Rice and Cotton Varieties
The 1980s witnessed the development of rice and cotton varieties that greatly
altered both the productivity of these crops individually and the cropping
patterns in the farming systems in which they are grown. These farming
systems-the rice-wheat zone of the Punjab, and the cotton-wheat zones of both
the Punjab and Sindh-account for nearly 60% of Pakistan's irrigated wheat
output.

3 Interestingly, Lyallpur-73 was developed and tested in the irrigated areas ofthe Punjab
but was never particularly popular there. Its adoption in rainfed areas is related to its
tolerance to drought stress and to the fact that it is somewhat taller than most semidwarf
varieties, and hence a better source of livestock fodder.

4 Using data from on-farm trials, Nagy (1984) calculated the yield advantages from adoption
of improved varieties in rainfed and irrigated land to be 16% and 45%, respectively.

5 Recent survey data collected by Munir and Ahmed indicate that, in areas of the Punjab
receiving less than 500 mm of rainfall per year, traditional varieties are sown on up to 60%
of total wheat area (Ahmed, pers. comm.). The primary reason given by farmers for
growing traditional varieties was their superior performance under drought conditions
due primarily to the ability of traditional varieties to germinate when planted at a greater
soil depth. Consumption preferences and fodder quality were also mentioned as important
factors.
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In the rice-wheat zone of the Punjab, high-quality Basmati rice is an important
cash crop grown by a majority of farmers. A high-yielding, shorter duration
variety (Basmati-385) was first introduced in 1986. Its adoption was very rapid,
with approximately two-thirds of the total rice area in the Punjab rice-wheat
zone planted to Basmati-385 within three years of its initial release (Sharifet
al. 1991). Basmati-385 yields up to 50% more than previously released Basmati
varieties, primarily because of its superior responsiveness to nitrogenous
fertilizer. Its shorter duration allows for more timely planting of wheat, thereby
enhancing wheat production as well.

In cotton-growing areas, three early maturing cotton varieties have been
released since 1980. These varieties produce higher yields and have a shorter
growing season than previous varieties, and have been adopted by nearly all
farmers. Their diffusion has accelerated a trend toward increased cropping
intensity in the cotton-wheat systems. This trend began with the introduction
of semidwarf wheats that were of shorter duration than the taller traditional
wheat varieties, but appears to have intensified with the release of shorter
duration cotton varieties (Tetlay et al. 1990).

Fertilizer Use
Along with the development and spread of semidwarf wheat, fertilizer was an
important component of Pakistan's wheat revolution of the late 1960s. As
shown in Figure 3.2, fertilizer ofRake increased dramatically, starting when
Mexipak was introduced. Prior to that time, fertilizer use had been minimal in
most parts of the country. Between 1966 and 1976, 90% of chemical fertilizer
applied in Pakistan was nitrogenous. Subsequently, use of phosphatic fertiliz
ers increased sharply; by 1986 phosphatic fertilizers accounted for 40% of total
nutrients applied to wheat (Byerlee and Siddiq 1990).

The pattern of adoption of fertilizer by farmers in irrigated and rainfed areas
was similar to that of MV wheat. Widespread fertilizer use in irrigated areas
occurred somewhat before rainfed areas. Likewise, large farmers generally
were the early adopters of the technology, but small farmers rapidly caught up
(Eckert 1970).6 Currently, use ofboth nitrogenous and phosphatic chemical
fertilizers on wheat is moderate to high in most parts ofPakistan~nthe order
of 45 kg of total nutrients per hectare in rainfed areas, and over 150 kg per
hectare in irrigated areas (Sharif, pers. comm.).7

6 Additionally, Chaudhry (1982) notes that even when significant differences in per-hectare
use of inorganic fertilizer existed between small and large farmers, the greater use of
animal manures by small farmers meant that the soil-nutrient balance on small fanns was
as good or better than on large fanns.

7 Adoption is less than complete only in low-rainfall rainfed areas. Hobbs et al. (1991) found
that 18% offarmers in the low-rainfall zone of the rainfed Punjab do not use any chemical
fertilizers.
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Mechanical Technologies
Between 1964 and 1976, the availability of irrigation water in the post-rainy
season doubled. Completion of the Tarbela and Mangla dams led to a 50%
increase in canal irrigation water during this period. Even more dramatic was
the exploitation of the groundwater supply, as the number of private tubewells
skyrocketed (Figure 3.2). By 1976, groundwater provided nearly half of post
rainy season water supply. Exploitation of groundwater supplies has continued
up to the present, although installation of new tubewells slowed during the
1980s. Currently, tubewell water accounts for 60% of total post-rainy season
water supply (about 80% of which is used on wheat).

The expansion of Pakistan's irrigation infrastructure has had important effects
on the production of wheat and other crops in a number of ways. Much of the
increase in water supply was used to convert rainfed land to irrigated land. It
also led to increased water availability for irrigated crops.s Finally, tubewells
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Figure 3.2. Use of fertilizer, tractors, and tubewells in Pakistan, 1966-88.
Source: Economic Survey, 1988-89.

8 Byerlee and Siddiq (1990) estimate that average irrigation water supply to wheat rose from
47 cm/ha to 67 cm/ha over this period.
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have had a major impact on cropping intensity in a number of Pakistan's more
important farming systems (Lockwood 1983, Tetlay et a1. 1990). The increase in
cropping intensity has had mixed effects. On the one hand, it has led to an
increase in total production of all crops in double-cropPed systems. On the
other hand, it has also tended to delay wheat planting in some ofPakistan's
more important farming systems (especially the rice-wheat and cotton-wheat
systems of the Punjab). This conflict has had a negative impact on wheat yields
in these areas.

Figure 3.2 also indicates the steady increase in the number of tractors in
Pakistan. By the 1980s tractors had become the dominant power source for
land preparation. Additionally, tractors were used to power stationary me
chanical threshers; these currently account for 97% of all wheat threshing
(CIMMYT 1989d).

There is no evidence that tractors contributed to yield improvements in
Pakistan (McInerney and Donaldson 1975). However, a number of studies
suggest that the use of tractors in South Asia generally led to modest increases
in cropping intensity on the order of 10% or less (Binswanger 1978, Jayasuriya
et al. 1986, Tetlay et al. 1990). The most important impact oftractorization,
however, was that it increased the amount ofland that one farmer could
cultivate, at the same time decreasing the amount of labor used per hectare.
One consequence of this was significant displacement of laborers and tenants
(McInerney and Donaldson 1975). This situation was exacerbated by the
Agricultural Development Bank of Pakistan's program of providing loans for
the purchase of tractors. A disproportionate share of these loans went to large
scale farmers; as a result tractor ownership and tractor use were confined to
large-scale farmers for a much longer period than was the case for more divis
ible inputs (e.g., seed and fertilizer). Over time, tractor rental markets devel
oped, and access to mechanical traction has become more widespread (Hobbs et
al. 1991). Currently, tractors are the primary source ofland preparation on
75% of all farms in Pakistan (CIMMYT 1989d).

Crop Management Practices
A recent study by Byerlee (1990) argues that the relatively easy productivity
gains brought about by the seed-fertilizer technologies of the Green Revolution
have been exhausted, and that future yield gains will need to come from
increasing the technical efficiency of resource use. This argument highlights
the importance of changes in cultural practices that might be developed
through crop management research. In Pakistan, three such practices promise
to significantly increase wheat yields and/or reduce the cost of wheat produc
tion. They include: (1) zero tillage; (2) use of chemical herbicides to control
weeds; and (3) deep tillage using a moldboard plow. The potential effects of
these practices on yields and input use are summarized in Table 3.2.
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Zero tillage is suited to irrigated farming systems in which increased cropping
intensity has led to delays in wheat planting.9 These include the rice-wheat
and cotton-wheat systems of the Punjab. In trials conducted over a number of
years in the Punjab rice-wheat zone, Aslam et al. (1989) found that zero tillage
increased yields by an average of 24%, while at the same time reducing land
preparation costs by 87%. Zero tillage is currently practiced by only a very few
farmers in the Punjab.

For reasons that are not well understood, the 1980s witnessed a dramatic
propagation of weeds (especially Phalaris minor) in many of Pakistan's irri
gated farming systems. In these areas, up to one-third of all fields may be

Table 3.2. Impacts on wheat yields and input use of selected crop management
technologies currently available in Pakistana

Net impact on:
Other

Wheat Labor input
Technology Target area yield use use

Zero tillage Irrigated areas,
especially where
cotton and rice +24.0% +0.3% -21.0%
are double-cropped
with wheat

Chemical Irrigated areas,
weed controlb especially where

a rice-wheat +40.0% +12.6% +7.0%
rotation is the
dominant cropping
pattern

Deep tillage Rainfed areas,
especially those
receiving less +28.6% +8.6% -8.7%
than 700 mm of
rainfall per year

a Impacts on yield and input use in irrigated areas were taken from Aslam et al.
(1989), while those for rainfed areas were taken from Razzaq et al. (1990). For input
demand impacts, data from these sources were combined with information on labor
and other input use contained in Rauf et al. (1984) and in the PERI Farm Accounts
and Family Budgets publications.

b Impacts on yield and input use for weed-infested fields only.

9 In Pakistan, the rule-of-thumb measure of wheat yield losses resulting from late planting is
that yield declines by 1% for every day after 30 November that wheat is planted.
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severely infested, causing yield losses of up to 500 kg/ha. Chemical herbicides
have been demonstrated to be quite effective in eliminating these weeds,
thereby improving yields by up to 34% (Aslam et al. 1989). Nevertheless,
farmers currently employ little chemical weed control, although the practice
seems to be gaining in popularity.

In rainfed areas, deep tillage with moldboard plows has resulted in significant
yield increases in areas where the practice has been used. Its beneficial impact
on yields is primarily attributable to better rooting associated with breaking up
the compacted soil below the plow pan, and to improved conservation of avail
able moisture. In long-term on-farm trials conducted between 1982 and 1987,
Razzaq et al. (1990) found that on average deep tillage increased wheat yields
by 28.6%. At the same time, the practice reduces land preparation costs, as
tillage with a moldboard plow requires fewer passes over a field than conven
tional cultivators. Currently, it is estimated that 28% offarmers in the low
rainfall zone of the Punjab use moldboard plows; the practice is not found in
other rainfed areas, however (Hobbs et al. 1991).

Policy Interventions in the Market for Wheat

The government of Pakistan has traditionally played a major role in the mar
ket for wheat, thereby affecting the transmission of indirect effects of techno
logical change to various types ofhouseholds. Government intervention has
taken three basic forms: (1) purchasing wheat at a guaranteed procurement
price; (2) providing subsidies on key inputs used in producing wheat and other
crops; and (3) subsidizing the price of wheat flour to urban consumers. The
nature and effects of these interventions are reviewed below.

Producer Price and Input Subsidy Policies
The government of Pakistan typically procures about half of all marketed
wheat. IO The government procurement price of wheat is usually announced at
planting time. This is a floor price, in the sense that farmers are not legally
compelled to sell to the government. Since the beginning of the Green Revolu
tion, the procurement price has dominated the market for wheat in irrigated
areas, however, in that the private (wholesale) wheat price has seldom differed
markedly from the procurement price (Pinckney 1989).

The procurement price is determined each year by the government on the
recommendation of the Agricultural Price Commission. Several factors are
involved in the final determination of this price, including the average cost of
production, expected trends in world prices, levels of wheat stocks, and, pre
sumably, the level of available government ~scal resources. Some authors
contend that, of these, cost of production is the dominant consideration (Momon

10 A considerable proportion of wheat output in Pakistan, on the order of 55%, is retained on
fanns for home consumption or for seed, or paid out to laborers (Thobani 1983).
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1988; Thobani 1983). By this view the procurement price is largely based on an
estimate ofth~ average cost of production plus a certain amount meant to
represent a "fair" return to farmers.

Real procurement prices in Pakistan also appear to have reflected prevailing
conditions in the world wheat market, particularly in the post-Green Revolu
tion period. Figure 3.3 shows trends in the real procurement price and the real
price of No. 2 Hard Red Winter wheat (f.o.b. Gulf ports) converted to rupees at
the official exchange rate. Throughout the post-Green Revolution period (1976
89), both prices have trended downward at the rate of about 1% per annum,
and a fairly strong positive correlation between the two prices (equal to .66)
exists. The procurement price has consistently been below the world price,
however, with the exception oftwo years in the mid-1980s. Furthermore,
because wheat imports and exports are exclusively controlled by the govern
ment, private traders are barred from engaging in arbitrage on world markets
to facilitate the transmission of world prices to producers. This explains the
persistence of the differential between the procurement and world prices since
1976.

Producers in Pakistan have benefitted from subsidies on fertilizers, credit,
irrigation water, and electricity, as well as government investment in irrigation
infrastructure. The distribution of the benefits of these subsidies has been
uneven. Obviously, subsidies and government investments related to irrigation
have not benefitted farmers in rainfed areas, except in those cases where
irrigation was provided to areas where previously it did not exist. Much of the
subsidized credit supplied by the Agricultural Development Bank of Pakistan
was tied to tractor loans. As mentioned earlier, a disproportionate share of
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these loans went to large-scale farmers, particularly in the early days of the
program. Subsidized fertilizer is nominally available to all farmers, although
there are generally some problems with distribution and timely availability.ll

Generally, input subsidies have not compensated wheat producers for the taxes
represented by the below-parity government procurement price and an over
valued exchange rate. Webb et al. (1990) estimate that between 1982 and 1987
the net tax on wheat producers equalled 30% of the average price that they re
ceived. Ifthe implicit tax from overvaluation of the rupee is disregarded, the net
tax on wheat producers during that period still amounted to just under 14% of
the procurement price.

Consumer Price Policy
Until 1988, the government of Pakistan operated a system of ration shops
offering wheat flour at highly subsidized prices. Households received quotas for
a specific quantity of rationed flour which could be purchased each month. The
rationed flour was predominantly purchased by urban consumers with easier
access to ration shops (Alderman et al. 1988). The ration shop system was
dismantled in 1988.

Prior to 1988, household consumption of wheat flour in excess of the ration
quota was purchased in retail markets at government-controlled prices; since
1988, nearly all flour consumed by urban consumers has been purchased in
retail markets. 12 Retail flour has traditionally been subsidized in several ways.
The marketing costs of wheat procured in Pakistan-including transportation,
milling, and distribution-are borne entirely by the government. Flour milled
from imported wheat is also explicitly subsidized when, as has been the case in
nearly all years, the retail price is held below import parity levels. The mainte
nance of an overvalued exchange rate has implicitly subsidized consumers
as well.

Webb et al. (1990) estimate that between 1982 and 1987 the subsidies passed on
to Pakistani wheat consumers equalled 45% of the price that consumers paid. Of
this amount, 69% is attributed to exchange rate overvaluation, 18% to the cost
of operating the ration shops, and the remaining 13% to government marketing
and distribution expenses. Thus, even after the dismantling of the ration shop
system, significant levels of consumer subsidies remain. Moreover, given that a
considerable amount of political capital was expended in the recent de-rationing
of wheat, it would appear unlikely that much latitude for further lifting of
consumer subsidies is available to the government, at least in the near term.

11 Distribution problems vary from region to region and from year to year. For instance, in
the 1989 crop year farmers in the irrigated Punjab complained that poor availability of
fertilizer caused many farmers to purchase nitrogenous and phosphatic fertilizers on the
black market at prices above the official price (M. Sharif, pers. comm.).

12 Rural consumers generally purchase flour in (uncontrolled) village markets.
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The Agricultural Labor Market

T.W. Schultz (1975) has pointed out that technological change in agriculture
results in a period of disequilibrium, as producers and laborers move from one
set of production relations to another. In the case of Pakistan, the Green Revolu
tion represents such an episode of disequilibrium, one that had profound effects
as rural labor and land markets adjusted to changing conditions. This section
investigates the dynamic behavior of the agricultural labor market over the past
25 years. First, the profound impacts of the wide adoption of bio-chemical and
mechanical technologies during the Green Revolution are examined.13 Next, the
effects of the post-1976 foreign employment boom are discussed. Finally, inter
regional differences in wage rates and rural-rural migration are considered.

The Green Revolution Period
Considerable evidence indicates that the bio-chemical technologies discussed
above led to an increase in labor use per hectare (Chaudhry 1982, Eckert 1970,
Lowdermilk 1972). The tremendous yield increases on fields planted with semi
dwarf wheat entailed significantly greater use of labor for crop care, harvesting,
and threshing. The increased use of fertilizer and water entailed greater de
mands for labor to apply these inputs. The increases in cropping intensity facili
tated by new varieties and the expansion of tubewell irrigation boosted labor
demand for all operations. Chaudhry (1982) estimates that in irrigated areas
labor input per hectare of wheat increased at the rate of 2.6% per year between
1964 and 1976. Roughly half of these increases resulted from increased cropping
intensity, with the other half resulting from the higher labor requirements
associated with seed-fertilizer technologies.

