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The adoption of modem agricultural technologies in Bangladesh increases

overall agricultural productivity and income primarily through the increase in cereal

crop production. It, however, impedes the productivity of several other minor crops

and fishes, widens the distribution of income between the rich and the poor, exploits

resources and obstructs the sustainability of agricultural production. This study,

therefore, formulates strategies to achieve sustainable agricultural production in

Bangladesh. Specifically, the study (1) empirically estimates the effects of modem

technologies on the sustainability of agricultural production and on the distribution of

income between the rich and the poor, and (2) identifies policy variables responsible

for the development of sustainable agriculture in Bangladesh.

The study uses index number theory and derives the technological change

index and the sustainability index as measures of technological progress and

sustainability of the agricultural sector. Empirical estimates of such indices are made

based on primary and secondary information collected from the Mymensingh region,

north-central part of Bangladesh. Results reveal that the agricultural sector of the

region has exhibited an overall technological progress during the past two decades but
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has not been sustainable. Households with lower income have enjoyed relatively less

technological progress compared to those with higher income. Lower income

households are less likely to achieve sustainability under current policy trajectory,

implying that the increased adoption of modern technologies widens the distribution of

income and obstructs the sustainability of agricultural production.

Implementing alternative technological and economic policies, Bangladesh

agriculture can be guided toward a sustainable agriculture. Generation of alternative

rural employment for surplus labor; emphasis on production sectors that demand less

land but more labor, i.e., poultry production; assurance of stable and secured market

prices for agricultural products; and generation of easily adoptable technologies for

small farms are some promising policy objectives for the development of sustainable

agriculture in Bangladesh.
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STRATEGIES FOR tHE DEVELOPMENT OF
SUSTAINABLE AGRICULTURE IN BANGLADESH

1. INTRODUCTION

1.1. PROBLEM STATEMENT

An important breakthrough in agricultural development was the development

of high yielding varieties of major cereal crops coupled with chemical fertilizers,

irrigation technologies and pesticides in the mid-sixties, which was popularly known

as the Green Revolution. The adoption of these technologies has increased overall

income in most countries of the world, perhaps with the only exception being sub-

Saharan Africa (Ascher and Healy, 1990). Like other developing countries,

Bangladesh has adopted these modern technologies, principally in crop production.

The area under high yielding varieties of rice increased from 0.6 percent in 1967-68

to 38.9 percent in 1990-91. The area under wheat production also increased from

0.08 million hectares (0.63 percent) to 0.6 million hectares (4.27 percent) during the

same period as a result of the introduction of high yielding wheat varieties and

irrigation technologies (BBS, 1994a; Hamid, 1991). The consumption of fertilizers

and pesticides has also increased (Hossain, 1988).

The adoption of modern technologies in Bangladesh has increased overall

agricultural productivity and income but has widened income inequality between the

rich and the poor (Hossain, 1988; Ahmed and Sampath, 1992). Although those

modern technologies have been claimed to be size neutral, poor farmers can not

participate in the adoption process as much as the rich ones, as poor farmers can not

afford the large amount of investment in purchased inputs required for this package of
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technologies. As a result, the rich farmers, having increased income from modern

technologies, become richer and tend to out-compete the poor (typically small and

marginal farms) off their land (Hossain, 1988).

The modem production technologies of rice and wheat have been more

profitable than several other crops such as grain legumes, oil seed crops and

vegetables. The area and production of lentils and chickpeas, important sources of

protein for the poor, have been declining during the past decade (UN, 1991) as they

are being increasingly replaced by rice and wheat. Preferences of the people of

Bangladesh have shifted to rice and wheat primarily because of two reasons. First,

these two cereals constitute the bulk of the daily food uptake by the people. Second,

the production of these two cereal crops has become relatively more profitable as a

result of the adoption of modem technologies. The increasing dietary dependence on

only rice and wheat induces increased malnutrition (Alauddin and Tisdell, 1991).

The principal animal protein sources for the people of Bangladesh are fish and

poultry. Mutton and beef are a tiny portion of the total food consumption bundle, and

those are limited to urban and rich people. Poultry production has increased

substantially during the last decade (UN, 1991) with a slight increase in per capita

consumption. However, animal protein is still beyond the purchasing power of most

rural people. Fish is so far the only animal protein source that reaches the poor to

some extent. Although overall fish production has increased slightly, per capita

consumption has declined. Per capita availability of fish declined from 27 g/day in

1972-73 to 17 g/day in 19 1-92 (BBS, 1993b).
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The increase in overall fish harvest is mainly due to increased marine fishing

effort. The inland water fishery, comprising over 75 percent of the total fish

production during 1983-85, remained almost static even after a major effort by the

Department of Fisheries to affect increases. The share of inland water fishery has

declined to 72.88 percent in 1987-88 (BBS, 1989). In Bangladesh, rice fields are the

major feeding and breeding grounds for many fresh water fish species. Pesticides,

particularly insecticides, are at least in part responsible for destruction of fish spawns,

fingerlings and adult fish.

The adoption of modern technologies has been narrowing the genetic base of

many crop species by removing the traditional varieties and land races (wild

varieties), and of many animal species by poisoning with pesticides and by destroying

habitat. The majority of high yielding rice varieties grown in Bangladesh are

progenies of "JR 8", the miracle rice variety developed by the International Rice

Research Institute (IRRJ). Wheat varieties currently grown in Bangladesh are all bred

principally from the short statured Mexipak variety developed by the International

Wheat and Maize Improvement Center (CIMMYT). Because of such narrow genetic

bases, major crop species are becoming more vulnerable to adverse environments

such as pests, diseases, droughts, floods etc. and are losing their genetic adaptability

to evolve. In general, the more genetically variable a species is, the better equipped it

is to evolve to meet future environments.

Human health, in many cases, has been affected by modern agricultural

technologies. The application of pesticides has been questioned for its impacts on the

applicator, on the food consumers and on fish and wild life. There is evidence of
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contamination of surface and groundwater due to the use of fertilizers and pesticides,

although such documentation in Bangladesh has been meager. Irrigation technologies

have been depleting ground water, particularly in the dry season, and in many cases

destroying fresh water fish habitat. During the dry season, people in some areas

suffer from shortage of drinking water, as the only source of drinking water - hand

tube wells - goes dry due to competition with deep tube wells for ground water

extraction for irrigation (FSRDP, 1987).

Despite negative impacts of technological changes on sustainability of several

minor crops, fish, livestock, etc. and of natural resources such as soil fertility,

surface and ground water availability, vegetation etc., very little effort has so far been

devoted to assess the sustainability of agricultural production and to formulate

appropriate strategy and policy recommendations for sustainable agriculture. Studies

on these aspects are needed. The principal hypothesis for this study is that

technological change, though contributes to the overall increase in agricultural

productivity through the increase in cereal production, impedes the productivity of

several minor crops and fishes, widens the distribution of income between the rich

and the poor, exploits both renewable and nonrenewable resources, and as a result,

obstructs the sustainability of natural resources and agricultural productivity.

The beneficial effects of modern technologies on production of some crops

(especially rice and wheat) are well reflected in the market, but their deleterious

effects on production of others and on the environment are not reflected in the

market. The latter effects, or negative externalities, arise when the environment of

one agent is affected by the actions of another (Varian, 1992). It follows from
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previous discussion that modern technologies as used in Bangladesh may exacerbate

negative externalities. To capture the net impact of modern technologies, both market

phenomena (primarily beneficial effects) and non-market phenomena (primarily

negative externalities) need to be accounted for. Policy prescriptions should be

designed in such a way that the benefits from the modern technologies are obtained,

while the negative externalities are minimized i.e., resources are used efficiently and

equitably so that they are prevented from depletion.

1.2. OBJECTIVES

The general objective of this study is to identify a strategy (or strategies) for

development of sustainable agricultural systems in Bangladesh. The empirical focus

will be on the Mymensingh Region in the North Central part of Bangladesh.

The specific objectives are:

To derive empirical estimates of the relationship between currently used

agricultural technologies and sustainability;

To estimate the effect of currently used agricultural technologies on

income distribution within the farming sector;

To identify technologies and other variables which will affect

agricultural sustainability in the future;

To assess the future effect of sustainable farming systems on income

distribution within the farming sector; and

To suggest national policies designed to increase the development and

adoption of sustainable farming systems, including those with improved

income distribution.
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1.3. RATIONALE FOR THE STUDY

The beneficial effects of the adoption of modem crop production technologies

in terms of increasing production are well studied and documented. Possible negative

(harmful) impacts of modem technologies have also been taken into consideration in

many studies, but have been restricted mostly to the effect on widening income

distribution. Comprehensive studies considering the sustainability of an agricultural

system, i.e., focussing not only on marketable inputs and outputs but also on

nonmarketable resource stocks and flows, common property issues and externalities,

are rare. For an individual farmer, profit maximization may be the most important

issue, but for the society as a whole, sustainability is the most important issue.

Despite an increase in overall agricultural productivity in Bangladesh, per

capita food availability has not increased, as the former has been outstripped by a

higher growth rate of population. Boyce (1987) comments that the 'induced

innovation' technological change fails to operate with sufficient force to increase

agricultural productivity in Bangladesh. As a result, poverty appears to have been

increasing steadily. Additionally, per capita availability of resource stocks and flows,

such as land, soil nutrients etc., are steadily declining. Thus, when selecting an

appropriate strategy for development, the dynamics of productivity and food

availability in the long run need to be taken into consideration.

This study identifies the trend of net agricultural productivity considering

externalities (including resource flows) and change in resource stocks of the

Mymensingh region over the past two decades. Such changes can suggest whether or

not the present overall agricultural system is sustainable in the long run, i.e., whether
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net agricultural productivity remains the same over time. In addition to the overall

sustainability of agricultural productivity, this study also identifies the distributional

effects of increased productivity among farmers of different income groups. The

course of study eventually recognizes the variables that can be manipulated to redirect

the present agricultural production system toward a sustainable one. Policy

recommendations are made to affect such variables so that the existing agricultural

production system moves forward to achieve sustainability.

Based on the results of this study, policy recommendations are made for the

development of a sustainable agricultural system in Bangladesh. If policies to develop

sustainable agricultural systems are implemented, the agricultural sector and as a

result the nation as a whole is expected to be benefitted in terms of maintaining long

term productivity and of reducing income inequality.

1.4. ORGANIZATION OF THE STUDY

The thesis consists of eight chapters. The first chapter lays out the overall

problems of the agricultural system in Bangladesh, stating the general problems,

identifying general and specific objectives, providing a brief justification of the study

and finally discussing how the thesis is organized. The second chapter provides a

brief review of sustainability concepts applied to agriculture, and discusses different

approaches to theoretical and empirical measurement of agricultural sustainability.

This is followed by a chapter describing the concepts and mathematical relationships

for estimating sustainability as applied to agricultural production systems. This

chapter links neoclassical microeconomics to the concept of sustainability and explores

how microeconomic principles can be used to measure indices for sustainability of
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agricultural production systems. The fourth chapter discusses the geographic,

economic and demographic characteristics of the Mymensingh Region of Bangladesh,

where the conceptual framework is put into operation for empirical studies. The

agricultural sector of this region is reviewed and its relationship to the national

agricultural system is identified. The fifth and sixth chapters describe the procedures

for data collection and empirical estimation, respectively. The seventh chapter

provides results and accompanied discussions relating to the objectives stated in the

first chapter. The text of the thesis ends with the eighth chapter, consisting of a brief

summary, some concluding remarks, policy recommendations and limitations of the

study.



2. REVIEW OF LITERATURE

2.1. INTRODUCTION

Sustainable agriculture (SA) is an increasingly common term among

agricultural professionals, policy makers, governments, agribusiness managers and

many other groups. The concept of sustainability is used not only in agriculture, but

also in many other economic, social, physical and biological sectors (Pearce, 1988).

It is not uncommon to see phrases like, sustainable industry, sustainable ecosystem,

sustainable society, sustainable energy use, sustainable land use, etc. The root of the

word sustainability, sustain, comes from the Latin word 'sustinere' which means to

'hold up' or to keep elevated. The extensive use of the word 'sustainable' before the

name of a process (i.e., soil fertility management, natural resource conservation etc.)

or that of a system (i.e., farming systems, forest management systems, urban

community management systems etc.) to mean its long term continuance with its

present or better conditions is, however, fairly recent.

The concept of sustainability originates from the use of biologically renewable

resources such as forests and fisheries, for example the concepts of maximum

sustainable yield in fisheries, maximum sustainable harvest in forestry etc. (Dixon and

Fallon, 1989). The idea is subsequently taken up by environmentalists, making it a

slogan. Many environmentalists equate sustainability with preservation of natural

capital such as forests, watersheds, wild life etc. in their natural state. Lele (1991)

names it ecological sustainability, meaning "the existence of ecological conditions

necessary to support human life at a specific level of well-being through future

generations." Differentiating social sustainability from this, he adopted the definition

9



10

of 'sustainable economic development' put forward by Barbier (1987) as "the ability

to maintain desired social values, traditions, institutions, cultures, or other social

characteristics".

In agricultural economics, the concept of sustainability is incorporated either

as sustainable development (SD), as SA or as a combination of both, depending on

specific issues or concerns. SD captures the sustainability of an entire system in a

holistic manner concerning progress contributing to human welfare (Pearce, 1988).