The effects of agricultural mechanization on demand for labor are more contro
versial. It is well documented that, in the initial stages of the diffusion of trac
tors, many tenants were displaced, as tractors enabled landowners to cultivate
greater amounts ofland themselves (McInerney and Donaldson 1975). There is
also evidence that a substantial shift in the composition of the agricultural labor
force occurred during the Green Revolution, whereby casual hired labor and
family labor supplanted permanent hired labor (Chaudhry 1982). These shifts
are reflected by the fall in real wages received by permanent hired labor be
tween 1966 and 1974 (see Table 3.3 below). This trend has been linked to mecha
nization by some authors (e.g., Irfan and Amjad 1986), although the 1972 land
reform restricting the amount of land that could be operated by absentee land
lords was probably partially responsible as well. 14

13 Throughout this discussion, the period extending from 1966 to 1975 will be referred to as
the ·Green Revolution period," while the term ·post-Green Revolution" refers to the period
from 1976 to the present.

14 While the land reform became effective in 1972, its effects would have preceded its
enactment because knowledge that a land reform was imminent dates to the election of
Bhutto in 1969.
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The direction of causality between changing tenancy and contractual arrange
ments on the one hand, and the rapid diffusion of tractors on the other hand,
has been the subject of a contentious debate in Pakistan. At the risk of oversim
plification, it appears that the debate features two views, one being that the
diffusion of tractors was induced by exogenous shifts in labor demand, and the
other being that increased tractor use was induced by policies that distorted
the relative prices of capital and labor. There appears to be some truth in both
of these views. An alternative perspective containing elements of each side of
the debate is offered here: it relates to the differing rates at which land rental
and labor markets adjusted to the disequilibria created by the rapid productiv
ity increases. At the time of the Green Revolution, share tenancy was the domi
nant land rental arrangement, with landlords and tenants receiving fixed
shares of output (typically 50% for each party). Over time, an increasing
proportion of rental contracts was put on a cash basis (Renkow 1991).15 The
evolution of rental arrangements from share tenancy to fixed rent occurred
relatively slowly, however, presumably because rental arrangements were
based on long-standing tradition. In contrast, labor markets adjusted quite
rapidly, as evidenced by sharp increases in real wages (see below). The implica
tion here is that, in this period of disequilibrium, landowners facing institu
tional rigidities in the land rental market began cultivating more land them
selves, partly by using greater amounts of hired and family labor and partly by
substituting mechanical labor for human and bullock labor. 16 Mechanization
was no doubt expedited by policies that encouraged the purchase of tractors
e.g., subsidized tractor loans. However, it seems likely that policy distortions
merely speeded the process, as opposed to inducing it.

While labor demand was growing at an annual rate of 2.6% per year during the
Green Revolution period, labor supply was increasing at about 1.7% per year.
The result was an upward pressure on real wage rates. Chaudhry (1982)
presents data indicating that real wages for casual laborers grew by 8% per
year between 1964 and 1969, and by 6.3% between 1969 and 1974. He also
reports that by 1974 labor shortages had made it difficult for cultivators to hire
sufficient labor for various operations.

15 Otsuka and Hayami (1988) point out that the choice of rental contract may be expected to
accompany changes in technology, market, or social conditions, with share tenancy giving
way to fixed rent where mechanisms for enforcing tenants' work effort are relatively
inefficient. In Pakistan, the increased complexity of agricultural production brought about
by the diffusion of bio-chemical and mechanical technologies made the enforcement of
share contracts more difficult: hence the movement from share tenancy to fixed rents over
time.

16 Data from the 1960 and 1972 agricultural censuses indicate that the total number of pure
tenant farms declined by over 35% during that 12-year period, while the total number of
owner-operated farms declined by about 21% during the same period. These data are
consistent with the contention that resumption of farming by absentee landowners was
significant during the Green Revolution period. However, due to differences in sampling
methodologies, the data from these two censuses may not be comparable.
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The Foreign Employment Boom
Beginning in the mid-1970s, large numbers of Pakistanis began migrating to
oil-producing countries of the Middle East. Estimates of the number of overseas
migrants vary. Irfan et al. (1982) surveyed a number of these estimates, con
cluding that 1.8 million Pakistanis had worked abroad as of 1979 and that 2.3
million Pakistanis were working overseas in 1981. The flow of emigrants
appears to have increased through the mid-1980s, judging from the level of
remittances from abroad (Figure 3.4).

According to official estimates, remittances from abroad averaged $2.5 billion
per year between 1979 and 1988, or 8.5% ofGDP.17 The massive infusion of
foreign exchange resulting from the foreign employment boom had profound
effects on all sectors of Pakistan's economy. Approximately 60% of all migrants
were from rural areas (lrfan et al. 1982). Even though the majority of remit
tance income was used for consumption expenditure and the purchase of
durables, considerable resources flowed into the agricultural sector in the form
of investment in agricultural machinery and the purchase of agricultural land
and land-improving inputs. In the Punjab, an estimated 13.4% and 3.4% of
remittance income was used for these purposes in irrigated and rainfed areas,
respectively (Rahman 1981).
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Figure 3.4. Real remittances from abroad, 1967·88.
Source: International Monetary Fund.

17 The official estimates almost surely understate the true level of remittances, as they only
cover cash remitted through official channels.
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The flow of workers out of rural areas exacerbated shortages in the supply of
agricultural labor, as reflected by the steady increase in real wages received by
casual laborers from the mid-1970s onward (Table 3.3).18 Importantly, this

Table 3.3. Real daily wages (1980 Rs/day) for casual labor and permanent hired
labor in the Punjab

Casual Casual Permanent hired labor"
labor in labor in

irrigated Pakistan Irrigated Rainfed
Year areasa (index)b areas areas Ratio

1966 n/a n/a 6.3 4.9 0.78
1967 n/a n/a 5.2 4.4 0.85
1968 n/a n/a 6.1 4.8 0.78
1969 n/a n/a 5.9 4.9 0.82
1970 10.4 100 5.9 4.9 0.83
1971 10.3 n/a 6.1 4.8 0.78
1972 9.8 105 7.2 5.8 0.81
1973 13.5 151 6.3 5.1 0.81
1974 15.1 160 5.7 4.6 0.81
1975 11.7 n/a n/a n/a n/a
1976 11.1 121 7.6 n/a n/a
1977 11.9 129 6.9 n/a n/a
1978 12.4 134 9.0 n/a n/a
1979 12.8 138 8.8 n/a n/a
1980 13.3 145 7.3 n/a n/a
1981 17.6 191 8.3 3.4 0.41
1982 17.5 186 10.8 n/a n/a
1983 16.3 215 n/a n/a n/a
1984 16.2 n/a 7.3 7.9 1.08
1985 17.2 n/a 7.7 8.3 1.07
1986 n/a n/a 10.1 12.8 1.26
1987 n/a 224 10.3 9.9 0.96

Trend growth rate (% per year)d

3.5* 4.4* 2.6* 3.4*

n/a = not available.
a Source: Jose (1988).
b Source: Husain (1990).
c Punjab only. Source: PERI, Farm Accounts and Family Budgets.
d Based on a semi-log trend regression. An asterisk denotes significance at the 1% level.

18 Data presented by Husain (1990) indicate that real wages in urban areas increased at rates
comparable to agricultural wages between 1970 and 1987. He argues that international
migration was also an important reason for urban wage growth.
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growth in real wages in the post-Green Revolution period probably occurred
after the labor market had adjusted to the disequilibrium conditions created
during the Green Revolution; that is, it is chiefly attributable to a shock that
was entirely exogenous to the agricultural sector. Coupled with the inflow of
investible funds, the outflow of laborers no doubt contributed greatly to the
diffusion of tractors and threshers.

Rural-Rural Migration
An issue that deserves some consideration here is the extent to which inter
regional differences in the growth of agricultural productivity contributed to
rural-rural migration in Pakistan. In particular, it would be of interest to
determine the extent to which significant migration of laborers from rainfed
areas to irrigated areas occurred during the Green Revolution period, when
adoption of seed-fertilizer technologies was largely confined to the irrigated
areas.

Data on internal migration in Pakistan are limited. The best source on the
subject is a study conducted by the Pakistan Institute of Development Econom
ics (PIDE) in 1979 (Irfan et al. 1982). This study collected data on internal
migration of all sorts (rural-rural, rural-urban, urban-urban, and urban-rural).
Interestingly, it was found that rural-rural migration accounted for the largest
share (about 40%) of internal migration during 1965-73 and 1972-79. Excluding
migration of women for marriage, 62% of rural-rural migration was within
districts, while 33% was between districts and only 5% was across provincial
boundaries.

The PIDE study does not report reasons for migration; neither does it contain
information on migration from rainfed to irrigated areas. 19 Alternatively, one
might compare the behavior of wages in rainfed and irrigated areas to see
whether a narrowing of wage differentials occurred over time-presumably an
outcome of interregional labor market equilibration. Disaggregated data on
wage rates for casual labor are also unavailable; however, annual farm man
agement survey data from the Punjab Economic Research Institute (PERl)
contain information on the wages of permanent hired labor in rainfed and irri
gated areas of the Punjab.20 These data are presented in Table 3.3. Between
1966 and 1974, real wages for permanent hired laborers trended downward in
both areas, with wages in rainfed areas remaining at about 80% of those in

19 Additionally, data from various censuses reveal no differences in the population growth
rates between favored and marginal areas, although this information would not shed light
on temporary migration. .

20 These data should be interpreted with caution, however, because (1) permanent hired
laborers receive non-monetary benefits (e.g., free meals) that may not be adequately
accounted for; and (2) they engage in diverse activities-some of which are unrelated to
agriculture per se-thus making it difficult to ascertain wage rates per unit of time.
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irrigated areas. In the post-Green Revolution period, interregional differences
in wages of permanent hired laborers essentially disappeared, as wage growth
in rainfed areas exceeded wage growth in irrigated areas.

Combined with the evidence that substantial rural-rural migration occurs in
Pakistan, the equalization of wage rates for permanent hired labor across
regions offers limited support for the hypothesis that labor migration served to
distribute the benefits of differential growth in productivity from more produc
tive to less productive areas. However, lacking information on the wage rates of
casual labor, this evidence must be regarded as suggestive at best. At least two
additional factors may well account for the dynamics of the wage rates of
permanent hired laborers. First, the post-Green Revolution period corresponds
to the period of diffusion of seed-fertilizer technologies in rainfed areas. Thus,
the growth of real wages in rainfed areas may have mirrored labor market
changes occurring in the irrigated areas during the Green Revolution. Second,
the effects of the foreign employment boom on real wages in both areas are
likely to have dominated the effects of agricultural labor demands in determin
ing agricultural wage rates. It is widely held that the largest share of overseas
workers originated from rainfed areas (Rahman 1981). If this is true, then one
would expect that labor shortages (and associated increases in real wages)
would have been more pronounced in rainfed areas for all categories of
worker.

Finally, it is instructive to compare the dynamic behavior of real agricultural
wages in Pakistan with trends in agricultural wage rates in India. In India,
rapid productivity improvements in the irrigated areas of the wheat-producing
states of Haryana and the Punjab during the Green Revolution induced large
movements of temporary migrant laborers from other parts of the country
(Dhar 1980). While real wages grew substantially in the Punjab and Haryana
during the early stages of the Green Revolution, real wages remained constant
(or even fell) between 1970 and 1984 (Acharya 1989, Jose 1988, Sidhu and
Byerlee 1991). Presumably, this is due in large measure to the inflow of tempo
rary migrants and mechanization. The Indian situation contrasts markedly
with the Pakistani case, in which real wages have steadily increased in all
areas since the mid-1970s. In all likelihood, the most important reason for this
difference has been the profound effects of the foreign employment boom on
Pakistani labor markets.

Technological Change and Agricultural Land Markets

Widespread adoption of improved technologies has potentially important
consequences for land values-both land prices and land rents. In theory, the
diffusion of a sustainable technology that increases profits per unit of land
represents an increase in the expected value of current and future income flows
generated by land. Diffusion of the technology will thus drive up the derived
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demand for land such that land rents rise. Moreover, since land prices are in
large measure the capitalized value of current and expected returns to land
(i.e., rents), these too will be driven up by technological change.

For a recent study, the CIMMYT Economics Program collected time-series data
on agricultural land prices and land rents in two regions of the Punjab-a
rainfed area in the western part of the province and the irrigated rice-wheat
zone (Renkow 1991). Figure 3.5 summarizes the dynamic behavior of real land
rents and real land prices in these two areas. There it may be seen that in both
areas productivity increases have led to greater returns to land in the form of
higher real land rents, and that these have been capitalized into higher real
land prices.

Also evident in Figure 3.5 is a divergence ofland prices and land rents, particu
larly since the mid-1980s. This divergence is the result of non-productivity
factors driving up the price of agricultural land. Such non-productivity factors
might include speculative demands for land for non-agricultural uses and the
purchase of agricultural land for investment when investible funds are avail
able. It was found that since 1967 non-productivity factors have accounted for
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Figure 3.5. Indices of real land rents and land prices in the Punjab, 1968-89.
Source: Renkow (1991).
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30% of the observed land price increases in both areas. One particularly impor
tant non-productivity factor likely to have driven up real land prices in the
post-Green Revolution period has been the use of remittances from abroad to
purchase agriculturalland.21

Despite the importance of non-productivity factors, it is clear that continuing
increases in agricultural productivity have played the key role in the continu
ing rise in land prices, at least in the areas of the Punjab surveyed. Judging
from the timing ofobserved increases in prices and rents, it appears that
mechanization, improved seed of wheat (and rice in the rice-wheat zone),
increased fertilizer use in irrigated areas, and changes in agronomic practices
in rainfed areas have all contributed to increases in real land values. This long
term appreciation of real land prices has enhanced the wealth of landowning
rural households in both rainfed and irrigated areas.

The Dynamics of Rural Income in Pakistan, 1965-87

The preceding sections of this chapter outlined the nature of technological
change in agriculture and the behavior of key agricultural markets in Pakistan
over the past 25 years. In this section, attention is focused on the impacts that
these have had on the incomes of rural households. The analysis uses data
contained in annual farm management and family budget publications issued
by PERI. These contain information on costs and returns of crop production for
small and large farms in both the irrigated and rainfed areas of the Punjab.
They also allow computation of household income from various sources (crop
production, family labor, and other activities) for both landed and landless
households. The data are somewhat choppy in terms of the years for which
they were available and the depth of coverage of the production environments
and household types of interest.22 They nonetheless reveal important long-term
trends in rural incomes in Pakistan.

Profits from Crop Production
Table 3.4 depicts real profits per hectare from crop production between 1965
and 1987. These were computed as value of total crop production less variable
costs. Variable costs included all purchased inputs plus the imputed value of
family labor and farmyard manure produced and used on the farm. The im-

21 This is supported by the fact that, since the beginning of the foreign employment boom in
1976, non-productivity factors have accounted for up to 50% of real land price increases in
both rainfed and irrigated areas.

22 The crop years for which these publications were available are: 1965-71, 1976-82, and 1984
87. The data are probably more reliable for irrigated areas than for rainfed areas. Sample
sizes in the irrigated areas were larger, and mostly the same villages were surveyed each
year. In contrast, sample sizes were smaller in the rainfed areas (particularly in the earlier
years) and the specific villages surveyed changed on occasion.
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puted rental value of farmers' own land was not included in variable costs.
Thus, the values in Table 3.4 represent per-hectare returns to land and
management.

While profits per hectare exhibited considerable variability for all groups-no
doubt largely attributable to annual variations in weather-some clear trends
are evident. For the entire 1965-87 period, per-hectare profitability grew at an
annual rate of 2.7% for large farms in both irrigated and rainfed areas.23 Profits
per hectare trended downward slightly for small irrigated farms, and consid
erably for small rainfed farms (although neither of these trends was signifi
cantly different than zero at the 10% level).