But in many developing countries, SD closely resembles sustainable agricultural

development because of their heavy dependence on agriculture for economic

development. For a broader understanding of development perspective, a brief

overview of concepts and definitions of SD is included in the next section. In that

section, a fairly detailed review of SA is provided. This includes conceptual and

definitional variability, identification and measurement of variables, and measurement

procedures of sustainability. Inter-temporal total factor productivity has been

identified as a measure of sustainability whose relationship to economic theory is also

discussed.

2.2. SUSTAINABLE DEVELOPMENT

The phrase 'sustainable development' was made popular by the Brundtland

Commission1 report of 1987 to mean a development process that continues over a

The popular name after Mrs. Gro Harlem Brundtland, Prime Minister of
Norway, who chaired the meeting of the World Commission on Environment
and Development created by the United Nations, where the agenda for
sustainable development was discussed and a report was published entitled Our
Common Future.
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long period of time (Pearce et al., 1990; Arndt, 1993). Since then the concept has

gone through numerous metaphors as it applies to different disciplines and as

perceived by different groups of people. A discussion on such metaphor is beyond

the scope of this review. In this section efforts will be made to provide a basic

framework of SD concepts and definitions.

SD has been defined from a fairly narrow and specific concept of

environmentally sustainable development to a broader and more nebulous one with a

holistic and global perspective (Dixon and Fallon, 1989). For the past few years (less

than a decade), voluminous literature has accumulated concerning definitions and

concepts of SD (Brown et al., 1987; Pearce et al., 1990; Lele, 1991; Pezzey, 1992).

The Brundtland Commission defines SD as: ".. development that meets the needs of

the present without compromising the ability of future generations to their own needs"

(WCED, 1987). More specifically, this refers to the maintenance of a non-negative

rate of change in the quality of life. How the quality of life is defined and measured

depends on the values of individuals and societies.

Barbier and Markandya (1990) identify two interpretations of the concept of

SD: (a) a wider concept of sustainable economic, ecological and social development

and (b) a relatively narrower concept of environmental management over time. Both

interpretations contain time dimension and concern about future generations. Howarth

and Norgaard (1990, 1992) point out that SD concerns inter-generational equity as it

concerns the sustenance of human welfare across generations. This widely held

concept of SD, however, is challenged by Beckerman (1992) who contends that the

size of capital stock bequeathed to future generations depends on value judgements
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where economics has a small role to play. The preference structure and technological

possibilities available to future generations are unknown, and one can not find

substitution possibilities among resources for maximizing welfare levels. Thus,

according to Beckerman (1992), it is not possible to find a unique solution to achieve

SD. Entertaining this challenge may lead to selfish behavior of the current generation

leading to over exploitation of resources either willingly or unwillingly. Although

one can not identify preference structures of future generations, one can easily

visualize that over exploitation of resources at present will limit opportunities for

future generations.

SD can be interpreted in its strong form - a strictly convex development

function of time, i.e., the rate of change of development over time must be positive

(32D/3t2 > 0), or in its weak form - an increasing development function of time, i.e.,

only the change of development over time is positive (3D/at > 0) (Pearce et al.,

1990). Pearce et al. (1990) express that SD is better explained in its weak form with

the rate of change of development 'generally' positive over some specific time period.

Since development implies improvement in the standard of living (Norton and

Alwang, 1993), SD in its weak form should be a strictly increasing function of time

as indicated by Pearce et al. (1990).

2.3. SUSTAINABLE AGRICULTURE: CONCEPTS AND DEFINITIONS

SA has been a burning issue throughout the world for the past decade. It has

touched almost all relevant disciplines of agriculture and has drawn considerable

attention from policy makers, governments, and scientists of national and international

concern. Sustainability is important in all the developmental levels of agriculture,
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i.e., individual farms, communities, regions etc. Whatever the level may be, SA is

difficult to define and operationalize (Benbrook and Cook, 1990). Goodland (1989)

argues that the lack of an operational definition is due to its complex concept,

politically sensitive definitional approach and exposure to many unresolved issues.

Despite tremendous concerns and voluminous literature on SA, there are very few

empirical studies (Frye and Blevins, 1989; Flach, 1990; Korsching and Malia, 1991;

Xu et al., 1992). The empirical studies so far conducted are mostly partial, taldng

into consideration the sustainability of a particular component rather than of a whole

agricultural sector or sub-sector. Why comprehensive studies based on definitive

methods have been very few relative to the theoretical studies is an area that needs to

be explored. Following the indication of Goodland (1989), one can begin with the

definition and concept of SA.

Much of the current literature has been devoted to the debate on the concept

and definition of SA. Some people perceive SA as a philosophical goal, while others

think it as a provider of guidelines for choosing agricultural practices. There are also

people who view SA as a management strategy. Along with differences in

perceptions, there are considerable variations in using terms and/or phrases to

describe SA. The term 'alternative agriculture' is well known and has been used, in

many cases, interchangeably with SA, although Madden (1989) rightly points out that

"the term 'alternative' has never been an ideal word to describe the goal and the

movement to which it has been attached." He, however, agrees that "no term would

be universally acceptable." His personal preference is toward a new phrase

'regenerative agriculture'. While these debates are going on, some people are
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claiming that organic farming is sustainable but others are saying that low input

agriculture is sustainable. These arguments are somewhat biased toward specific

agricultural practices, reflecting the sustainability of only those practices/components

of agriculture such as soil, plant nutrition, microbial population etc. To reflect the

sustainability of a whole agricultural system, SA is perhaps the best phrase (not just a

catch phrase) as it describes the goal of a long term agricultural system and at the

same time lacks bias toward or reliance on any specific agricultural practice(s).

SA differs from conventional agriculture (CA) in the motives or goals of

society. CA is viewed as the existing agricultural system evolved over time through

technological change. Nijkamp and Soetman (1988) focus on farmers who are the

decision makers about the choice of farming systems, given the availability of

resources, markets and policies. They described three stylized types of farmers,

namely, ecological, traditional and modem farmers depending on their perception and

behavior. The practice of traditional and modem farmers can be referred to as CA

while that of ecological farmers as SA. CA possesses only the present profit/utility

maximization motive of the entrepreneur concerned. SA, on the other hand, seeks the

strategy of maximizing present net worth of a stream of benefits for the society,

rather than individual entrepreneur, without compromising the profit/utility of future

generations. The implicit assumption is that the utility function of future generations

is the same as the present generation. Besides fairly well understood distinctions

between CA and SA, there exists little disagreement among scientists and among

policy makers in designating an agricultural system as not sustainable. On the other

hand, there are considerable differences in characterizing and achieving SA. These



15

differences are, to a large extent, due to the variability in perception on the impact of

SA under various conditions. The generation of several alternative terms and

definitions to describe SA follows mainly from these differences.

2.3.1. Misperception

There are misperceptions about SA that it is a strategy of moving "backward"

in terms of evolving agricultural systems.2 Actually, it is an idea of moving forward

continuously with a long term goal and with a minimum possibility of external

disturbance or shock. Reganold et al. (1990) correctly stated that SA" .. does not

represent a return to pre-industrial revolution methods; rather it combines traditional

conservation-minded farming techniques with modem technologies. Sustainable

systems use modern equipment, certified seed, soil and water conservation practices

and the latest innovations in feeding livestock."

The second myth of SA is about its profitability, as there are beliefs that SA is

expected to be not profitable. Crosson (1989) identifies four major barriers to

adoption of SA3 in the U.S., namely, insufficient profit, federal commodity support

programs, fear of yield loss and management requirements. The main obstacle is"

most farmers perceive it to be not profitable, or insufficiently profitable, under

prevailing economic, technical and policy conditions." Whereas, while characterizing

Several alternative terms like, organic farming, low input agriculture,
ecological agriculture, conservation tilage etc. used to mean SA may have
contributed to the perception of going backward as most of these
terminologies seem to be associated with some degree of discouraging
connotations of modern technologies. People heading toward 21st century may
think this as a process of looking backward.

In his paper, he uses 'alternative agriculture' to mean SA.

2

3
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SA, Francis (1990) claims it "must be profitable in both the short and the long term."

In reality, however, SA may be less profitable compared to CA in the short run. In

the long run, the profitability of the former is higher than that of the latter when

environmental and health costs are included (Reganold et al., 1990). The concern

here is the defmition of profitability or, more specifically, the definition of cost which

determines profitability. According to microeconomic principles, if the net profit of

doing any business does not exceed the net profit of not doing business, nobody will

be involved in such a business. By the same token, SA has to be at least as profitable

as CA if it is to exist (or if it is to replace CA).

2.3.2. Toward a definition

SA has been defined in various ways as the term sustainabilily means different

things to different people, and almost every author puts some effort to furnish a

definition of SA directly or indirectly to specify the domain of applicability of his

argument. Taylor (1990) commented "There seem to be as many definitions of

alternative agriculture4 as there are proponents and opponents." Because of its multi-

faceted nature, SA is difficult to define and to put into operation (Benbrook and

Cook, 1990; Veeman, 1991).

With its normative connotation, SA has been characterized as: "should evolve

indefinitely toward greater human utility, greater efficiency of resource use, and a

balance with the environment that is favorable both to human and to most other

species" (Harwood, 1990), "ecologically sound, economically viable, socially just and

' As in Crosson (1989), Taylor (1990) also uses 'alternative agriculture' to
mean SA.



humane" (Gips, 1987), ".. rooted in a sustainable world, a world free of injustice,

oppression, and violence towards the earth and the people" (Enshayan, 1990) etc.

For a more workable definition, Tweeten (1992) views SA as an integration of four

traditional agricultural systems (1) soil and water conservation, (2) prudent synthetic

chemical use, (3) crop rotation and (4) crop-livestock systems. These traditional

agricultural systems are not free from value laden properties and their optimal levels

are difficult to define. Weil (1990) tries to provide a positive definition as:

An agricultural program, policy, or practice contributes to agricultural
sustainability if it: (1) enhances, or maintains, the number, quality,
and long term economic viability of farming and other agricultural
business opportunities in a community or region; (2) enhances, rather
than diminishes, the integrity, diversity, and long term productivity of
both managed agricultural ecosystem and the surrounding natural
ecosystem; and (3) enhances, rather than threatens, the health, safety,
and aesthetic satisfaction of agricultural producers and consumers
alike.

Although this is a fairly comprehensive definition, it is difficult to put into operation

due to reliance on many unmeasurable qualitative variables. For a better

understanding and for an easy workable concept, Lele (1991) views sustainability

from three different angles: ecological, economic and social. In an earlier paper,

Lowrance et al. (1986) report the concept of agricultural sustainability as interactions

of agronomic, microeconomic, ecological and macroeconomic sustainability. Like

Conway's (1985) agroecosystems analysis, Faeth (1990) arranged systems of

sustainability in a hierarchical manner as field system (agronomic), the land scape

system (ecological), and the regional, national or international systems.

The concept of SA has so far been viewed from a wide range of perspectives

reflected by its wide array of definitions varying from very specific to very general.

17
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Both extremes have their own advantages and disadvantages. Specific definitions are

easy to work with but are not applicable to a broader horizon because of the lack of

generality. General definitions, on the other hand, are broad based but are difficult to

work with for solving any specific problem. For the past few years, there has been a

considerable effort to make a trade-off between these two and to come up with a

common consensus of a comprehensive and widely acceptable definition (Brown et

al., 1987; Crosson, 1989; Madden, 1989; Francis, 1990; Weil, 1990; Senanayake,

1991; Pezzey, 1992; Hoag and Pasour, 1992). So far these efforts have not been able

to bear any fruit toward their intended direction. At this point it may not be a good

idea to look for a universal definition, rather, better to look for a location and time

specific definition that better serves the purpose of solving the concerned problem.

Harwood (1990) suggests use of a 'framework' definition for specific situations which

best expresses the sustainability of agricultural systems in question given the

limitations of data availability, common consensus etc. In this study, SA will be

viewed as an approach to maintaining agricultural productivity over time without

depleting the natural resource base, and maintaining/improving the distribution of

income between the rich and the poor.

2.4. SUSTAINABLE AGRICULTURE: VARIABLE IDENTIFICATION AN)
MEASUREMENT

Although there is a voluminous literature on the concept and definition of

sustainability, measurement efforts of SA have been relatively few. Other than the

conceptual and definitional variability, the major driving force that keeps many

researchers from undertaking empirical studies is the difficulty of identifying and
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measuring key variables that determine the degree of sustainability of an agricultural

system. In this section, literature on the identification of variables that are

responsible for determining sustainability and on different approaches that can be used

for the measurement of sustainability will be reviewed.

2.4.1. Identification of variables

Identifying a set of variables that determine sustainability of a system is not

simple, as sustainability itself is a dynamic and complex phenomenon and is affected

by numerous dynamic and static variables. Liverman et al. (1988) recommend that

the variables responsible for measures of sustainability should be: (1) sensitive to

change in time, (2) sensitive to change across space or within groups, (3)

predictive/anticipatory, (4) sensitive to reference or threshold values available, (5)

unbiased, (6) reversible/controllable, (7) appropriate for transforming data, (8)

integrative, and (9) relatively easy to collect and to use. However, Liverman et al.