Table 3.4. Real per-hectare profits (constant 1980 Rs/ha) from crop production
in the Punjab, 1965-87

Rainfed areas Irrigated areas
Small Large Small Large

Year farms farms farms farms

1965 -74 207 1,615 1,089
1966 704 296 1,755 1,259
1967 796 359 2,145 1,132
1968 65 151 1,918 1,117
1969 748 310 2,117 1,280
1970 1,814 446 1,830 1,228
1971 2,842 846 5,442 2,246
1972 n/a n/a n/a n/a
1973 n/a n/a n/a n/a
1974 n/a n/a n/a n/a
1975 n/a n/a n/a n/a
1976 109 152 1,444 1,825
1977 269 584 2,338 1,957
1978 331 458 2,209 2,181
1979 216 510 2,670 2,408
1980 329 501 2,107 2,248
1981 523 732 3,310 2,296
1982 1,826 846 2,374 1,786
1983 n/a n/a n/a n/a
1984 501 138 2,973 3,278
1985 311 527 1,717 2,339
1986 736 634 1,169 1,087
1987 -526 426 1,417 1,634

Trend growth of profits per hectare (% per year)8

-2.7 2.7 -0.4 2.7**

Source: PERI, Farm Accounts and Family Budgets.
n/a =not available.
a Based on semi-log trend regressions. Two asterisks denote significance at the 5%

level.
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The boost in farm profits that occurred in Pakistan's irrigated areas during the
Green Revolution period has been well-chronicled. Chaudhry (1982) notes that
between 1966 and 1970 per-hectare profitability nearly doubled for small farms
and rose by over 50% for large farms. He further notes that rainfed farms
enjoyed similar gains in profitability, a fact which he attributes to mechaniza
tion and favorable weather occurring in rainfed areas during those years.

Figure 3.6 shows per-hectare profitability for the post-Green Revolution period
(1976-87). In both irrigated and rainfed areas, per-hectare profits followed an
upward trend into the 1980s which was reversed before the end of the decade.
Declining farm profitability in the Punjab during the 1980s has been noted in a
paper by Ahmed and Chaudhry (1987). They attributed it to the combination of
declining real prices for agricultural commodities, a rise in the general price
level, and a slower rate of technological progress. Figure 3.6 also indicates that
the per-hectare profitability of small farms has fallen more steeply than that of
large farms during the 1980s, particularly in irrigated areas. A possible expla
nation for this is that more labor-intensive small farms were more negatively
affected by increases in wages that accompanied the foreign employment boom
during this period.24
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Figure 3.6. Real farm profits per hectare in the Punjab, 1976-87 (three-year
moving averages, centered on the year given on the x-axis).
Source: PERI.

23 These positive trends were significant for irrigated farms, but not for rainfed farms.
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24 It will be noted that there is some disparity betweerr the time paths of land rents depicted
in Figure 3.5 and profits per hectare in Figure 3.6. This is especially the case for irrigated
areas in the post-Green Revolution period, where rents trended upward throughout the
entire period while profits trended downward after 1982. It should be recognized, however,
that the land rental data used apply only to the rice-wheat zone, an area in which the
adoption of Basmati-385 greatly enhanced profitability (and presumably the average rental
value of land). On the other hand, the returns to profits data apply to the entire irrigated
Punjab.



Rural Household Income
Table 3.5 presents time-series data on average real household income for
landless, small farm, and large farm households in both rainfed and irrigated
areas. In irrigated areas, incomes of large farm households exceeded incomes of
other household types by a wide margin in all years. Likewise, incomes of small
farm households have consistently been larger than the incomes of landless

Table 3.5. Real income (constant 1980 as per household) of rural households in
~~A Punjab, 1985-87

Rainfed areas Irrigated areas
Small Large Small Large

Year Landless farms farms Landless farms farms

1965 4,914 3,835 7,928 2,502 21,751 34,312
1966 7,961 9,201 38,212 5,811 20,664 37,208
1967 6,744 8,891 21,785 6,594 22,237 30,985
1968 7,053 8,333 17,520 7,117 21,828 32,022
1969 6,333 8,318 18,531 6,812 24,171 33,105
1970 6,102 13,356 23,540 7,010 24,291 35,474
1971 6,541 14,475 23,587 6,958 33,213 43,272
1972 n/a n/a n/a n/a n/a n/a
1973 n/a n/a n/a n/a n/a n/a
1974 n/a n/a n/a n/a n/a n/a
1975 n/a n/a n/a n/a n/a n/a
1976 12,837 6,128 7,000 12,134 21,190 25,517
1977 17,033 6,691 15,648 11,345 27,822 54,591
1978 20,556 8,541 16,090 14,245 26,076 49,264
1979 14,662 8,074 16,452 13,466 26,169 50,180
1980 6,812 5,842 10,092 12,930 13,646 32,454
1981 n/a 6,073 10,250 n/a 29,825 95,365
1982 17,168 16,183 17,505 11,835 18,124 37,291
1984 16,996 20,452 24,323 8,428 20,137 45,001
1985 n/a 20,999 20,371 n/a 13,805 48,850
1986 23,856 27,805 34,248 11,189 14,938 41,993
1987 26,913 24,342 32,175 11,663 14,645 42,940

Average 12,655 12,086 19,737 9,377 21,918 42,768

Trend growth of income (% per year)-

1965-87 6.6*** 4.4*** 0.8 4.6*** -1.7** 1.7*
1976-87 5.1 14.9*** 10.4*** -1.7 -5.3** 1.0

Source: PERI, Farm Accounts and Family Budgets.
n/a =not available.
a Based on semi-log regressions. One, two, and three asterisks denote significance at

the 10%, 5%, and 1% levels, respectively.
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Rural Household Income
Table 3.5 presents time-series data on average real household income for
landless, small farm, and large farm households in both rainfed and irrigated
areas. In irrigated areas, incomes oflarge farm households exceeded incomes of
other household types by a wide margin in all years. Likewise, incomes of small
farm households have consistently been larger than the incomes of landless

Table 3.5. Real income (constant 1980 Rs per household) of rural households in
:'~"I PuDjab, 1986-87

Rainfed areas Irrigated areas
Small Large Small Large

Year Landless farms farms Landless farms farms

1965 4,914 3,835 7,928 2,502 21,751 34,312
1966 7,961 9,201 38,212 5,811 20,664 37,208
1967 6,744 8,891 21,785 6,594 22,237 30,985
1968 7,053 8,333 17,520 7,117 21,828 32,022
1969 6,333 8,318 18,531 6,812 24,171 33,105
1970 6,102 13,356 23,540 7,010 24,291 35,474
1971 6,541 14,475 23,587 6,958 33,213 43,272
1972 n/a n/a n/a n/a n/a n/a
1973 n/a n/a n/a n/a n/a n/a
1974 n/a n/a n/a n/a n/a n/a
1975 n/a n/a n/a n/a n/a n/a
1976 12,837 6,128 7,000 12,134 21,190 25,517
1977 17,033 6,691 15,648 11,345 27,822 54,591
1978 20,556 8,541 16,090 14,245 26,076 49,264
1979 14,662 8,074 16,452 13,466 26,169 50,180
1980 6,812 5,842 10,092 12,930 13,646 32,454
1981 n/a 6,073 10,250 n/a 29,825 95,365
1982 17,168 16,183 17,505 11,835 18,124 37,291
1984 16,996 20,452 24,323 8,428 20,137 45,001
1985 n/a 20,999 20,371 n/a 13,805 48,850
1986 23,856 27,805 34,248 11,189 14,938 41,993
1987 26,913 24,342 32,175 11,663 14,645 42,940

Average 12,655 12,086 19,737 9,377 21,918 42,768

Trend growth of income (% per year)-

1965-87 6.6*** 4.4*** 0.8 4.6*** -1.7** 1.7*
1976-87 5.1 14.9*** 10.4*** -1.7 -5.3** 1.0

Source: PERI, Farm Accounts and Family Budgets.
n/a =not available.
a Based on semi-log regressions. One, two, and three asterisks denote significance at

the 10%, 5%, and 1% levels, respectively.
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households, although this difference has narrowed in the post-Green Revol-
ution period. In rainfed areas, the relative levels of real incomes across household
types mirrored those in irrigated areas during the Green Revolution period.

Since 1976, however, the income levels of landless households have generally
been as large (or larger) than small farm households, and in some years have
even exceeded the incomes oflarge farm households. Interestingly, since 1982
incomes ofboth small and large farm households (and in most years landless
households) in rainfed areas have exceeded the incomes of irrigated small farm
households.

Figures 3.7 and 3.8 depict trends in real incomes across household types.
Figure 3.7 indicates distinct regional differences in the time paths of incomes
for landless households. In irrigated areas, the incomes of landless households
grew during the Green Revolution period, but have remained fairly constant
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Figure 3.7. Real income of landless rural households in the Punjab, 1965-87.
Source: PERI.
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since 1976. On the contrary, real incomes oflandless households in rainfed
areas were relatively constant during the Green Revolution period, but have
risen dramatically since 1976.24

A likely explanation for these interregional differences in the post-Green
Revolution period is that participation in non-agricultural labor markets by
members of landless households in rainfed areas was greater than participation
by landless households in irrigated areas. Poorer households in rainfed areas
are generally considered to have supplied the greatest share of the laborers
who emigrated during the foreign employment boom of the late 1970s and
1980s (lrfan et al. 1982). Consequently, remittances from abroad may explain a
significant portion of the observed real income growth of landless households in
rainfed areas. Additionally, rainfed areas have traditionally been more impor
tant than irrigated areas as a source of labor supply for non-agricultural
sectors of Pakistan's economy (Rahman 1981). Thus, these households probably
benefitted from the general expansion of the economy to a greater extent than
their counterparts in irrigated areas.

Figure 3.8 indicates striking real income growth for farm households in rainfed
areas during the post-Green Revolution period. During this same period, real
income growth for large farm households in irrigated areas was much more
modest, while incomes trended downward for small farm households in irri
gated areas. In conjunction with the fact that farm profits have been falling in
the post-Green Revolution period, this suggests that non-agricultural sources
of income have been more important for farm households in rainfed areas than
for those in irrigated areas.

This is confirmed in Figure 3.9, which shows the components of household
income for farm households in four different time periods between 1965 and
1987. In irrigated areas, profits from cropping activities have been the domi
nant source of total household income in all periods, accounting for 50-61% of
small farm household income and 50-66% oflarge farm household income. In
rainfed areas, the share ofhousehold income from crop production has steadily
fallen since 1971 for both small and large farm households. Whereas crop
production activities accounted for about 50% of large farm household income

24 Up to 1980, the PERI publications contain data that disaggregates these households by
primary income source (i.e., shopkeepers, menial laborers, artisans, and agricultural
laborers). Where available, the incomes ofthese various types oflandless households are
shown in Figure 3.7. Considerable differences in annual income are evident within groups.
In both rainfed and irrigated areas, agricultural labor'households have been consistently
the poorest of these various classes of households, while in all cases shopkeepers had the
highest incomes. Nonetheless, all landless households enjoyed significant real income
growth between 1965 and 1980. For example, annual income growth rates of households
whose primary source of income was agricultural labor were 4.5% and 5.7% in rainfed and
irrigated areas, respectively.
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from 1968 to 1971, this had fallen to 21% in 1984-87. This trend is even more
dramatic for small farms in rainfed areas; for these households the share of total
income from crop production fell from 58% in 1968-71 to only 5% in 1984-87.

The finding that the share of non-agricultural income in rainfed areas has been
so high in recent years is extremely important. Quite possibly the inhabitants of
these areas have sought out non-farm employment as a result of limited oppor
tunities within the agricultural sector-to some extent, the result of the limited
diffusion of improved technologies in these production environments.

Implications for Income Distribution
Rural income distribution in Pakistan is generally considered to be highly
unequal (Guisinger and Hicks 1978). Data presented on the dynamic behavior
of real incomes indicate a generally progressive trend in rural income distribu
tion over the past 25 years, both intraregionally and interregionally. This can
be seen in Figure 3.10, which shows indices of real incomes during four periods
between 1965 and 1987. With the exception of irrigated small farms, real income
growth has been greater for households that were initially poorer.

In an attempt to quantify these changes, Table 3.6 presents two measures of
relative income distribution across household types-the mean absolute differ
ence between average income levels of all household types and Gini coefficients
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Figure 3.10. Relative real incomes across household types in the Punjab,
1965-87.
Source: PERI.
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of income inequality. Both measures indicate significant improvements in
relative rural income distribution over time. One ought to bear in mind that
these measures mask differences within groups, and thus understate the
overall disparities in relative income distribution across the entire rural popu
lation. These differences within groups are likely quite large, as evidenced by
the differences between average incomes ofvarious types of landless house
holds shown in Figure 3.7.

Table 3.6. Measures of relative income distribution between rural hOWleholds
in the Punjab, 1965-87

.255 .110

.354 .145

.291 .120

.312 .129

.278 .128

.162 .075

.165 .101

.242 .093

.237 .092

.310 .133

.298 .127

.202 .091

Year

1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

Averages
1966-71
1976-80
1982-87

Gini
coefficient-

.443

.338

.296

.298

.317

.288

.324

Mean absolute
differenceb

.191

.146

.124

.127

.134

.127

.141

a Gini coefficients computed assuming a constant population share for each rural
household type.

b Mean of the absolute differences in group shares of total rural income over all cross
household comparisons.
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Increased agricultural productivity due to technological change appears to have
had little if any effect on this improvement in income distribution; rather, the
ability of poorer households to take advantage of opportunities outside the
agricultural sector is evidently more responsible. While income growth during
the Green Revolution period was significant for all household groups, relative
income levels across groups were not markedly altered. In the post-Green
Revolution period, real profits from crop production activities either fell or
remained relatively constant for all groups. Households in rainfed areas
whose members have participated more extensively than members of house
holds in irrigated areas in domestic and (especially) foreign labor markets
outside the agricultural sector-enjoyed significant real income growth, while
real incomes in irrigated areas fell or (in the case oflarge farm households)
grew slightly.

Two conclusions emerge from these observations. First, continuing increases in
agricultural productivity do not always translate into increases in agricultural
profitability. Government intervention in Pakistan's agricultural economy has
effectively subsidized consumers at the expense of producers. This is not to say
that enhanced productivity has not benefitted farm households in Pakistan; on
the contrary, without the impressive productivity gains achieved through
technological progress farm profits would no doubt have been much lower than
they were. Nonetheless, it appears that the cumulative effect of the matrix of
government agricultural policies has been to impede the ability of farm house
holds to improve their well-being.

Second, real income growth in rural Pakistan appears to have depended on the
ability of rural households to diversify out of agriculture. There is certainly
nothing intrinsically wrong with this, insofar as non-agricultural opportunities
continue to expand-although there may be significant social costs associated
with labor migration that are not captured in household income data. Ai; a
cautionary note, however, reliance on foreign labor markets as a major source
of employment opportunities may pose significant risks to an economy like
Pakistan's if those labor markets are sensitive to geopolitical upheavals. In this
regard, recent events in the Middle East serve as an ominous reminder that
employment opportunities in foreign labor markets may disappear as quickly
as they open up.
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4
Income Distribution Effects of

Alternate Scenarios of Technological
Change: A Simulation Analysis

In this chapter, the multi-market model developed in Chapter 2 is used to
simulate the impacts of various scenarios of technological change in Pakistan.
The analysis is forward-looking, addressing the following question: Given the
current nature of Pakistan's economy, what would be the effect on incomes and
income distribution of different regional patterns of technological progress in
wheat production?! Answering this question will allow some conclusions to be
drawn concerning the equity implications of alternative allocations of research
resources between Pakistan's irrigated and rainfed production environments.

Two sets of analyses are conducted, both of which assess the long-run impacts
of different regional patterns of technology adoption relative to a baseline case
in which no technological change occurs. The first set assumes that wheat
prices are free to adjust to changes in domestic supply and demand conditions,
while the second assumes that the government controls both producer and
consumer prices of wheat and wheat flour.

Parameter Selection for the Model

Implementation of the multi-market model developed in Chapter 2 required
assembling a sizeable set of parameters capturing the salient features ofthe
Pakistani economy. It is characteristic of models of this sort that their accuracy
in simulating the impacts of changes in a subset of exogenous variables de
pends to a great extent on the precision of the parameters used to initialize
them.2 The parameters used to initialize the current model were drawn en
tirely from existing secondary sources, ranging from micro-level farm manage
ment studies to aggregate statistics published by the government of Pakistan.
The farm-level data were primarily collected in the Punjab, while the more ag
gregate data invariably applied to Pakistan as a whole.3 To the maximum

1 The analyses in this chapter focus on changes in real household income, as opposed to changes
in economic surplus (as was the case in the partial equilibrium analyses of Chapter 2). This is
largely a matter of analytical convenience in that computing changes in real income is
relatively simpler than computing changes in economic surplus. At any rate, simulation of
changes in either measure of households' well-being would yield qualitatively similar results.

2 Appendix B provides detailed information on the sources and procedures used in compiling the
parameters used to implement the model, as well some analysis of the sensitivity of the model
to changes in the selected parameters.