(1988) are quick to point out that each and every variable does not have to fulfill all

the above mentioned characteristics, and many of the presently thought variables

responsible for measuring SA will not. Although these characteristics do not provide

a complete indication that which specific variable(s) can be used for measuring SA,

these may be of use to judge whether a variable is able to work.

Senanayake (1991) explains how ecological sustainability can be measured

using an index that weights the parameters chosen for the specific category of

farming. These parameters could be external inputs, energy ratios, efficiency of solar

radiation use, etc. He examines four types of variables for sustainable crop

production: (a) economic - consisting of value of inputs and outputs, (b) energy -
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consisting of energy ratio, power equivalent, efficiency of sun, (c) generic - composed

of soil residence time and biota residence time, and (d) ecological - measuring bio-

diversity. Using these variables as exogenous, he implicitly defines an 'index of

ecological sustainability' conditional upon no physical soil loss and no reduction in

residence time of biota. The variables are very difficult to measure and merely

satisfy their conditional requirements. In addition, the index measures the

sustainability of crop productivity of a certain unit of land and does not measure the

sustainability of an agricultural system of a society.

For measuring SA, variables determining physical, biological, social, cultural

and economic environments need to be considered. Many of these variables are to be

used as stocks which have no or minimum direct impact on productivity and/or

sustainability, but are important for continuing production for future generations.

Variables having direct impacts on productivity and/or sustainability need be

considered as flows. Even all the flow variables do not affect sustainability in the

same way. Some have only direct effect on sustainability and can be considered as

exogenous while others work indirectly through production and are considered as

intermediate variables. The latter variables are exogenous in some equations but

endogenous in others.

2.4.2. Measuring sustainabifity

When approaching the issue of deciding whether or not a certain system is

sustainable, one immediately finds that the measurement of sustainability is an

important issue. It is not impossible to determine the status of a system in terms of

sustainability provided we know all the responsible environmental variables, their
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interrelationships and appropriate measurements with usable units. The information

about responsible environmental variables and their interrelationships can be found

from basic knowledge in climatic, edaphic, biological, and social sciences.

The measurement of sustainability concerns two broad issues - the problem of

valuing environmental variables and the choice of a definitive technique for empirical

analysis. The first issue has drawn much attention and significant studies have been

devoted to this. The second issue has become an increasing concern to the people

engaged in agricultural development studies. The remainder of this section will,

therefore, be devoted to review relevant literature on the valuation of environmental

commodities and on different techniques that can be employed for the empirical

measurement of sustainability.

2.4.2.1. Valuation of environmental amenities

The valuation of environmental variables is perhaps one of the most important

problems in neoclassical environmental economics. Many key variables responsible

for determining SA can not be used in environmental decision making simply because

they do not have any market, and as such their effects (either cost or benefit) can not

be applied to economic decision maldng (Schulze et al., 1981; Adamowicz, 1991).

Typically, environmental amenities have use value, option value and existence value.

Although it is not possible to value those through the market activity, empirical

estimation of those is (at least in principle) possible using special techniques
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(Norgaard, l991). Hoehn and Walker (1993) discuss some of those important non-

market valuation methods for valuing environmental variables. A very short but

informative summary is provided in Hoehn and Walker (1993) which is reproduced in

Table 2.1.

The methods described in Table 2.1. are, however, not without criticism.

There are both advantages and disadvantages of using these methods for non-market

valuation, especially in terms of precision and applicability cost. However, until

more precise and sophisticated methods are developed, these can be used for valuing

environmental goods and services and as such can be used for measuring

environmental variables responsible for sustainability.

2.4.2.2. Dynamic optimization

Dynamic optimization has been a fairly well known technique for deciding

optimal harvest of renewable resources and for determining optimal extraction of non-

renewable resources. With the recent advancement of computer technology, use of

dynamic optimization technique in forestry (timber harvest), fishery (optimal fish

catch) and mining resources (optimal extraction) has become quite common. Since

sustainability is a dynamic concept and requires a continuous constrained

optimization, dynamic programming seems a useful technique for sustainability

5 Although there is a burgeoning literature on the description and effectiveness
of these techniques of non-market valuation, it is not possible to include a
detailed review of such literature in this section. Details of these techniques
are available in Randall (1987), Pearce and Turner (1990) and several
resource and environmental economics texts. Empirical studies on such
techniques can be found in recent issues of most agricultural, resource and
environmental economics journals.
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Table 2.1. Usual methods used for the valuation of environmental amenities (Adapted
from Hoehn and Walker, 1993)

Method

Substitute service approach

Productivity approach

Hedonic approach

Travel cost approach

Constructed market
(Contingent valuation)

Description

Uses the cost of substitute market good as a proxy
for the environmental good

Values an environmental good by its impact on
commercial or household production

Values environmental quality by analysis of prices
for market goods that are tied or linked to
environmental quality. Land price analysis is
common since land values are tied to local
amenities.

Uses travel cost as the demand price of visiting a
site. Applied specially to recreation sites.

Values environmental programs directly using
survey and experimental methods.

measurement.

Using dynamic optimization, Barbier and Markandya (1990) develop a model

for achieving environmentally SD. The objective of their simple model is to

characterize the conditions necessary to maintain the environmental sustainability.

The basic framework they use is that the rate of environmental degradation is a well

behaved convex function of net waste flow and net resource consumption which

ultimately are the functions of the level of economic activity and the stock of

environmental resource. Built into this simple model are Pearce and Turner's (1990)

rules. Exhaustion of resources (composite) should not exceed the regeneration rate

and waste emission should be within the assimilative capacity of the environment. If
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such conditions are met, then the economy is sustainable and society has the option

to choose an optimal growth path depending on the rate of time preference. Whereas,

if the conditions are not met, the economy is not sustainable and society has no way

out of unsustainability, given the parameters of the model.

This simple model, providing an intuitively appealing conclusion that both

initial level of environmental quality and social discount rate are important factors for

determining optimal choice between sustainable and unsustainable growth, but fails to

provide any guideline on how an unsustainable economy can achieve sustainability.

In addition, Pearce and Turner (1990) define environmental degradation as a function

of consumption, implying that consumption comes from environmental resources.

Also, sustainability - as used in this model - means zero environmental degradation,

i.e., waste emission is equal to assimilative capacity of the environment, and the sum

of the rate of harvest of renewable resources and that of extraction of non-renewable

resources is equal to the regeneration rate of renewable resources. This implicitly

assumes that technological changes are either nonexistent or negligible to affect

resource conservation or degradation. This assumption may not be unrealistic for

determining sustainability of many natural resources such as water sheds, forests etc.,

but it will be insubstantial for that of agricultural systems which are heavily

influenced by technological change. In the latter case, sustainability measurement

needs to take into consideration productivity and the rate of change of productivity

with technological change.
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2.4.2.3. Total factor productivity

Productivity is traditionally used as a physical measure of the rate of output

produced per unit of input used in the production process. This is an efficiency

concept, as higher productivity simply implies that either more output can be

produced with a given bundle of inputs or the same output can be produced with less

amount of the relevant input bundle. Productivity measurement begins mainly with

one factor, that is, production of a output per unit of a particular input such as labor,

capital etc. This is known as partial factor productivity. Since productivity of an

output depends typically on more than one factor, recent studies have focussed

attention on many factors - the measurement of multi-factor productivity. In the same

way, total factor productivity (TFP) measurement takes care of the effects of all

possible inputs for the production of a particular output or an aggregate output

(Nadiri, 1970; Christensen, 1975; Antle and Capalbo, 1988; Squires, 1988).

A promising approach to measuring SA is through the measurement of inter-

temporal TFP defined in terms of productive capacity of an agricultural system over

time. Inter-temporal productivity is traditionally used to measure technical change

(Chambers, 1988). However, when it includes all 'unpriced' contributions from

natural resources and environments and 'unpriced' production flows, the productive

capacity becomes a measure of sustainability (Ehui and Spencer, 1993). This idea

was first put forward by Lynam and Herdt (1989) as one of their several propositions

about SA in developing countries. They point out that inter-temporal TFP taking into

consideration conventional inputs, and natural resource stocks and flows can be a
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measure of sustainability. Sustainability here simply implies maintenance of

productivity over an extended period of time. Lynam and Herdt (1989) stated:

The appropriate measure of output by which to determine
sustainability at the crop, cropping or farming system level is total
factor productivity (TFP), defmed as the total value of all output
produced by the system over one cycle divided by the total value of all
inputs used by the system over one cycle of the system; a sustainable
system has a non-negative trend in TFP over the period of concern.

The economic rationale behind the use of TFP as a measure of sustainability

can be better explained from the measurement of TFP using growth accounting or the

index number approach. As will be explained in Section 3.4.1., the growth of TFP

measures the residual growth in aggregate output not accounted for by the growth in

aggregate factor input. It is, therefore, a measure of shifting production function

solely as a result of changes in time. Chambers (1988) identified three closely

related, but not exactly identical, interpretations of TFP as (1) the average product of

an aggregate input, (2) a measure of the rate of technological change, and (3) a

measure of input effectiveness in producing output before and after the technological

change. However, the growth of TFP can be meaningfully used as an index of

technological change under certain neoclassical economic assumptions such as

competitive behavior in both input and output markets, constant returns to scale

production function, Hicks neutral technological change and input output separability

(Anile and Capalbo, 1988; Chambers, 1988; Squires, 1988).

The technical reason for using the inter-temporal change in TFP as a measure

of sustainability can also be visualized from the same concept. If the shift of a

production function is a long term continuous process, i.e., if there is no effect that

shifts back the same or other production functions, then the production process is
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sustainable and the amount of shift is a measure of sustainability. For a more

moderate situation, if the shifting of the production function is more than the sum of

its effect on shifting back the same or other production functions, the production

process is sustainable, and the difference between the forward shifting and the sum of

the backward shifting (i.e., the net shift) is a measure of sustainability.

The production function ordinarily shifts as a result of technological

improvement, but may shift back due to resource constraints and externalities.

Therefore, as a measure of sustainability, the inter-temporal change in TFP needs to

take into consideration resources and externalities in addition to technological

improvement. Ehui and Spencer (1990) conclude that the inter-temporal change in

TFP is an appropriate measure of sustainability as it addresses the change in

productivity of a system and does not allow resources to decrease.

In this study, following Ehui and Spencer (1990, 1992, 1993), inter-temporal

change in TFP will be used as the indicator of sustainability (sustainabifity index,

when expressed in index form). In such a case, TFP measurement includes all

conventional inputs, conventional outputs, resource flows, resource stocks and

externalities. On the other hand, inter-temporal change in TFP measures taking into

consideration only the conventional inputs and outputs (but not resource flows,

resource stocks and externalities) will be used as the indicator of technological change

(technological change index, when expressed in index form) following Chambers

(1988) and Antle and Capalbo (1988). The remainder of this chapter, therefore, will

be devoted to issues of measurement of TFP and its relationships to economic theory.



28

The choice of inter-temporal TFP as a measure of sustainability follows from

the definition of SA used in this study. Since the principal objective of SA in many

developing countries (especially in those countries which are agro-based but are

deficient in food) is the maintenance or improvement of productivity without

destroying the natural resource base, inter-temporal TFP with a constraint of

maintaining the natural resource base is perhaps the best currently approach to

measuring SA.

The inter-temporal TFP, either as a measure of sustainability or as a measure

of technological change depending on the variables included, can be empirically

measured. Christensen (1975) points out several issues of non-parametric approaches

to productivity measurement such as index number procedures, value added vs. gross

output etc. Antle and Capalbo (1988) and Squires (1988) mention the possibility of

an econometric (parametric) approach using a flexible functional form. Thus, there

are two ways of measuring TFP: (1) using econometric analysis (parametric) and (2)

using growth accounting or index number procedures (non-parametric).

The econometric approach to productivity measurement is based on

econometric estimation of production technologies directly through the production

function or indirectly through cost or profit functions using duality theory (Antle and

Capalbo, 1988). Empirical studies employ flexible functional forms such as translog,

generalized Leontief etc. and then apply restrictions to the functions to make them

well behaved according to neoclassical microeconomic theory. The growth

accounting or index number procedure is based on compilation of all inputs and all

outputs into input and output indices, and on computation of TFP indices as ratios of
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output and input indices. Several formulae are available to compute TFP indices, a

short description of which is given in the following sub-section.

The choice between the two approaches for computing TFP is an empirical

question, and depends on research objectives, data requirements, data availability, and

appropriateness of assumptions (Antle and Capalbo, 1988). The index number

approach needs strong assumptions such as Hicks-neutral technological change, long

run competitive equilibrium etc., but has important advantages of no degrees of

freedom or statistical reliability problems. The econometric approach allows the

researcher to relax some assumptions but only at the cost of additional statistical

assumptions. Chambers (1988) concludes that "neither approach is perfect since one

approach (index number) only offers measurement by approximation whereas the

other approach (econometric) usually requires the choice of a specific functional

form." Anile and Capalbo (1988), however, consider both approaches are appropriate

and one can be evaluated using the other as they are linked through production

theory. Many researchers (Christensen, 1975; Antle and Capalbo, 1988; Squires,

1988, 1992; Ehui and Spencer, 1990, 1993) favor index number procedures for

measuring TFP because of convenience in estimation procedure and no problem of

degrees of freedom. The index number procedure is more effective than econometric

procedure for capturing 'nonprice' inputs and outputs and as such for the

measurement of sustainability. This study, therefore, uses the index number approach

to measure TFP both for the measurement of the sustainability index when 'nonprice'

inputs and outputs are included along with the conventional ones and for the



measurement of the technological change index when only conventional inputs and

outputs are included. A short review of different index number formulae follows.