3 The use offarm-Ievel data collected for rainfed and irrigated areas of the Punjab was dictated
by the lack of comparable data for other provinces. Conditions in the rainfed tract of the
Punjab are not markedly different than those in the adjacent rainfed areas ofNWFP,
Pakistan's other important unirrigated wheat-producing area. Greater heterogeneity exists in
Pakistan's irrigated areas. However, given the dominance ofthe irrigated Punjab in
agricultural production in general, and wheat production in particular, it was felt that using
data from the irrigated Punjab did not greatly compromise the generality of the results.
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extent possible, an attempt was made to collect parallel information on the
parameters of interest for both favored and marginal production environments.
Throughout, data pertaining to rainfed areas were used as a proxy for marginal
production environments, while data for irrigated areas were used as a proxy
for favored environments.

Much of the qualitative nature of the results ofthe simulation analyses is
explained by several key features of the Pakistani economy, features well
captured in the parametric configuration of the model. First, among the types
of households considered, large farm households in rainfed areas and both
small and large farm households in irrigated areas are net wheat producers,
while small farm households in rainfed areas are net wheat consumers (Appen
dix B, Table Rl).4 Thus, all other things being equal, an innovation that de
presses the price of wheat (say, through a shifting out of wheat supply) will
tend to have a more positive impact on the incomes oflandless, urban, and
rainfed small farm households-i.e., net consumers.

Second, approximately 84% of Pakistan's wheat output is produced in irrigated
areas. Thus, increasing the productivity in those areas will have a proportion
ately greater impact on such key aggregates as output, labor demand, and the
wheat price than increasing productivity in rainfed areas.

Third, profits from farming are a much more important component of total
income for farm households in the irrigated areas than those in the rainfed
areas (Appendix B, Table R7). Moreover, within each region, the share offarm
profits in total household income is larger for large farm households than for
small farm households. Consequently, any profit-enhancing technological
innovation will tend to affect more strongly the incomes oflarge farm house
holds and households located in irrigated areas. Additionally, available evi
dence indicates that the output offarms in irrigated areas is somewhat more
responsive to price changes (Appendix B, Table B.9). In simulations in which
supply increases exert downward pressure on the price of wheat, this attenu
ates the overall output effect of technological change in irrigated areas.

Fourth, patterns of input use across farm-size classes, while similar on a per
hectare basis, vary considerably on a per-farm basis between small and large
farms (Appendix B, Table B.4). Especially in the case of non-labor inputs,
impacts on overall input use are more strongly affected by the responses of
large farms than of small farms. At the same time, the bulk of agricultural

4 Throughout this analysis, the term "net producers" denotes households that produce more
wheat than they consume, whereas "net consumers" refers to households that consume
more wheat than they produce.
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labor is supplied by small farm households (especially in rainfed areas). Thus, a
change in real wages brought about by a new technology will affect the incomes
of small farm households to a greater extent than the other household types.5

Technological Change with Endogenous Wheat Prices

This section examines the impacts of technological change when the price of
wheat is endogenously determined by domestic supply and demand conditions.
In essence, this analysis assumes that the wheat economy is closed, although
some consideration is given to cases in which the government "injects" im
ported wheat into the market. These injections serve to depress the market
price of wheat. Also, because these are long-run scenarios, it is assumed
throughout that labor is mobile across regions.

The analysis focuses on the effects of technologies that are currently "on the
shelf' in Pakistan. The technologies considered are those discussed in Chapter
3. They include: (1) wheat varieties possessing greater yield potential due to
genetic improvement; (2) zero tillage in irrigated areas where double cropping
has led to late planting of wheat; (3) chemical herbicides in irrigated areas
infested with weeds; and (4) deep tillage in rainfed areas. The time frame for
the analysis was arbitrarily chosen to be 10 years.

It is assumed that yield increases due to breeding research amount to 0.75%
per year in irrigated areas and 0.3% per year in rainfed areas (7.8% and 3.0%
over 10 years). The figure for irrigated areas was computed by Byerlee and
Heisey (1990). It is based on an estimated 1% annual rate ofyield increase due
to breeding research, adjusted downward to reflect differences between experi
ment station yields and those on farmers' fields. The figure for rainfed areas is
half the rate of yield gain due to breeding research in dryland areas ofAustra
lia (CIMMYT 1989a).6

For the three crop management practices considered, it is assumed that at the
end of 10 years adoption levels will have reached 50% in areas where the
practice is applicable. For zero tillage, this includes irrigated areas in which
wheat is grown after cotton or rice (accounting for roughly 60% of irrigated

5 The share oflandless households in agricultural supply is small relative to landed
households in Pakistan. Therefore, impacts of technological change mediated through
changes in the agricultural labor market are not as important as would be the case if there
were a larger pool oflandless agricultural laborers (as in India, for example).

6 Actually, the figure selected for the rainfed areas is probably on the generous side in that
current prospects for successes in wheat breeding for Pakistan's drier rainfed areas are
bleak. Nearly all of the yield gains due to switching from traditional varieties to MVs have
been exhausted, while no varieties released specifically for rainfed areas have gained more
than a minor degree of acceptance by farmers.
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wheat area, nationally). For herbicide use, it is assumed that 20% of fields in
irrigated areas are infested with weeds.7 Finally, it is assumed that the use of
deep tillage expands from its current level of adoption on 3.2% of rainfed land
to encompass 50% of all rainfed area.

Yield improvements over 10 years implied by the assumed rates of genetic
improvement and adoption of crop management practices are 13.8% in the
irrigated areas and 16.4% in the rainfed areas. Tables 4.1 and 4.2 indicate the
implications ofthese technologies for labor and other input use. Taken as a
whole, adoption of the crop management technologies implies a net increase in
labor use and a net decline in the use of other inputs in the areas for which
they are suited. Both zero tillage and deep tillage significantly reduce the use

Table 4.1. Net impacts of genetic improvement (GI) and 50% adoption of zero
tillage (ZT) and chemical weed control (W) on input use in irrigated areas over
10 years

Share in Share in
total Percent change other Percent change in
labor in labor usec input other input usec

Operation usea ZT GI W Total useb ZT GI W Total

Plantingd .155 -13.5 0.0 0.0 -2.1 .270 -13.5 0.0 0.0 -3.6

Weeding .002 0.0 0.0 62.5 0.1 .008 0.0 0.0 60.2 0.5

Harvestinlf .574 2.0 7.8 4.0 7.9 .098 2.0 7.8 4.0 1.3

Totalf -0.9 4.5 2.4 5.9 -3.4 0.8 0.9 -2.3

a From Rauf et al. (1984).
b Based on PERI 1986 and 1987 data on the cost of wheat production in irrigated

areas, assuming that non-labor inputs account for 75% and 25% of planting and
harvesting costs, respectively.

c Based on estimates by Aslam et al. (1989) of the impact of zero tillage and weed
control on input costs and yields, and assuming: (1) 50% adoption of zero tillage and
weed control; and (2) a 0.75% annual rate of yield increase due to genetic
improvement over 10 years.

d Includes land preparation and sowing.
e Includes harvesting and threshing.
f "Share in total labor use" and "Share in other input use" columns do not add to one

because only a subset of all farm operations is affected by the technologies
considered.

7 The 20% figure corresponds to levels of serious weed infestation observed in farm surveys
conducted in Sindh (Khushk et aI. 1990), North West Frontier Province (Razzaq et al. 1989),
and the Punjab (Aslam et al. 1989)
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oflabor and non-labor inputs for planting operations (land preparation and
sowing), but increase input use for harvesting operations (including threshing).
Increased yields resulting from genetic improvement raise the use of inputs for
harvesting, particularly in irrigated areas. Likewise, chemical weed control
increases the use of both labor and non-labor inputs, particularly in harvesting
operations.

Baseline Scenario
To understand the potential impacts of technologies that are currently avail
able, it is necessary to have an idea of the situation that would exist in the
absence of technological progress in wheat production. To this end, Table 4.3
contains key results of a baseline scenario in which it is assumed that (1)
population and the non-agricultural sectors of the economy continue to grow at
long-run trend rates of 3.1% and 2.6% per year, respectively;8 (2) continuing
increases in fertilizer use and improvements in the technical efficiency of
fertilizer and water management lead to (exogenous) growth of agricultural

Table 4.2. Net impacts of genetic improvement (GI) and 50% adoption of deep
tillage (DT) on input use in rainfed areas over 10 years

Share in Share in
total Percent change other Percent change in
labor in labor useb input other input useb

Operation useR DT GI Total useR DT GI Total

Plantingc .312 -13.6 0.0 -4.2 .518 -10.8 0.0 -5.6

Harvestingd .616 13.4 3.0 10.1 .113 13.4 3.0 1.9

Totale 4.0 1.9 5.9 -4.1 0.3 -3.7

a From PERI 1982 data on the cost of wheat production for rainfed areas.
b Based on estimates by Razzaq et al. (1990) of the impact of deep tillage on planting

costs and yield gains, and assuming: (1) 50% adoption of deep tillage and (2) a 0.3%
annual rate of yield increase due to genetic improvement over 10 years.

c Includes land preparation and sowing.
d Includes harvesting and threshing.
e "Share in total labor use" and "Share in other input use" columns do not add to one

because only a subset of all farm operations is affected by the technologies
considered.

8 These figures were taken from the World Development Report 1990 (World Bank 1990). The
population growth rate is that projected for 1988-2000, while the figure for non-agricultural
income is the average annual growth rates over the 1965-88 period. It is assumed that these
rates of population and non-agricultural income growth apply uniformly to all household
groups.
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production at rates of 1% and 0.5% per year in irrigated and rainfed areas,
respectively;9 and (3) there is no technological change in wheat or non-wheat
production.

Table 4.3. Baseline case for scenarios in which the price of wheat is
endogenous·

Change in imports (%)

0 +100

(% change)
Wheat production

Rainfed farms 17.9 13.8
Irrigated farms 30.9 24.4
National 29.1 22.9

Real farm profits
Rainfed small farms 144.7 110.3
Rainfed large farms 80.7 60.0
Irrigated small farms 53.5 43.9
Irrigated large farms 46.6 38.7

Real income per capita
Rainfed landless -13.9 -12.4
Rainfed small farms -11.0 -10.2
Rainfed large farms -4.2 -6.6
Irrigated landless -17.0 -15.6
Irrigated small farms -4.4 -7.6
Irrigated large farms -2.3 -6.2
Urban poor -3.6 -2.3
Urban non-poor -2.2 -1.5

Prices
Real agricultural wage -27.1 -26.7
General price index 3.8 2.5
Real wheat price 34.2 22.2

a Assumes 3.1% population growth, 2.6% growth in exogenous income, and continued
expansion of input use over 10 years, with no technological change. Input expansion
implies the following annual growth rates: production-0.5% in rainfed areas, 1.0%
in irrigated areas; labor use-0.3% in rainfed areas, 0.8% in irrigated areas; other
inputs-O.l% in rainfed areas, 0.4% in irrigated areas.

9 These rates are based on figures computed by Byerlee and Siddiq (1990). Corresponding
increases in the use oflabor and other inputs-given at the bottom ofTable 4.3-were
calculated using farm management data from the sources noted in Tables 4.1 and 4.2.
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Table 4.3 presents impacts on regional wheat and non-wheat production, real
farm profits, per capita real income, the real agricultural wage, the general
price index, and the real price of wheat. 10 It is clear that without technological
progress in agriculture the welfare of most Pakistani households (in terms of
real income per capita) will suffer, for two basic reasons. First, if current trends
continue, population growth will outstrip the growth of both agricultural and
non-agricultural sectors of the economy. Second, the increase in demand for
wheat implied by rapid population growth would entail a sharply higher price
of wheat-even if the current level of imports were doubled-resulting in a
higher cost of living.

In the agricultural sector, increased population pressure would be reflected in
greater levels of demand for wheat and a sharp increase in the supply of
agricultural labor, leading to a higher wheat price and a lower real wage. A
higher wheat price and lower real wage would increase the output of wheat in
both rainfed and irrigated areas, but they would largely cancel one another out
with respect to production of other agricultural commodities. Farm profits
would increase sharply for all farming households. In rural areas, households
that are net producers of wheat would experience relatively greater (Le., less
negative) real income changes. Even for these households, however, the in
creased profitability of farming would not counter-balance the negative impacts
oflower returns to family labor, a higher cost ofliving, and a decline in real
non-agricultural income.

All household groups would suffer declines in real income per capita in the
baseline scenario, with landless households in both areas and small farm
households in rainfed areas being hit the hardest. Consistent with wheat's
higher price, per capita wheat consumption would fall. For most groups,
consumption of non-wheat commodities would also fall, as income effects would
tend to dominate substitution effects in determining the overall level of demand
for these goods.

Technological Change Scenarios
The simulated outcomes of the baseline scenario depict a rather bleak prospect
for Pakistan's future in the absence of continuing technological progress in
wheat production. How, then, would different regional patterns of technological
change over 10 years affect different household groups?

Table 4.4 presents the simulated effects of a balanced regional development
scenario, in which diffusion of technologies on the shelf is assumed to take
place in both rainfed and irrigated areas. It contains the effects on key vari-

10 For this baseline scenario and all others that follow, a complete listing ofthe simulated
changes for all endogenous variables is available from the author.
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ables, both absolutely and relative to the baseline scenario. ll At the projected
levels of technological change over 10 years, a large proportion of increased
demand for wheat would be met by domestic production. Consequently, the real
price of wheat would still rise, but not nearly as much as if no technological
progress were to occur. In absolute terms, real per capita incomes still fall for
all household groups. Relative to the baseline scenario, however, net consum
ing households gain from the shift in domestic wheat production and net
producers lose.

Table 4.4. Balanced regional development: 50% adoption of on-the-shelf crop
management technologies and continued genetic improvement over 10 years
in both irrigated and rainfed areasa

Difference
from

Change in imports (%) baseline
0 +100 scenario

(% change)
Wheat production

Rainfed farms 27.7 23.6 8.6
Irrigated farms 34.2 27.6 4.0
National 33.3 27.1 4.6

Real farm profits
Rainfed small farms 114.2 79.8 -30.5
Rainfed large farms 66.1 45.4 -14.7
Irrigated small farms 43.3 33.8 -10.1
Irrigated large farms 38.9 31.0 -7.7

Real income per capita
Rainfed landless -10.8 -9.4 3.1
Rainfed small farms -8.6 -7.8 2.3
Rainfed large farms -4.0 -6.4 0.2
Irrigated landless -13.3 -11.8 3.7
Irrigated small farms -5.7 -8.9 -1.4
Irrigated large farms -4.5 -8.4 -2.2
Urban poor -1.6 -0.4 2.0
Urban non-poor -1.0 -0.2 1.2

Prices
Real agricultural wage -21.4 -21.1 5.6
General price index 1.7 1.4 -2.1
Real wheat price 15.4 12.8 -18.8

a Assumes rates of yield gain from genetic improvement of 0.75% and 0.30% per
annum in irrigated and rainfed areas, respectively.

11 Differences between the baseline case and scenarios in which technological change occurs
are virtually the same for all variables, whether or not imports are assumed to rise.
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The relative gains for net consuming households are attributable to a smaller
increase in the real price of wheat resulting from the increase in aggregate
supply, and (for rural households) a smaller decrease in real wages resulting
from the outward shift in labor demand associated with technology adoption.
That net producing households suffer net losses following technological change
is an interesting result. It is primarily attributable to the fact that wheat
demand in Pakistan is more price inelastic than wheat supply; thus, the
negative (indirect) effect on farm profits of a relatively lower wheat price
outweighs the positive (direct) effect of a technology-induced productivity
increase. This is consistent with the discussion in Chapter 2 of the net effects of
technological change on adopting households.

Tables 4.5 and 4.6 provide insight into how technological change confined to
only one of the two production environments would affect various household
groups. Table 4.5 presents the simulated impacts of an irrigated area develop
ment scenario in which technological change is assumed to take place only in
irrigated areas. The results of this scenario are quite similar to those of the
balanced regional development scenario, reflecting the dominance of Pakistan's
irrigated areas in national wheat production. As in the balanced regional
development case, net consuming households gain and net producing house
holds lose relative to the baseline scenario. Note that national wheat produc
tion in irrigated areas is greater in the irrigated area development scenario
than in the balanced regional development scenario. This is because the shift in
aggregate wheat supply is smaller than if rainfed areas also experienced
technological progress; thus, the price of wheat is depressed to a lesser extent
and producers in irrigated areas respond to this situation by producing rela
tively greater quantities of wheat.

Table 4.6 presents the simulated impacts of a minfed area development sce
nario in which technological change takes place only in rainfed areas. Given
the small share of rainfed farms in total agricultural production, aggregate
wheat supply and labor demand would not be greatly affected by technological
change confined to rainfed areas. Consequently, changes in the price of wheat
and the agricultural wage rate are not much different than in the baseline
case, and the positive effects on non-farming households (Le., urban households
and rural landless households) are considerably smaller than in scenarios
where technological change occurs in irrigated areas.