2.4.2.3.1. Index number theory

Several index number formulae are used in economic studies. Diewert (1976,

1981) shows that the index number procedure contains production theory under

neoclassical microeconomic assumptions. Different index number formulae have

different implications for the properties of index numbers and as such are concerned

with different functional forms of production. Some commonly used index number

formulae are as follows:

Laspeyres index - Laspeyres price and quantity indices are widely used in

statistical data reporting. These take a specific previous time period's price or

quantity as reference and are commonly referred to as base-year indices. The general

formulae for price and quantity indices are:

1$

E P' X°
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where, P and X denote price and quantity, respectively, and subscript and superscript

denote commodity and time period, respectively.
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Paasche index - The Paasche index is also simple and widely used. Instead of

taking a previous time period's price or quantity as a reference, it takes current price

or quantity and, therefore, it is commonly known as current year price or quantity

index. The general formulae for price and quantity indices are:

Pu Xi1

PP- (2.2a)

Pu0 X'

Pu X1'

Q- (2.2b)

Pu1 X°

Fisher Ideal index - The Fisher Ideal index also uses both time periods under

consideration. This is the geometric mean of Laspeyres and Paasche indices. The

formulae for Fisher Ideal price and quantity indices are:

and

n

i=1

S.1(P,/P°) (2.3a)
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where, S denotes revenue (cost) share.

Divisia index - The Divisia index measures continuous changes in prices or

quantities. It is a line integral and is defined by infinitesimal changes in price or

quantity. Because of its path independence nature, it conserves all the information in

the problem up to an arbitrary normalization (Hulten, 1973). The general formulae

for price and quantity indices for period t are:

(2.3b)

Tornqvist index - The Tornqvist index is a discrete approximation of the

continuous time Divisia index. It uses price or quantity of both time periods under

consideration as references rather than using only one as in the case of Laspeyres and

Paasche indices. The formulae for price and quantity indices are:
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a,
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rt,E S,(t) (dlogX1fdr)dt (2.4b)
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2.4.2.3.2. Economic theory and index numbers

Index number formulae imply certain assumptions with respect to TFP

measurement, as there are underlying production functional forms in each aggregate

index for measuring TFP. The Laspeyres and Paasche indices are exact for either

linear or Leontief production functions, i.e., there is either perfect or no

substitutability among the inputs. Similarly, the Geometric index is exact for the

Cobb-Douglas production function, and the Tornqvist index is exact for a

homogenous translog production function. Therefore, economic theory of production

and index number procedure are inter-linked.
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Depending on the form of the linked production function, Diewert (1976,

1981) classified a group of indices as superlative6 which are exact for flexible

functional forms. The Divisia index, the Tomqvist index and the Fisher ideal index

are examples of such superlative indices.

Which index number should be chosen for empirical studies depends on the

situation. Diewert (1981) says "it doesn't matter, provided that the variation in prices

and quantities is not too great going from period 0 to period 1" as in that situation

Laspeyres, Paasche, Tornqvist and Fisher Ideal indices yield the same result.

Maddala (1979) suggests that for productivity measurement, functional forms are

relatively less important than other matters such as measurement errors, aggregation

problems, economies of scale etc. However, superlative index numbers such as the

Divisia, the Tornqvist and the Fisher Ideal are in general preferable to the Laspeyres

and the Paasche index numbers because of their superlative nature, exactness to

flexible functional forms and freedom from restrictive assumptions of substitutability.

Since flexible functional forms are not self dual, one needs to decide for a

superlative index number whether to choose a quantity index with an implicit price

index or a price index with an implicit quantity index. This becomes more important

when the time differences in price or quantity being compared are not small. Diewert

6 A quantity index is superlative if it is exact for an aggregator function which
is capable of providing a second order differential approximation to an
arbitrary twice continuously differentiable linearly homogeneous aggregator
function (Diewert, 1976). Analogously, a price index is superlative if it is
exact for a unit cost function which can provide a second order differential
approximation to an arbitrary twice continuously differentiable unit cost
function (Diewert, 1981). The term superlative, however, is due to Fisher
(1922) who defines a quantity index to be superlative if it is numerically close
to his (Fisher Ideal) index.
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(1981) suggests to use the variation in price and quantity ratios between the two

periods. If the variation in the quantity ratio is less than that in the price ratio, then

the superlative index number for quantity is used with a corresponding implicit price

index. If, on the other hand, the variation in the quantity ratio is higher than that in

the price ratio, a superlative index number for prices should be constructed with a

corresponding implicit quantity index.

In this study, whether to choose a price with an implicit quantity or a quantity

with an implicit price is relatively less important because the time difference between

any two periods is fairly small. To measure inter-temporal TFP, the Tornqvist index

number formula will be used as it is superlative, is a discrete approximation to the

continuous time Divisia index and is exact for a translog functional form. Hulten

(1973) comments that "the Divisia index is the best choice among index numbers,"

given the existence of an aggregate in an open space, the linear homogeneity of that

aggregate and the existence of an observable price normal. However, the continuous

time Divisia index can not be computed from economic data as the data sets are in

discrete form (monthly, quarterly or annual). The Tornqvist index becomes a close

approximation to the Divisia index as the difference between adjacent time periods

gets smaller. It follows that, for this study, the Tornqvist index is the best.



3. CONCEPTUAL ERAMEWORK

While SD is defined somewhat differently by different authors, there is

agreement among different definitions with respect to their emphasis on the well being

of future generations along with that of the current generation. This implies that

future generations should not be made worse off for the benefit of the current

generation. More specifically, future generations should be left with enough

opportunities so that they can have at least as much utility as the present generation

has. This is a value judgment, and a simple market solution does not exist because of

the complete market power of the current generation as opposed to zero power of

future generations.

Agrarian societies derive their utility primarily from agricultural production.

They use agricultural products directly for their food subsistence and indirectly for

other nonagricultural consumer goods. In terms of agriculture, therefore,

sustainability means the maintenance (if not improvement) of the current level of

productive capacity over time. Future productivity should not be sacrificed for

increased current productivity. In this chapter, SA will be viewed as the maintenance

(or improvement but not decrement) of productivity over an infinite horizon of time

with the presence of technological dynamics and resource constraints. Incorporation

of technological dynamics into the model accommodates the more realistic situation

where technological improvement over time is a regular phenomenon. Additionally,

resources employed in agriculture are not constant over time; they can be increased or

decreased. SA (defined for this study), however, does not allow decrement of

resources.