In the minfed area development scenario, farm profits in rainfed areas are
enhanced by technological change. For large farm households, this leads to a
more positive effect on real per capita income than in the other scenarios-a
plausible result, given that these net producing households benefit from sub
stantial increases in productivity without a marked change in the price of
wheat or the cost of inputs. Real per capita incomes of rainfed small farm
households also increase relative to the baseline scenario. These income gains
are slightly smaller than in the irrigated area development scenario, however,
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because as net consumers these households stand to benefit to a greater degree
from a lower wheat price and higher wages than they do from an increase in
wheat productivity.

Absolute Income Effects
Two major conclusions may be drawn from the analyses presented thus far.
First, if the price of wheat is free to respond to domestic supply and demand
conditions, diffusion of currently available technologies would benefit net
consumers of wheat to a greater degree than net producers. This is mainly

Table 4.5. Irrigated area development: 50% adoption of on·the·shelf crop
management technologies and continued genetic improvement over 10 years
in irrigated areas only-

Difference
from

Change in imports (%) baseline
0 +100 scenario

(% change)
Wheat production

Rainfed farms 12.5 8.5 -5.3
Irrigated farms 36.2 29.6 5.2
National 32.9 26.7 3.7

Real farm profits
Rainfed small farms 94.7 60.3 -50.0
Rainfed large farms 51.8 31.1 -28.9
Irrigated small farms 47.3 37.7 -6.2
Irrigated large farms 42.3 34.3 -4.3

Real income per capita
Rainfed landless -11.4 -10.0 2.4
Rainfed small farms -9.6 -8.8 1.3
Rainfed large farms -7.2 -9.6 -2.9
Irrigated landless -14.0 -12.6 3.0
Irrigated small farms -4.6 -7.8 -0.2
Irrigated large farms -3.0 -6.9 -0.6
Urban poor -2.0 -0.7 1.6
Urban non-poor -1.2 -0.5 1.0

Prices
Real agricultural wage -22.7 -22.4 4.3
General price index 2.1 0.8 -1.7
Real wheat price 18.9 6.9 -15.3

a Assumes a rate of yield gain from genetic improvement of 0.75% per annum in
irrigated areas, and no improvement in rainfed areas.
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because wheat demand in Pakistan is fairly inelastic, and consequently the
price effects of a shift in aggregate supply would be substantial. Second, even
with technological change, all groups stand to suffer net losses in real income
per capita over the next 10 years, primarily because of Pakistan's very high
rate of population growth.

To compare the income effects of each of the scenarios discussed above, Table
4.7 presents two indicators of how real income changes are distributed. The
first is an index of the mean absolute difference in income changes over all

Table 4.6. Rainfed area development: 50% adoption of on-the-shelf crop
management technologies and continued genetic improvement over 10 years
in rainfed areas only-

Difference
from

Change in imports (%) baseline
0 +100 scenario

(% change)
Wheat production

Rainfed farms 33.0 29.0 15.1
Irrigated farms 28.9 22.4 -2.0
National 29.5 23.3 0.4

Real farm profits
Rainfed small farms 164.2 129.9 19.5
Rainfed large farms 95.0 74.3 14.3
Irrigated small farms 49.5 39.9 -3.9
Irrigated large farms 43.3 35.3 -3.4

Real income per capita
Rainfed landless -13.3 -11.8 0.6
Rainfed small farms -10.0 -9.2 1.0
Rainfed large farms -1.1 -3.5 3.1
Irrigated landless -16.2 -14.8 0.8
Irrigated small farms -5.5 -8.7 -1.2
Irrigated large farms -3.9 -7.8 -1.6
Urban poor -3.2 -2.0 0.4
Urban non-poor -2.0 -1.2 0.2

Prices
Real agricultural wage -25.8 -25.4 1.3
General price index 3.4 2.1 -0.4
Real wheat price 30.7 18.7 -3.5

a Assumes a rate of yield gain from genetic improvement of 0.30% per annum in
rainfed areas, and no improvement in irrigated areas.
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pairwise combinations of the eight household groups considered. It measures
the uniformity of real income changes across household groups, with smaller
values indicating a more uniform distribution of income changes. To facilitate
comparisons, all values are indexed to the baseline scenario in which imports
are held constant. The second indicator is the average percentage change in
real income for all household groups, weighted by each group's share of total
population. It measures the average effect on real incomes of the different
patterns of technological change embodied in the various scenarios.

The results presented in Table 4.7 indicate that income changes in scenarios
involving technological change in irrigated areas are both more uniformly
distributed and lead to the least negative average income changes. The mean
absolute difference in income changes is lowest for the balanced regional
development scenario. The population-share weighted average indicates that
there is little difference between the balanced regional development scenario
and the irrigated area development scenario, and that these scenarios dominate
the other scenarios.

The finding that average income effects are most favorable when technological
change occurs in irrigated areas stems from the fact that indirect price effects
are more important than direct productivity effects in determining absolute
income growth. Net consuming households benefit greatly when the wheat

Table 4.7. Implications of different scenarios of technological change for real
per capita incomesB

Scenario

No increase in imports
Baseline
Balanced regional development
Irrigated area development
Rainfed area development

100% increase in imports
Baseline
Balanced regional development
Irrigated area development
Rainfed area development

Mean
absolute

differenceb

100.0
69.9
83.5
93.2

100.0
75.8
94.7

104.2

Average percent
change weighted

by population
share

100.0
86.7
86.3
99.6

100.0
88.4
88.0

100.2

a All measures indexed to the baseline scenario.
b Mean absolute difference between percentage changes in real per capita income over

all pairwise combinations of households.
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price declines due to shifting supply. In that net consuming households com
prise approximately 65% of the total population in Pakistan,12 increasing ag
gregate wheat supply produces the most favorable absolute income effects.
Such supply increases are best facilitated by technological change in irrigated
areas.

With regard to this conclusion, two important caveats must be noted. First,
differences in adoption of crop management practices within either irrigated or
rainfed areas have not been accounted for. The assumed 50% level of adoption
of these practices over 10 years is probably realistic in that farmers must
depend considerably on enterprises outside of their villages for the production
and distribution of the relevant inputs (zero tillage drills, moldboard plows,
herbicides).13 Nonetheless, 50% adoption implies that half the farmers in suit
able areas do not reap the benefits of the new technologies. Moreover, for
irrigated areas a substantial proportion of farms are located in areas not suited
to the adoption of the crop management technologies considered here.

Second, the simulations presented in this section assume that the price of
wheat adjusts to domestic supply and demand conditions. Thus far, the only
way that government intervention has been allowed to modify the price of
wheat is through increased imports. This is not entirely realistic insofar as the
government of Pakistan has historically exercised considerable control over
wheat prices through its setting of the procurement and retail prices for pro
ducers and consumers. This issue is taken up in the next section.

Technological Change under Controlled Prices

This section presents the simulated long-run impacts of technological change
under controlled producer and consumer prices. When the price of wheat is an
outcome of government price policy, wheat imports become endogenous. That
is, imports are determined such that they make up for the excess demand or
excess supply of wheat implied by the exogenously determined producer and
consumer prices of wheat.

The projected level of technological progress considered here is identical to that
considered in the previous analyses (in which the price of wheat was en
dogenous), and the same 10-year time frame is adopted. Results are presented
for two assumed levels of changes in the nominal price of wheat: no change and
a 20% increase. Throughout, it is assumed that changes in producer and

12 According to population data presented in Appendix B, 43% of these net consuming
households live in urban areas, 31% are rural landless households, and 26% are small farm
households located in rainfed areas.

13 By comparison, improved seed is commonly procured from neighboring farmers.
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consumer prices are the same. Parallel to the earlier analysis, the simulations
include: (1) a baseline case that assumes growth in population and non-agricul
tural income, along with an exogenous increase in agricultural production due
to continuing improvements in the technical efficiency of fertilizer and water
use; (2) a balanced regional development case in which technological change is
assumed to take place in both irrigated and rainfed areas; (3) an irrigated area
development case in which technological change is assumed to occur in irri
gated areas only; and (4) a rainfed area development case in which technologi
cal change is assumed to occur in rainfed areas only.

Table 4.8 presents the results of the baseline simulation. In the absence of
technological change, and with no change in the price of wheat, all households
would suffer net declines in real income. There are three reasons for this. First,
the substantial growth in population would put downward pressure on real
wages. Second, while aggregate farm profits would grow in all cases (due both
to the declining agricultural wages and exogenous productivity growth), farm
profits per capita. would decline for net producing farm households. Third, as
the projected rate of population growth exceeds the projected rate of non
agricultural income growth, the incomes of all households-particularly net
consumers-would be negatively affected.

Under controlled prices, increased demand for wheat due to population and
non-agricultural income growth does not result in higher wheat prices (by
assumption). Rather, the excess demand would have to be met through large
increases in wheat imports. The increase in imports required to meet rising
wheat demand would be considerably reduced if the wheat price were raised;
however, even with a 20% increase in the price of wheat, a 140% increase in
imports would be required to meet expanding wheat demand.

An increase in the price of wheat would cause farm profits to rise sharply for
all farming households. Relative to the case in which wheat prices remain
constant, this would result in substantial improvements in real income for net
producing households, while only modestly lowering the real incomes of net
consuming households. Real incomes would fall for most household groups,
although small farm and large farm households in irrigated areas would
achieve real income gains.

Table 4.9 presents the results ofthe balanced regional development scenario.
Whether or not the price of wheat is increased, technological change occurring
both in irrigated and rainfed areas leads to a higher agricultural wage and
greater farm profits than in the baseline case. The effect on wages is due to the
shift in labor demand implied by the improved technologies, while increases in
farm profits result from the inherent profitability of the technologies consid
ered. Technological change would also significantly dampen the increase in
wheat imports required to meet domestic demand. In conjunction with a 20%
increase in the price of wheat, technological change in both rainfed and irri
gated areas would in fact reduce wheat imports from current levels.
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In the case where the price of wheat is held constant, all households again
suffer net losses in real income. Relative to the baseline case, however, net
producers benefit to a greater extent than net consumers from technological
change. Increasing the price of wheat by 20% would substantially increase
farm profits for all farm households. In this case, net producers in irrigated
areas would realize absolute real income gains. As in the baseline scenario, an
increase in the price of wheat greatly improves the incomes of net producing
households, while lowering the incomes of net consuming households by a
relatively smaller amount.

Table 4.8. Baseline case for long-run controlled price scenarios8

Change in price (%)
0 +20

(% change)
Wheat production

Rainfed farms 6.4 12.5
Irrigated farms 12.3 22.0
National 11.3 20.5

Real farm profits
Rainfed small farms 46.6 98.4
Rainfed large farms 21.8 52.9_
Irrigated small farms 26.2 40.7
Irrigated large farms 24.0 36.0

Real income per capita
Rainfed landless -9.7 -11.9
Rainfed small farms -8.7 -9.5.
Rainfed large farms -11.1 -3.4
Irrigated landless -12.9 -15.1
Irrigated small farms -13.4 1.0
Irrigated large farms -13.3 5.L
Urban poor -6.4 -8.3
Urban non-poor -6.4 -7.6

Prices
Real agricultural wage -26.0 -26.6
General price index 0.0 2.0
Imports 279.2 141.5

a Assumes 3.1% population growth, 2.6% growth in exogenous income, and continued
expansion of input use over 10 years, with no te~hnologi<;~l change. Inl?ut expap.sion
implies the following annual growth r:.ates: production-0.5% in rainfed areas, 1.0%
in irrigated areas; labor use-o.3% in rainfed areas, 0.8% in irrigated areas; other
inputs-0.1% in rainfed areas, 0.4% in irrigated areas.

67



Tables 4.10 and 4.11 present the results of the irrigated area development and
rainted area development simulations. These indicate that technological change
occurring exclusively in rainfed areas would lead to small reductions in income
for farm households in irrigated areas (relative to the baseline case), while
technological change confined to irrigated areas leads to small income gains in
rainfed areas (again, relative to the baseline).

Two factors explain this asymmetrical outcome. First, returns to family labor
account for a larger share of total income for farm households in rainfed areas
than they do for farm households in irrigated areas, while farm profits com-

Table 4.9. Balanced regional development under controlled priceS-

Difference
from

Change in price (%) baseline
0 +20 scenario

(% change)
Wheat production

Rainfed farms 22.6 28.7 16.1
Irrigated farms 25.7 35.4 13.4
National 25.2 34.3 13.9

Real farm profits
Rainfed small farms 70.0 121.8 23.4
Rainfed large farms 39.5 70.6 17.8
Irrigated small farms 31.1 45.5 4.9
Irrigated large farms 28.8 40.8 4.8

Real income per capita
Rainfed landless -8.9 -11.1 0.8
Rainfed small farms -7.6 -8.4 1.1
Rainfed large farms -7.0 0.7 4.1
Irrigated landless -11.4 -13.6 1.5
Irrigated small farms -9.8 4.6 3.6
Irrigated large farms -9.5 9.0 3.9
Urban poor -6.4 -8.3 0.0
Urban non-poor -6.4 -7.6 0.0

Other
Real agricultural wage -20.9 -21.5 5.0
General price index 0.0 2.0 0.0
Imports 122.3 -15.3 -156.8

a Assumes 50% adoption of on-the-shelf crop management technologies and continued
genetic improvement over 10 years in both irrigated and rainfed areas. Assumed
rates of yield gain from genetic improvement are 0.75% and 0.30% in irrigated and
rainfed areas, respectively.
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prise a much larger share of income for households in irrigated areas. Second,
wage increases associated with shifts in labor demand would be larger in the
case of technological change occurring exclusively in irrigated areas. 14 Thus,
for rainfed farm households the increased returns to family labor in the irri
gated area development scenario would outweigh the negative impacts of

Table 4.10. Irrigated area development under controlled prices-

Difference
from

Change in price baseline
0 +20% scenario

(% change)
Wheat production

Rainfed farms 6.2 12.3 -0.2
Irrigated farms 25.8 35.5 13.5
National 22.7 31.8 11.3

Real fann profits
Rainfed small fanns 40.3 92.1 -6.3
Rainfed large fanns 19.1 50.3 -2.6
Irrigated small fanns 32.2 46.6 6.0
Irrigated large fanns 29.8 41.8 5.8

Real income per capita
Rainfed landless -9.1 -11.3 0.6
Rainfed small ranns -5.4 -9.1 0.3
Rainfed large fanns -11.0 -3.3 0.1
Irrigated landless -11.8 -13.9 1.2
Irrigated small fanns -9.6 4.8 3.9
Irrigated large fanns -9.0 9.4 4.3
Urban poor -6.4 -8.3 0.0
Urban non-poor -6.4 -7.6 0.0

Other
Real agricultural wage -22.1 -19.1 3.9
General price index 0.0 2.0 0.0
Imports 151.9 14.2 -127.3

a Assumes 50% adoption of on-the-shelf crop management technologies and continued
genetic improvement over 10 years in irrigated areas only. Assumed rate of yield gain
from genetic improvement is 0.75% per year.

14 This implies that a certain proportion of increased labor demand in irrigated areas would
be met through migration from rainfed areas. In this particular case, migrants from
rainfed areas would account for 12% of the increased labor use in irrigated areas.
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prise a much larger share of income for households in irrigated areas. Second,
wage increases associated with shifts in labor demand would be larger in the
case of technological change occurring exclusively in irrigated areas.14 Thus,
for rainfed farm households the increased returns to family labor in the irri
gated area development scenario would outweigh the negative impacts of

Table 4.10. Irrigated area development under controlled prices-

Difference
from

Change in price baseline
0 +20% scenario

(% change)
Wheat production

Rainfed farms 6.2 12.3 -0.2
Irrigated fanns 25.8 35.5 13.5
National 22.7 31.8 11.3

Real farm profits
Rainfed small farms 40.3 92.1 -6.3
Rainfed large farms 19.1 50.3 -2.6
Irrigated small farms 32.2 46.6 6.0
Irrigated large farms 29.8 41.8 5.8

Real income per capita
Rainfed landless -9.1 -11.3 0.6
Rainfed small fanns -5.4 -9.1 0.3
Rainfed large farms -11.0 -3.3 0.1
Irrigated landless -11.8 -13.9 1.2
Irrigated small farms -9.6 4.8 3.9
Irrigated large farms -9.0 9.4 4.3
Urban poor -6.4 -8.3 0.0
Urban non-poor -6.4 -7.6 0.0

Other
Real agricultural wage -22.1 -19.1 3.9
General price index 0.0 2.0 0.0
Imports 151.9 14.2 -127.3

a Assumes 50% adoption of on-the-shelf crop management technologies and continued
genetic improvement over 10 years in irrigated areas only. Assumed rate ofyield gain
from genetic improvement is 0.75% per year.

14 This implies that a certain proportion of increased labor demand in irrigated areas would
be met through migration from rainfed areas. In this particular case, migrants from
rainfed areas would account for 12% of the increased labor use in irrigated areas.
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higher wages on farm profits; on the contrary, for irrigated farm households
the negative impact on farm profits of higher wages in the rainted area devel
opment scenario would outweigh the increased returns to family labor.

It is clear from the results contained in Tables 4.10 and 4.11 that the net
benefits of technological change are felt much more strongly in adopting areas,
particularly for net producing farm households. The important conclusion that
may be drawn from this is that under controlled prices the indirect effects of
technological change on wages are small compared with the direct effects on

Table 4.11. Rainfed area development under controlled prices

Difference
from

Change in price (%) baseline
0 +20 scenario

(% change)
Wheat production

Rainfed farms 22.7 28.9 16.3
Irrigated farms 12.2 21.9 -0.1
National 13.9 23.0 2.6

Real farm profits
Rainfed small farms 76.3 128.1 29.7
Rainfed large farms 42.1 73.3 20.6
Irrigated small farms 25.1 39.5 -1.1
Irrigated large farms 23.0 35.0 -1.0

Real income per capita
Rainfed landless -9.5 -11.7 0.2
Rainfed small farms -8.0 -8.7 0.7
Rainfed large farms -7.1 0.7 4.1
Irrigated landless -12.6 -14.7 0.4
Irrigated small farms -13.7 0.7 -0.2
Irrigated large farms -13.8 4.7 -0.4
Urban poor -6.4 -8.3 0.0
Urban non-poor -6.4 -7.6 0.0

Prices
Real agricultural wage -24.8 -25.4 1.2
General price index 0.0 2.0 0.0
Imports 249.7 112.0 -29.5

a Assumes 50% adoption of on-the-shelf crop management technologies and continued
genetic improvement over 10 years in rainfed areas only. Assumed rate of yield gain
from genetic iml?rovement is 0.30% per year.
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productivity and profits. This was also true for wage effects in the simulations
in which the price of wheat was endogenously determined. However, in those
simulations (indirect) output price effects were found to dominate direct pro
ductivity effects.

Finally, in that the price of wheat is exogenously determined in the controlled
price scenarios, technological change has no impact on the incomes of urban
households relative to the baseline.15 That is, under controlled prices income
effects on urban households are solely an outcome of consumer price policy. It
should be noted, however, that the determination of the consumer price of
wheat in Pakistan is inextricably linked to decisions on wheat imports. A clear
implication of the controlled~pricesimulations is that wheat imports are likely
to increase considerably in the future. It is also clear that either increased
producer prices or technological change in wheat production (particularly if it
occurs in irrigated areas) can greatly limit the level of imports necessary to
meet increasing wheat demand.

While the multi-market model abstracts from the question of how the govern
ment would generate the resources necessary to import wheat, it is important
to consider how the options available to the government for financing increased
wheat imports would affect different household groups. One option available to
the government would be to reduce consumer subsidies on wheat flour. This
would primarily hurt urban consumers, with the negative impacts being felt
most strongly by poorer households. In that reduction of consumer subsidies
might be politically infeasible, maintaining existing consumer subsidies would
increase pressure on the government budget that could only be met through
reallocating resources away from some other sector of the economy or through
monetary policies that would lead to higher levels of inflation. The effects of
higher inflation would be spread among all types of households, while the
reallocation of resources might be more selective (depending on where those
resources originated). -

The results also indicate that raising producer prices could be effective in
limiting increases in wheat imports. For the scenario of maximum projected
output increases (the balanced regional development case), an 18% increase in
both the consumer and producer prices of wheat would hold wheat imports at
current levels.16 As in the case of reducing consumer subsidies, increased pro
ducer prices would have welfare implications for various household groups that
would depend on how the government financed those increases.

15 Because the model abstracts from possible alterations in rural-urban migration
accompanying technological change, (positive) changes in urban wage rates accompanying
a diminished flow of rural migrants into urban areas ate not captured.

16 If the consumer price of wheat is held constant, a 20% increase in the producer price would
be required for imports to remain constant.
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Absolute Income Effects under Controlled Prices
Table 4.12 presents two measures of the distribution of income effects implied
by the four scenarios of technological change under controlled prices. These are
the same measures that were presented in Table 4.7 for the analysis of absolute
income effects with price endogenously determined. To facilitate comparison
with that analysis, Table 4.12 contains the earlier results as well.

In the controlled-price simulations, the two scenarios in which technological
change occurs in irrigated areas (balanced regional development and irrigated
area development) generally dominate the other scenarios, whether or not the

Table 4.12. Implications of different scenarios of technological change for
changes in real per capita incomes

Scenario

Mean
absolute

differenceB

Average percent
change weighted

by population
share

No change in wheat price
Baseline
Balanced regional development
Irrigated area development
Rainfed area development

20% increase in wheat price
Baseline
Balanced regional development
Irrigated area development
Rainfed area development

No increase in imports
Baseline
Balanced regional development
Irrigated area development
Rainfed area development

100% increase in imports
Baseline
Bah..:--ced regional development
Irrigateci ~rea development
Rainfed area "':'.:-velopment

Controlled price scenarios

100.0 -10.24
62.4 -8.51
79.5 -8.24

109.0 -10.06

230.7 -6.07
271.5 -4.33
268.4 -4.55
232.5 -5.85

Endogenous price scenarios

100.0 -7.19
79.9 -6.14
86.4 -6.23

100.1 -7.09

88.2 -7.66
73.0 -6.60
76.3 -6.71
88.2 -7.56

a Mean absolute difference between percentage changes in real per capita income over
all pairwise combinations of households, indexed to the baseline scenario.
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price of wheat is assumed to change. The only exception to this is that, when
the price of wheat is assumed to increase by 20%, the baseline scenario has the
most uniformly distributed effects on household incomes (as indicated by the
mean absolute difference index).

Substantial differences in the implied absolute income effects are evident
between the cases in which the wheat price is constant and those in which it
increases. Mean absolute differences indices are invariably smaller in the
scenarios in which the wheat price is constant, while the population-share
weighted averages of income changes are smaller when the price of wheat
rises. Hence, income effects are less uniformly distributed but, on average,
more favorable when the wheat price is increased-a result consistent with the
evidence that increased wheat prices benefit net producing households to a
larger extent that they harm net consuming households.

Finally, comparison of the results for the controlled-price scenarios with the
results for the endogenous price scenarios reveals that average income changes
are greatest (Le., least negative) in the controlled-price scenarios in which the
wheat price is raised by 20%. Again, this appears to be attributable to the fact
that the positive effects of higher wheat prices on net producing households are
far greater than their negative effects on net consuming households.

Technological Change and Income Distribution in Pakistan

Several important conclusions may be drawn from the simulation analyses that
have been presented in this chapter. First, in the absence of continued techno
logical progress in wheat production, Pakistan faces the prospect of substantial
increases in wheat imports and falling real incomes for most households. The
major culprit responsible for this bleak outlook is Pakistan's high rate of
population growth.

Second, technological change in wheat production has the capability of greatly
limiting the likely increases in imports required to meet expanding wheat
demand. Given the dominance of Pakistan's irrigated areas in total wheat
output, improved productivity in those areas continues to be the most promis
ing source of increases in domestic wheat production.

Third, improving wheat productivity in irrigated areas (with or without accom
panying productivity improvements in rainfed areas) emerges as having the
most positive absolute effect on real income. This is true whether wheat prices
are endogenously determined by domestic supply and demand conditions, or (as
is more likely) wheat prices are exogenously controlled by the government. If
prices are endogenous, the indirect effects of technological change on wheat
prices dominate the direct productivity effects. If, on the other hand, prices are
exogenously determined, direct productivity effects for net producing house
holds greatly outweigh the indirect effects on agricultural wages.
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The finding that technological change in irrigated areas leads to superior
outcomes with respect to absolute income effects has important implications for
the query raised at the beginning ofthis chapter regarding the income distribu
tional consequences of different patterns of technological progress. Also of
interest, however, are the implications oftechnological change for relative
income distribution. To investigate these, Gini coefficients for rural income
distribution were calculated based on the simulation results (Table 4.13).
In the scenarios in which the wheat price is endogenous, the ranking of the
four scenarios in terms of relative income distribution is identical to the rank
ing in terms of absolute income effects. Whether or not imports are increased,
the balanced regional development scenario yields slightly lower Gini coeffi
cients than the irrigated area development scenario, and these two scenarios
dominate the scenarios in which technological change does not occur in irri
gated areas. In the controlled price scenarios, there is very little difference
between the Gini coefficients for all four scenarios. Hence, technological change
occurring in irrigated areas (with or without accompanying technological
change in rainfed areas) leads to relative income distribution patterns that are
no less equitable (and in some cases more equitable) than would be the case if
technological change only occurred in rainfed areas.

Agricultural production is a much more important component of household
income in irrigated areas than in rainfed areas. Hence, increasing the produc
tivity of irrigated agriculture will yield much more profound income effects
than enhancing the productivity of rainfed agriculture. Additionally, inter
regional income disparities are a less important source of overall income ine
quality than intraregional income differences. Together, these two factors
account for this very important finding that technological change in irrigated
areas would be as equitable (or more so) than technological change in rainfed

Table 4.13. Gini coefficients for rural income distribution implied by different
long-run scenarios of technological change

Endogenous wheat price Controlled wheat price
No 100% No 20%

increase in increase in change in rise in
Scenario imports imports price price

Baseline .250 .246 .240 .253

Balanced regional
development .245 .242 .241 .254

Irrigated area
development .246 .242 .241 .253

.
Rainfed area

development .249 .246 .241 .253
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areas. In conjunction with the results regarding the absolute income effects of
different patterns of technological change, this finding bears important implica
tions regarding the optimal allocation of wheat research resources in Pakistan.
Traditionally, the lion's share of wheat research has been targeted toward
irrigated areas. The results that have been presented here indicate that this is
a reasonable strategy for research managers to pursue in the future. Assuming
that the government continues to playa dominant role in the setting of con
sumer and producer prices, any dramatic reallocation of research resources
specifically aimed at improving wheat productivity in rainfed areas appears
ill-advised at this time. Technological change occurring exclusively in rainfed
areas clearly would be inferior in terms of promoting overall income growth,
and at the same time it cannot be justified in terms of enhancing relative
income distribution.

There is good reason not to abandon efforts to improve wheat productivity in
rainfed areas, however. To a large degree, the simulated absolute and relative
impacts on real incomes center on two key factors-that agricultural income
accounts for such a relatively small share of total income for households in
rainfed areas, and that irrigated areas currently dominate total wheat produc
tion. In part, these factors reflect the greater area and population of Pakistan's
irrigated areas. But historical regional differences in technological progress
probably are an important part of the story as well. 17

In rainfed areas, the relatively slower pace at which productivity increased in
the past is likely to have stimulated rural inhabitants to seek sources of income
outside of the agricultural sector. The analysis in Chapter 3 indicated that by
diversifying out of agriculture, the inhabitants of rainfed areas were able to
greatly enhance their incomes. Nonetheless, this fortuitous outcome should not
obscure the essentially circular relationship between differential regional
patterns of productivity improvement and interregional differences in the
importance of agriculture in household incomes.

The extent to which inhabitants ofrainfed areas can continue to achieve posi
tive income growth by taking advantage of opportunities outside of the agricul
tural sector will limit agricultural development in these areas as a force with
which to improve absolute or relative income distribution. However, if non
agricultural opportunities were to diminish for these households, then improv
ing the productivity of rainfed agriculture would become more important. The
danger involved in abandoning agricultural research directed at production
problems in Pakistan's rainfed environments, then, is a possible over-reliance
on continued expansion of non-agricultural employment opportunities.

17 To ascertain this point, the model was re-run with the income shares and regional
production shares in the rainfed area set equal to those of the irrigated area. In these
simulations, the minted area development and irrigated area development scenarios were
found to have roughly similar implications for real income, agricultural wages, and
national wheat output.
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5
Summary and Conclusions

This study has developed information on how regional differences in productiv
ity growth due to technological progress are reflected in absolute and relative
income distribution, both within and across production environments. To do
this, the distributional impacts of technological change in wheat production in
rainfed and irrigated areas of Pakistan have been analyzed. These analyses
included both an historical overview of technological change and income
distribution and a forward-looking simulation analysis of potential effects of
technologies that are currently available.

The historical overview indicates that since 1965 (but especially during the
more recent post-Green Revolution period) income growth for various types of
households (landless, small farm, large farm) in Pakistan's rainfed areas has
generally exceeded that of comparable household types in irrigated areas. As
households located in rainfed areas were initially poorer than households
located in irrigated areas, this has led to a general improvement of relative
income distribution in rural Pakistan. Importantly, the analysis of changes in
the composition of household income for various farm households revealed that
relatively little of the improvement in the well-being of rainfed households has
been the result of either direct or indirect effects of increased agricultural
productivity. Rather, it appears to have mainly resulted from the greater
degree of participation ofthese households in non-agricultural labor markets
in particular, foreign labor markets.

The finding that the inhabitants of Pakistan's rainfed areas have been able to
achieve impressive real income growth runs counter to the common belief that
the inhabitants of resource-poor marginal production environments (such as
Pakistan's rainfed areas) are generally poorer than rural inhabitants of more
favored production environments (such as Pakistan's irrigated areas). It
demonstrates that in considering the well-being of rural populations, one must
consider the entire range of opportunities available to them-not solely the
agricultural potential of the areas in which they dwell. In many areas around
the world, the inhabitants of resource-poor production environments might not
have significant alternatives to agriculture with which to augment their
incomes; however, this has not been the case for Pakistan.

Simulation analyses investigated the potential future impacts on income
distribution of currently available wheat technologies. The simulations indicate
that in addition to being the most promising way of increasing domestic wheat
production, improving the productivity of Pakistan's irrigated areas (with or
without accompanying productivity increases in rainfed areas) also promises to
have the most favorable effect on overall incomes. Moreover, it was found that
technological change occurring in irrigated areas would be as equitable (and in
some cases more equitable) as technological change confined to rainfed areas.
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These findings indicate that the traditional allocation of the lion's share of
wheat research resources to improving the productivity of irrigated areas
continues to be a reasonable strategy for research managers in Pakistan. A
dramatic reallocation of research aimed at rainfed areas would be inferior in
terms of promoting overall income growth, and at the same time cannot be
justified on equity grounds. Nonetheless, it is not reasonable to infer from these
results that Pakistan ought to abandon efforts to enhance the agricultural
productivity of its rainfed areas. The reason that technological progress in
rainfed areas does not show much promise for enhancing overall income
growth is in a very large sense the outcome of the historical pattern of greater
productivity improvement in Pakistan's irrigated areas. Fortunately, the ability
of households in rainfed areas to take advantage of non-agricultural employ
ment opportunities has meant that interregional differences in the rates at
which agricultural productivity increased did not translate into widening
interregional disparities in income. Nonetheless, there are risks inherent in
relying on the continuing expansion of non-agricultural activities, particularly
activities associated with employment outside of Pakistan. In order to minimize
these risks, continued efforts to improve the viability of rainfed agriculture in
Pakistan are warranted.

Regional patterns of technological change and the geographic distribution of
population groups and poverty vary considerably from country to country.
Thus, one needs to be circumspect in assessing the generality of the findings
presented here. Nonetheless, some useful insights have emerged that may be
applicable outside of Pakistan. The finding that non-agricultural sources of
income comprise a much greater share of household income than agricultural
income for most inhabitants of rainfed areas is probably true for marginal
production environments in a number oflocations around the world. The
evidence from Pakistan suggests that to the extent that households located in
marginal production environments are able to secure income from non-agricul
tural sources, the negative consequences of interregional differences in produc
tivity growth on relative income distribution may be limited.

Another important insight that emerges from the simulation analyses is that
the income distributional consequences of technological change depend impor
tantly on whether the price of the commodity involved is market-determined or
government-controlled. The evidence from Pakistan supports the commonly
held belief that if the price of wheat is market determined, net consuming
households stand to be the major beneficiaries of productivity increases due to
technological progress. However, for important traded staple commodities like
wheat or rice, governments usually do intercede in domestic markets. The
simulation analyses indicate quite convincingly that, in a situation of controlled
producer and consumer prices, net producing households in adopting regions
are the major beneficiaries of technological change.
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Finally, there is little evidence that Pakistan's wheat and labor markets have
been (or are likely to become) important avenues for transmitting the benefits
of improved wheat technologies. The preeminent role of the Pakistani govern
ment in determining both producer and consumer prices precludes the kinds of
positive price effects accompanying shifts in the aggregate supply of wheat that
some economists have hypothesized. While agricultural wages have indeed
risen in both rainfed and irrigated areas, it appears that factors outside of the
agricultural sector are primarily responsible for this phenomenon. That is,
wage increases have been more a result of limited rural labor supply than of
rising labor demand. Thus, direct productivity enhancement through the
diffusion of improved technologies appears to have had a much more profound
impact on the welfare of Pakistanis than spillover effects of technological
change. Furthermore, as long as the government of Pakistan exercises a
dominant role in the determination of wheat prices, such spillover effects will
continue to playa small part in transmitting the benefits of technological
change to non-adopting segments of the population.
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Appendix A

A Multi-Market Model of
Regionally Differentiated Technological Change

The following model attempts to capture in a unified analytical framework the
transmission of the impacts of regionally differentiated technological change in
an important staple food to various types of households in an economy. The
model's layout is in many respects derivative ofthe theoretical models of
Quizon and Binswanger (1983; 1986). Unlike that work, however, the impacts
on various classes of agents in rural areas not directly affected by hypothesized
innovations are explicitly incorporated into the model. Moreover, while the
model includes an urban sector, it falls short of being a general equilibrium
model in that most factors affecting urban households are taken to be
exogenous. In this way, the model is akin to the "multi-market" models used by
Braverman and Hammer (1986) and Braverman et al. (1987).

The model assumes that there are two agricultural regions and an urban
sector. In each of the agricultural regions there are three types of households:
landless labor, small farm, and large farm. The latter two groups are
semisubsistence households in that they produce a significant proportion of the
dominant staple food in their diets. The two agricultural regions may be
thought of as corresponding to the favored and marginal production
environments discussed in the text.

The urban sector is composed of poor and non-poor households. In the model,
technological change affects urban households solely through changes in the
price of the commodity affected by technological change and the attendant
change in their cost of living (i.e., changes in group-specific consumer price
indices). Neither changes in rural-urban migration patterns nor impacts offood
price changes on urban wages are considered. It is recognized that these are in
many cases important second-round effects of technological change. Their
omission is due in large part to the need to keep the model tractable.1

The Model

Assume that households in each agricultural region produce two commodities:
Q

1
is the output of a staple food crop (e.g., wheat) affected by a yield-enhancing

technological innovation, and Q2 is an alternate commodity.2 Technology is
modeled as an exogenous variable, t, that shifts out both the supply of
commodity 1 and the demand for variable inputs. Output supplies and input

1 Additionally, in the specific case of Pakistan, international outmigration (particularly to the
Middle East) has played the dominant role in determining urban wage rates for at least the
past 10 years (Husain, 1990, p. 15). For this reason, it was felt that overlooking rural-urban
migration did not greatly compromise the model's applicability.

2 A list of notation used in the model is found in Table A.2.
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demands depend on the prices of these two commodities (PI and P 2)' the prices
of variable inputs, and, except for Q2' the technology shifter. It is assumed that
labor (L) and fertilizer (F) are the only variable inputs in production;3 that land
(Z) is the only fixed input; that variable inputs are not differentiated by crop;
that households in both agricultural regions face the same exogenously
determined fertilizer price (f); and that regional wage rates (W

r
) are

endogenously determined in competitive labor markets. At the outset, it is
assumed that regional labor markets clear in isolation of one another. This
assumption is subsequently relaxed.

The system of output supply and variable input demand functions for each type
ofhousehold4 can thus be written as:

These imply the following relationships for each region and group in rates-of
change notation (where 1\ indicates proportional rate of change-that is,
i = alnXIat):

1\ /\ 1\ 1\ 1\

(2) Q2rg =€21rg PI + €22rg P2 + €2Lrg W r + €2Frg f

(3) Lrg =~LIrg PI + ~L2rg P 2 + ~LLrg Wr + ~LFrg i + ELrg

(4) Frg =~FIrg PI + ~F2rg P 2 + ~FLrg Wr + ~FFrg i + Efrg'

3 At the cost of increasing its complexity, one could expand the model to incorporate a vector
of variable inputs-e.g., differentiating between mechanical and biological inputs. Here,
inclusion of only one non-labor input was judged to be sufficient.

4 Throughout the presentation, the subscripts "r" and "g" are used to denote region and
household group, respectively. These make the notation somewhat cumbersome, but are
incorporated to highlight the fact that the parameters .and variables vary across regions
and groups.
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Here E'krg and ~'krg are region/group-specific elasticities of output i or input j
1 j A

with respect to price k (i =1, 2; j =L, F; and k =1, 2, L, F), and Ekrg (k =1, L, F)
is the (exogenous) proportional shift in output supply or input demand over
time due to the new technology-e.g., EIrg = (olnQI./ift)(iftlot).

Changes in total regional output are given by the sum of group-specific output
changes weighted by each group's share of total regional output (A., ):jrg

Likewise, regional changes in input demands are given by:

(6)
A d Ad 1\ 1\

L =rl Land F =~ F ,
r g~ rg r g rg rg

where I; and <I> are the shares of total regional demands for labor and
fertilize~accou:::ted for by group g.

For rural households, household labor supply (18) is taken to be a function of the
real wage rate (wr = Wrmrg' where llrg is a region/group-specific consumer price
index)-i.e., l~ = 18 (w). Denoting the population of household group g in region
r as N ,regioillgr~up-specific labor supply is simply L = 1 x N . Letting F...

rg . . rg rg. rg -J.:<g
be the wage rate elastIcIty of household labor supply, proportIOnal changes In

household labor supply are thus given by:

(7)

Again, this may be aggregated to derive changes in regional labor supply:

(8)

where "'rg is the share of regional labor supply accounted for by group g.

It is assumed that all residual farm profits not attributable to variable inputs
are accrued as returns to land. Letting S be the unit rental rate of land and
Z the quantity of agricultural land held'by group g in region r,rg

Srg Zrg = PI QIrg + P z QZrg - W r Lrg - fFrg'

Assuming no change in the distribution ofla~d holdings (~= 0),
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A Ad A A

+~ (Wr + Lrg) + 1tFrg (fr + Frg)'

where the 1t. 's are the region/group-specific profit shares accounted for by
outputs and~ariableinputs (positive for outputs and negative for inputs).

It is assumed that two commodities are consumed-the staple food affected by
technological change and an alternate commodity (A). Household demand
(indicated by a lower-case c) is a function of the prices ofthese commodities and
real income (yrg):

k= 1,A.

As in the case oflabor supply, region/group-specific consumption of commodity
(denoted by an upper case C) is simply the product of household demands and
population-Le., Ckrg = ~ x Nrgo Changes in consumption are thus given by

(10) Ctrg =T1 urg Pt + 'IllArg PA+ T1 IYrg Yrg+ Nrg

(11) CArg ='IlAlrg PI + 'IlAArg FA + 'IlAYrg Yrg + Nrg'

where T1i1irg is the region/group-specific elasticity of demand for commodity k
with respect to the price ofcommodity j. Letting~ be the share of regional
consumption of good k accounted for by group g, changes in regional
consumption are:

(12) k =1, A.

Nominal income for each group within a region (Yrg) is the sum of the net
returns to all factors rented out by that group. These include labor income,
farm profits, and other exogenous sources (X) such as non-agricultural labor
and artisanry:

. .

Yrg =Wr Lrg + Srg Zrg + Xrg.

Let okrg denote the share of region/group-specific income attributable to income
source k (k =L, Z, X). Again assuming no change in the distribution of land
holdings, changes in real income (y =YIll) are given by
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(13)

where once again n is a region/group-specific consumer price index. Changes
in this price index a':e given by

(14) k= 1,A

where O\,.g is the region/group-specific expenditure share for commodity k.

Closing the Model

Closing the model requires specification of the conditions under which the
markets for commodity 1 and for labor clear. Following the discussion in the
text, specification of these market-clearing conditions depends primarily on
three factors: (1) whether the commodity market is open or closed with respect
to the world market; (2) the nature of government intervention in the market;
and (3) whether labor is sufficiently mobile that wages are equilibrated across
regions. The approach taken here is to establish three variant solutions of the
model that generally correspond to short- and long-run equilibria in Pakistani
wheat and labor markets (Table A.1).

In Variant I, it is assumed that PI is exogenously determined (either by the
government or the world market) and labor is immobile. This is essentially a
short-run case in which the price of commodity 1 is controlled by the
government. The market-clearing condition for the output market is given by the
identity CI = QI + G, where CI is total national consumption, QI is total national
production, and G is the quantity of commodity 1 accounted for by government
issues in the market (originating either through net imports or alterations of a
government buffer stock). In rate-of-change notation, this condition becomes

Table A.I. Description of the three variant solutions of the multi-market
model

Variant I Variant II Variant III

Wheat market Open or Closed Open or
managed managed

Wheat price Exogenous Endogenous Exogenous

Regional labor
markets Isolated Integrated Integrated

Laborers Immobile Mobile Mobile

Wheat imports Endogenous Exogenous Endogenous
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(15) ~ (CI/CI) (\r =(l - G) ~ (QI/QI) Qlr + r G,
r r

where r =G/C I is the share of national consumption accounted for by
government issues. In this case, G is endogenous, making up the difference
between changes in consumption and production.

As labor is assumed to be immobile in Variant I, regional labor markets clear in
isolation. Thus, regional wage rates are determined by equating labor demand
and labor supply or, equivalently, changes in labor demand and changes in
labor supply:

(l6a)
1\ d A 8

L = L.r r

In Variant II, it is assumed that the price of commodity 1 is determined by the
intersection of supply and demand, and that labor is mobile across regions.
This is essentially a long-run closed economy case in which the price of
commodity 1 is the result of market forces (rather than government policy). As
in Variant I, equation (15) governs market-clearing in the output market.
Unlike before, however, G is exogenous and PI is endogenous.

As labor is assumed to be mobile in Variant II, wage rates are assumed to be
determined nationally (as opposed to regionally). The market-clearing condition
is thus

Ld =~Ld =~Ls = L8 =L
r r

or, in rate-of-change notation,

(l6b) ~ (L~/L) L~ =~ (LjL) t;.
r r

Note that this formulation ignores wage differentials between regions arising
from the transaction costs of moving from one area to another. As discussed in
the text, this implicitly assumes a constant proportional difference in wages.
Note further that this formulation abstracts from the dynamics of moving from
one equilibrium to another. Rather, it provides for a comparison of two static
equilibria occurring at different points in time.

Finally, Variant III is a long-run controlled price solution. It assumes that the
price of commodity 1 is exogenously set (as in Variant I), and that labor is
mobile (as in Variant II). Thus, the market clearing conditions are given by
equations (15) and (l6b).
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Solving the Model

The model, comprised of equations (1) - (15) plus (16a) or (16b), can be
expressed in the form HU =K, where H is a matrix of parameters (elasticities
and shares), U is a vector of endogenous variables (the proportionate changes
in Q, C, F, L, n, y, W, and G or P l

5 for each region and group), and K is a
vector of exogenous variables (proportionate changes in E, N, f, P2' PA' X, and G
or PI). Pre-multiplying both sides of the equation by HoI yields a solution for U
for specified values of the exogenous variables in K.

For a given set of parametric values, various "experiments" can be conducted by
shocking the system with changes in a subset of the exogenous variables. Of
particular interest here is the impact oftechnology shocks having differential
impacts across the two agricultural regions (in terms of the initial shift out in
output supply and/or input demand). For example, one could compare a
scenario in which a new technology shifts out supply in the favored production
environment but not the marginal one (Elf> 0; Elm = 0, where the subscripts f
and m denote favored and marginal regions) with one in which technological
change occurs in both favored and marginal areas (Elf> 0; Elm> 0), or wit? one
in !Vhich technological change occurs exclusively in the marginal region (Elm>
0; Elf = 0).

Table A.2. Notation used in the multi-market model

Variables Shares Elasticities

Q: production A: output 1'\: commodity demand
c: consumption a: consumption £: output supply
E: technological change ~: labor demand ~: input demand
Y: income 'II: labor supply £L: labor supply
N: population 1t: farm profit
't: technology shifter <1>: fertilizer demand
Ld: labor demand 0: income
V: labor supply 0>: expenditure
B: fertilizer demand r: imports in total consumption
z: land
P: commodity price Subscripts
s: land rental rate r: region
W: nominal wage rate g: group
w: real wage rate 1: food commodity affected by technological change
f: fertilizer price 2: alternate commodity produced
TI: consumer price index A: alternate food commodity consumed

5 In Variants I and III, G is endogenous and PI is exogenous; in Variant II, G is exogenous
and PI is endogenous.
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AppendixB

Parameters Used in the Simulations

Implementation of the multi-market model developed in Chapter 2 required
assembling a sizeable set of parameters that, to a large extent, describe the
salient features of the Pakistani economy. It is characteristic of models ofthis
sort that their ability to accurately simulate the impacts of a particular sce
nario depends to a great extent on the precision of the parameters used to
initialize them. Consequently, a great deal of effort was put into computing
these data for Pakistan.

What follows is a description ofthe procedures used to compute the parameters
of the model. These may be grouped into two general categories, share parame
ters and elasticities. In all cases, these were computed using existing secondary
sources. A wealth of such sources is available in Pakistan, ranging from farm
level micro-surveys to aggregate government statistics, and in most cases the
requisite data could be teased out ofthese publications. Computation of some of
the parameters required a certain amount of guesswork, particularly with
regard to interregional and intraregional differences in share parameters
across household types. The nature of the assumptions that had to be made in
order to fill in these blanks is detailed below. Additionally, some ofthe output
supply and input demand elasticities were unavailable for Pakistan, largely
because the data necessary to estimate them is either unavailable or of in
adequate quality. In these cases, elasticities estimated for India were used.

Most ofthe aggregate data were for all of Pakistan. The farm-level data came
from farm management reports published annually by the Punjab Economic
Research Institute (PER!), and, as such, refer only to the Punjab.1 Because the
Punjab is so dominant in agricultural production in general, and wheat produc
tion in particular, it was felt that data obtained from information in these
reports are reasonably generalizable to the rest of Pakistan. Finally, in all
cases the distinction between irrigated and rainfed production environments
was based on whether or not the area was irrigated.

Share Parameters

The share data used in the model define the interregional and intraregional
distribution of production and consumption, input demand, labor supply,
expenditure, as well as the shares of household income and (for farm house
holds) farm profits attributable to various sources.

1 The PERI reports provide production, input use, consumption, and income data for landless,
small farm, and large farm households. As such, they proved invaluable as a source of data
for the model.

86



Production Shares
Time-series data on the production of wheat on irrigated and rainfed farms is
available from the Ministry of Food and Agriculture. For other commodities,
the Report of the National Commission on Agriculture contains data on value
added in all crops from 1983 to 1986, while Agricultural Statistics ofPakistan
(1983) provides data on differences in value added between irrigated and
rainfed areas. The proportion of national output of wheat and non-wheat crops
produced in irrigated areas has been relatively stable during the 1980s at about
90 and 95%, respectively. Figures for 1985 were used in the model.

Intraregional production shares were computed using data from the 1980
agricultural census (reported in both Agricultural Statistics ofPakistan of
1983, and the 1988-89 Economic Survey Statistical Supplement). These data
indicate that 62% of the total cultivated area in Pakistan is in large farms
(> 12.5 acres or 5 ha) and 38% is in small farms. It was assumed that this
breakdown was the same for both rainfed and irrigated areas.

The basic formula used to compute intraregional production shares was:

=

where ai =share of total cropped area farmed by farm-size class (FSC) i; Wi =
share of wheat in total cropped area for FSC i; and Yi =ratio of average yield
for FSC i to average yield in the region.

Cropping pattern data and yield data from the 1986 and 1987 PERI reports
indicate that there is very little difference between Wi and Yi between FSCs
within a given region-a 5% difference in wheat yields (small farms larger) and
practically no difference in Wi (large farms slightly larger). While these reports
also contain information on average cropped area for each FSC, the data are so
variable across years that it was concluded that they were not so representa
tive of the "real" a

i
as the national averages from the agric..Jtural census (the

38%-62% breakdown). Thus, these latter figures were used for ai for both rural
regions.

For non-wheat ("other crops"), the same procedure was applied to the data on
value added in non-wheat crops reported in the Report of the National Commis
sion on Agriculture. Again, little intraregional differences between FSCs were
detected for both average cropping patterns and average yields. Production
shares used in the model are presented in Tabl~B.l.
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Sources: Ministry of Food and Agriculture; Agricultural Statistics ofPakistan; Report of
the National Commission on Agriculture.

Consumption Shares
Consumption shares were computed using data from the 1980 population
census, the 1984 Household Income and Expenditure Survey (HIES), and the
1986 and 1987 PERI reports. The population census data indicate that the
regional breakdown of population is: 27% in rainfed areas, 45% in irrigated
areas, and 28% in urban areas. For urban areas, the bottom two income quin
tiles were considered to be "poor" and the upper three quintiles "non-poor." For
rural areas, the sizes of subsamples used for the PERI reports were based on
the share of each household type in total regional population. This implies the
basic population breakdown among regions and household types shown in
Table B.2.2

2 Note that these numbers imply a slightly different breakdown of small versus large farms
than the agricultural census data-Le., the census data indicate that 26.5% of all farms
were large farms, compared with the 21.2% figure implied here. It was decided to use these
numbers, rather than arbitrarily re-scaling them to conform with the census data, because:
(1) they are not terribly far apart and (2) it may be that changes occurring between 1980
and 1987 increased the proportion of small farms.
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Table B.2. Regions and household types

Household type Rainfed Irrigated Urban

Landless .07 .13
Small farm .17 .24
Large farm .03 .08
Poor .11
Non-poor .17
Subtotal .27 .45 .28

For wheat, the average per capita consumption figures for rural households
from the 1986 and 1987 PERI reports were used to compute the relative con
sumption shares across rural household types, and data from the HIES to
compute the average difference between rural and urban consumption. The
procedure followed was to: (1) compute the simple average of reported per
capita consumption of wheat for the two years; (2) compute an index relative to
the lowest consumers (irrigated region landless); (3) multiply the index by the
population shares given above to capture intraregional differences across
household types, then re-scale the resulting numbers such that the share of
rural consumption in total national consumption remained the same; (4)
multiply all rural figures by 1.25-the difference between average rural and
urban wheat consumption per capita indicated by the HIES-and then re-scale
all numbers by a constant proportion such that the overall total was 100%.
Steps (1)-(3) were performed for urban households using the HIES data. Inter
household differences in wheat consumption were minimal in urban areas,
however; in average per capita wheat consumption of poor households was only
about 2% greater than that of non-poor households.

For non-wheat, the same procedure was followed. Not surprisingly, both
intraregional and interregional differences in non-wheat consumption were
much larger than for wheat. On average, per capita non-wheat consumption by
urban dwellers was about 1.4 times that of rural inhabitants, and per capita
non-wheat consumption of the urban non-poor was about 90% greater that of
the urban poor. Table B.1 contains consumption shares used in the model.

Labor and "Other Inputs" Demand Shares
Two sources offarm-Ievel data were available to examine input demand shares:
the annual PERI farm management reports and a survey of 2,002 irrigated
farms conducted in 1976 by the Water and Power Development Authority
(WAPDA). The PERI data were used for the fo~lowingreasons:

• The PERI data are fairly recent (averages reported for 1986 and 1987 were
used), whereas the WAPDA data are somewhat dated by now.
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• The PERI data allow for a breakdown between rainfed and irrigated areas.

• The PERI input data are quite detailed, whereas the WAPDA data include
only information on nitrogen, phosphorus, and insecticide use.

The drawbacks ofthe PERI data are: (1) they are only for the Punjab and
(2) they seem to underrepresent very large farms. The first drawback is proba
bly not too serious, as the Punjab is so dominant in agricultural production in
general, and wheat production in particular. To address the underrepresenta
tion issue, the computations were based on per-hectare (as opposed to per-farm)
values for input use.

Average per-hectare labor and other input use for each FSC was multiplied by
total (national) cultivated area accounted for by each of the four FSCs (rainfed
small, rainfed large, irrigated small, and irrigated large). This latter break
down was imputed from agricultural census data on area cultivated on small
and large farms, and from the 1980 population census data on cultivated area
in rainfed and irrigated areas (for 1981) (see Table B.3 for a summary). Input
demand shares used in the model are presented in Table BA.

Table B.3. Cultivated area in rainfed and irrigated areas

Farm-size class

Rainfed small
Rainfed large
Irrigated small
Irrigated large

Cultivated area (000,000 ha)

2.25
3.68
3.77
6.17

Table B.4. Labor supply and input demand shares used in the model

Region
and group

Labor supply
share

Labor demand
share

Other input
demand
share

Rainfed
Landless
Small farm
Large farm
Regiona

Irrigated
Landless
Small farm
Large farm
Regiona

0.081
0.600
0.319
0.209

0.199
0.496
0.305
0.791

0.458 0.312
0.542 0.688
0.234 0.186

0.444 0.373
0.556 0.627
0.766 0.814

a Share of region in national total.
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Labor Supply Shares
As with input demand shares, the PERI data for 1986 and 1987, the agricul
tural census data (in this case, number of farms for each farm size class), and
the 1980 population census data were used to compute labor supply shares. The
number of farms per FSC is listed in Table B.5.

These figures were multiplied by the relevant per-farm averages for family
labor, permanent hired labor, and casual labor used per farm. Regional labor
supply shares were then computed assuming that: (1) permanent hired labor is
exclusively supplied by landless households and (2) casual labor is supplied by
both landless and small farm households (in equal proportions) (Table B.4).

As a cross-check, the same procedure was applied to the WAPDA data for all
irrigated areas. The results of this exercise yielded virtually identical results
for labor supply shares oflandless households (.192 vs..199). The implied share
of small households was about 20% greater using the WAPDA data (.595 vs
.496), and vice versa for large farm households (.212 vs..305).3

Table B.5. Number of farms per farm-size class

Farm-size class

Rainfed small
Rainfed large
Irrigated small
Irrigated large

000,000 farms

1.12
0.40
1.87
0.68

Table B.6. Expenditure shares used in the model

Region and group Wheat Other goods

Rainfed
Landless 0.115 0.885
Small farm 0.115 0.885
Large farm 0.105 0.895

Irrigated
Landless 0.116 0.884
Small farm 0.114 0.886
Large farm 0.092 0.908

Urban
Poor 0.095 0.905
Non-poor 0.059 0.941

Source: 1984 Household Income and Expenditure Survey; PERI, Farm Accounts and
Family Budgets.

3 A possible explanation for the latter differences is that they reflect the greater participation
in foreign labor markets by members of small farm households in the 1980s.
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Expenditure Shares
Urban wheat expenditure shares were taken directly from the 1984 HIES data
(Table B.6). The HIES indicated that the average rural expenditure share for
all Pakistan was .112. In order to break rural expenditure shares down into the
six rural household types, the data from the 1986 and 1987 PERI reports were
used. The PERI data imply expenditure shares that are rather high (between
.18 and .19 for landless and small farm households, .15 to .17 for large farm
households). It appeared that PERI wheat consumption data are biased up
wards (for some unknown reason), as they indicate extraordinarily high levels
of per capita wheat consumption (on the order of 180-200 kg per annum). For
this reason, the expenditure shares computed from the PERI data were scaled
down by a constant proportion such that the overall rural average was .112.
This procedure maintained the same relative proportional differences between
rural household types while at the same time bringing the numbers in line
with the overall rural averages indicated by the HIES. Non-wheat expenditure
shares are, of course, simply one minus the wheat expenditure shares.

Profit and Income Shares
Both income and profit shares were computed using PERI data reported for
1985, 1986, and 1987. These are the same parameters as those discussed at
length in Chapter 3. Three-year totals of income, profit, and their components
were computed and used to form average income and profit shares for the
1985-87 period. These are presented in Table B.7.

Table B.7. Profit and income shares used in the model

Rainfed areas Irrigated areas
Small Large Small Large

Landless farm farm Landless farm farm

Profit shares
Wheat 2.27 1.33 0.75 0.65
Other crops 1.76 0.94 1.66 1.56
Labor -1.75 -0.55 -0.48 -0.32
Other inputs -1.27 -0.71 -0.93 -0.89

Income shares
Farm profits 0.02 0.18 0.48 0.63
Farm labor 0.10 0.08 0.10 0.20 0.17 0.11
Other sources 0.90 0.90 0.72 0.80 0.35 0.26

Source: PERI, Farm Accounts and Family Budgets.
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Elasticities

The consumption demand, output supply, input demand, and labor supply
elasticities contained within the model indicate the behavioral responses of
households to changes in the prices that they face in their roles as consumers,
producers, and laborers.

Consumption Demand Elasticities
It was necessary to assemble own-price and income elasticities for wheat and
own-price elasticities for other goods in order to implement the model. Cross
price elasticities and income elasticities for other goods were derived from these
such that Cournot and Engel's aggregations conditions were satisfied.

Demand elasticities for Pakistan are available from studies conducted by
Alderman (1988) and Ahmad and Ludlow (1988).4 Both of these used the 1979
HIES data, but differed in the functional form used for estimating the systems
of demand equations. Generally, these indicate that demand is fairly inelastic
for all household groups. The Ahmad and Ludlow own-price elasticities and
Alderman's income elasticities were used.5

There is little in these studies that allows one to distinguish intraregional
differences in demand responses across household types or interregional
differences between irrigated and rainfed regions. Alderman's results indicate
that both own-price and income responses are more elastic for lower income
groups, the difference between the elasticities for low income groups and the
overall average being about .1 for income elasticities and .2 for own-price
elasticities. This is consistent with evidence from other developing countries
(Pinstrup-Andersen 1985). As such, the elasticities for small farm households
were set equal to the overall average, with the elasticities for landless and
large farm households set somewhat greater (lower). Similarly, the elasticities
for urban poor (non-poor) were arbitrarily set to be slightly greater (lesser)
than the overall urban average.

Finally, as there appeared to be no a priori reason to expect significant differ
ences in demand response in the two rural regions, it was assumed that these
were the same for similar household types. The set of demand elasticities
selected for use in the model are presented in Table B.8.

4 Additionally, Hamid et al. (1988) used estimated income elasticities derived from a
secondary source. The income elasticities used here are close to those used in their "high
demand" projections.

5 Alderman's own-price elasticities are significantly greater than one would expect, in some
cases exceeding -2, casting some doubt on the reliability of the estimates. For this reason,
the Ahmad and Ludlow elasticities were used.
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Table B.8. Demand elasticities used in the model

Region
and group 1111 11 lA 111y 11Al 11AA 11Ay

Rainfed
Landless -0.22 -1.22 0.44 -0.10 -0.84 1.07
Small farm -0.17 -1.99 0.33 -0.11 -0.74 1.09
Large farm -0.12 -3.05 0.22 -0.10 -0.64 1.09

Irrigated
Landless -0.22 -1.20 0.44 -0.10 -0.84 1.07
Small farm -0.17 -2.01 0.33 -0.11 -0.74 1.09
Large farm -0.12 -3.53 0.22 -0.09 -0.64 1.08

Urban
Poor -0.20 -2.08 0.45 -0.08 -0.78 1.06
Non-poor -0.10 -6.67 0.25 -0.06 -0.58 1.05

Note: 11ij is the elasticity of demand for commodity i with respect to item j. The
subscripts indicate the following: 1 =wheat, A =other commodities, and Y =income.

Output Supply and Input Demand Elasticities
Numerous econometric studies of supply response in Pakistan have been con
ducted over the years. Ali (1988) presents the results of several of these in a
paper in which he estimates a simultaneous system of supply equations. Most
of these estimated own-price elasticities for wheat and other crops (at varying
levels of disaggregation), as well as cross-price elasticities with respect to the
prices of wheat, other crops, and fertilizer. Generally, own- and cross-price
elasticities have been found to be rather low in Pakistan.

Recently, Pinckney (1989) estimated supply response for nine different produc
tion zones. The Pinckney study is the only one in which supply response in
rainfed regions can be distinguished from that of irrigated regions. He finds
output elasticities in irrigated areas to be about 60% greater than those in
rainfed areas. Additionally, both Ali and Pinckney estimated short- and long
run elasticities using a Nerlovian approach. All studies cited by Ali estimated
short-run elasticities.

The approach followed for assembling the supply elasticities used in imple
menting the model was as follows. The simple average ofthe short-run elastici
ties for all Pakistan estimated by Pinckney, Ali, and all studies cited by Ali that
were published in the 1980s was computed. Using these as a benchmark, the
elasticities for rainfed and irrigated areas were scaled such that the relation
ship between them was equal to that found by Pinckney while preserving the
national average. Average long-run elasticities were computed by multiplying
these short-run elasticities by a scaling factor equal to the proportional differ
ence between short- and long-run elasticities found by Pinckney for irrigated
and rainfed areas (1.23 and 1.28, respectively).
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Studies that have estimated wage elasticities of output supply are non-existent
in Pakistan. Additionally, all studies examiI)ed were unsuccessful in estimating
reliable elasticities of"other crops" with respect to wheat price. Consequently,
estimates of these elasticities for all India published in Quizon and Binswanger
(1986) were used. In these cases, the same methods described above were used
to determine short- and long-run elasticities, and interregional differences in
supply response.

I am aware of no studies that have estimated systems of labor and other input
demand equations for Pakistan. Such a system has been estimated for India by
Quizon and Binswanger, however, and these estimates were used as the basis
for the input demand elasticities employed here. Again, the methods described
above were utilized to derive interregional and inter-temporal differences in
demand response.

Finally, there was no obvious reason for assuming that output supply and
input demand elasticities differed across FSCs residing within the same pro
duction environment. Thus the elasticities were assumed to be the same for
small farm and large farm households in each area. The sets of output supply
and input demand elasticities used in implementing the model are found in
Table B.9.

Table B.9. Output supply and input demand elasticities used in the model

Short-run Long-run
Rainfed Irrigated Rainfed Irrigated

El1 0.24 0.40 0.31 0.49
E12 -0.05 -0.09 -0.06 -0.11
ElL -0.04 -0.06 -0.05 -0.07
ElF -0.12 -0.20 -0.15 -0.25
E21 -0.07 -0.11 -0.09 -0.14
E22 0.28 0.46 0.36 0.57
E2L -0.11 -0.18 -0.14 -0.22
E2F -0.22 -0.36 -0.28 -0.44

~1 0.02 0.03 0.02 0.03
EL2 0.07 0.11 0.08 0.13

Eu. -0.36 -0.59 -0.47 -0.73

Eu- 0.08 0.12 0.10 0.15
Ey1 0.05 0.07 0.06 0.09

~ 0.04 0.06 0.05 0.08
EFL 0.21 0.35 0.27 0.43

Ew -0.47 -0.77 -0.60 -0.95

Note: E.. is the elasticity of supply of (in the case of outputs) or demand for (in the case
of inpuls) good i with respect to the price of good j. The subscripts indicate the
following: 1 = wheat, 2 = other produced commodities, L = labor, and F = other inputs.
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Labor Supply Elasticities
As with input demands, there are no studies that have estimated agricultural
labor supply elasticities for Pakistan. It was felt that labor supply is probably
fairly inelastic in Pakistan; as such, the labor supply elasticities used in the
model were set at .5 for all rural households.

Sensitivity Analysis

As the preceding discussion indicates, a number of assumptions had to be made
in assembling the parameters used in implementing the multi-market model.
Knowledge of the sensitivity of the model to the choice of parameters is thus an
issue of no small concern. For this reason, a sensitivity analysis was conducted
in which each individual parameter was doubled. Comparison of the simulated
results using the altered parameter values with the results using the actual
parameter set used in the simulations presented in Chapter 4 allows a determi
nation of how damaging a "wrong" choice of parametric values is.

The results of this exercise indicated that in general the model is not sensitive
to any particular elasticity. Doubling output supply elasticities never resulted
in a change exceeding 11% in any of the simulated changes in endogenous
variables, while doubling input demand, consumption demand, and labor
supply elasticities never changed any of the endogenous variables by more than
2%. In all cases, the implications for changes in real income were quite insensi
tive to altering any of the elasticities.6

The model was found to be most sensitive to the magnitude of profit shares for
farm households. In particular, the implications for farm profits were the most
affected by changes in the profit share of wheat (but in no case did a 100%
change in this parameter lead to more than a 20% change in farm prof~.

Happily, it was felt that the profit share parameters were among the most
reliably estimated, relying as they did on a very credible source (the PERI
data). Altering the other share parameters never resulted in more than a 10%
change in any of the endogenous variables, and simulated real income changes
never exceeded 3%.

To summarize, the results of the sensitivity analysis indicate that none of the
underlying assumptions implicit in the parametric configuration of the model
had a particularly important impact on the output of the simulation analyses
reported in Chapter 4. Rather, the model appears to be quite robust, an appar
ently useful tool for the purposes for which it was developed.

6 A heuristic explanation for this is that the behavioral responses implicitly defined by the
elasticities contained in the model are so interwoven that altering any particular elasticity
does not markedly change impact of an exogenous shock to the system.
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