36
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3.1. THEORETICAL MODEL

Determining the welfare relationship between the current generation and future

generations is difficult, as the preferences and market activities for future generations

are unknown. Perhaps the best way to integrate future and current generations into

the economic decision maldng process is to assume that both generations participate in

economic activity as members of the same society. Using the typical neoclassical

microeconomic framework, we can describe the relationship of utilities between any

two generations. Following Norgaard (1991) and Howarth and Norgaard (1992), the

simplest possible scenario involving the current generation and one immediate future

generation is depicted in Figure 3.1. Here the vertical axis represents the utility of

the future generation (Uf) and the horizontal axis represents the utility of the current

generation (Uc). The economic efficiency criterion dictates whether a society is on or

below the utility possibility frontier (UPF)7 and the sustainability criterion determines

whether it is on, above or below the 450 line from the origin. The point where the

slope of the social indifference curve (a diagrammatic representation of social welfare

function (SWF) of a society composed of two generations) is the same as that of the

UPF, i.e., where they are tangent to one another, is called the constrained "bliss

point". This point determines the socially optimal utility of the two generations

(Layard and Walters, 1978). The market solution is sustainable if the tangency point

7 Bishop and Woodward (1994) named this curve the "efficiency frontier"
because it is composed of the loci of efficient utility points with different
allocations of resources between the two generations. In this study, this curve
will be called the "utility possibility frontier" as it is made up of the
combinations of maximum utility the two generations can obtain, given the
resource constraint.
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Figure 3.1. Socially optimal allocation of utilities between two consecutive generations

is on or above the 45° line from the origin. Why this is so will be explained later

during the derivation of the UPF.

The social indifference curve represents the attitude of society toward the

distribution of a given amount of welfare between the two generations. A movement

along the curve shows that one generation is gaining utility at the expense of the other

while total welfare remains the same. The convexity of the curve shows that the

higher one generation's utility is, the less willing is the society to allow that

generation to receive any more utility (Cole, 1973). This follows from the principle

that the marginal increase of welfare decreases as a society and/or an individual

becomes increasingly well-off (Bernoulli-Nash SWF). The extreme cases are Leontief
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(Rawisian SWF), when social welfare is measured based on the least well-off people

in the society, and linear (Utilitarian SWF), when every individual's utility receives

the same weight irrespective of how well-off the individual is (Boadway and Bruce,

1984).

The concavity of a utility possibility frontier can be explained using the four-

quadrant diagram presented by Bishop and Woodward (1994) - Figure 3.2. As in the

previous figure, Uf and Uc represent utilities of future generations and the current

generation, respectively. Similarly, Rf and Rc represent resource endowments for

future generations and for the current generation, respectively. In this highly

simplified model, resources are considered fixed and are infinitely divisible. It is also

assumed that the population in both the generations remains the same, that is, zero

population growth. Resources can be allocated in any proportion between

generations, but any quantity used by the current generation is not available for the

future generation, or vice versa. There is also no waste or decay of resources, as any

amount not used by the current generation will be used by the future generation.

In the four quadrant diagram (Figure 3.2.), point F is on the 45° line from the

origin. At this point the current generation is using OA amount of resources leaving

OB for the future generation. Both generations are enjoying the same amount of

utility, and as such there is no inter-generational discrepancy in utility allocation.

Under this situation, the society is on the highest possible SWF, given the assumption

that the SWF is convex.

However, if the current generation uses more resources than OA and leaves

less than OB for the future generation, then the future generation will not be as well-
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Figure 3.2. Derivation of utility possibility frontier for two consecutive generations

(Adapted from Bishop and Woodward, 1994)

off as the current generation. This situation is presented in Figure 3.3, where the

current generation uses OA' leaving OB' for the future generation. In this case, the

inter-generational utility allocation point, F', is below the 45° line indicating that the

current generation is enjoying more utility, leaving less for the future, and therefore,

the future generation is not as well off as the present generation is. This situation is

clearly not sustainable and the society is not on the highest possible SWF.

3.1.1. From Generation to Specific Time Period

The inter-generational utility comparison, such as illustrated in Figures 3.2

and 3.3., is an oversimplification of continuous dynamic utility changes. In reality,

Utility function fcx the
foture

UP?

Uc

Utility function for
the current geneaation
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Figure 3.3. The current generation uses more resources leaving less for the future

generations are hard to distinguish for a society as they continuously overlap.

Although birth and death are clearly discrete phenomena for an individual, these are

continuous natural processes for a society, and generational differences are barely

noticeable. In the literature, these are typically captured using overlapping generation

models as are done by Howarth (1991) and Howarth and Norgaird (1992). The time

difference between generations can be of any arbitrary length. It is, therefore,

possible to construct a continuous or discrete time dynamic utility comparison model

using any arbitrary time interval. The rate of utility change can be estimated for such

intervals. In such cases, sustainability implies maintaining maximum possible utility

with a non-negative rate of change over time.
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3.1.2. From Utility to Agricultural Production

Maintenance of utility across generations requires some form of inter-

generational transfer of assets (Howarth, 1990). There are different mechanisms of

inter-generational transfer of assets in different societies depending on prevailing

institutional systems. Some obvious forms are provisions of food, shelter and

education to children, bequests, charities etc. However, simple asset transfer, though

necessary, may not be sufficient for maintaining utility across generations. Solow

(1974) showed that the maintenance of constant per capita consumption across

generations is possible provided population growth is bounded and sufficient

technological progress or substitutability between natural resources and inputs is

available to maintain production. Therefore, maintenance of per capita consumption

requires a non-negative trend of per capita production across generations.

Agriculture is an area whose sustainability is more important than others for

human welfare (Strong, 1989). Human welfare depends on consumption which

depends, to a large extent, on production. Agriculture is the enterprise responsible

for satisfying the most important basic needs such as food, clothing etc. for human

beings and for several animal species. SD of a society, defined as non-negative rate

of change of per capita consumption, relies on the sustainability of agricultural

systems. This reliance is greatest in developing countries when such had agro-based

economies.
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3.2. MATHEMATICAL MODEL: UTILITY AND PROFIT MAXIMIZATION

A mathematical model is presented in two subsections. The first of these

contains a general model, and the second contains a specific operational model for the

purpose of undertaking empirical studies.

3.2.1. General mathematical model

From the welfare perspective, utility is a function of consumption which

depends on producible goods and services, flow of technology and institution, and the

stock of natural resources. This can be expressed mathematically as

where,

U = utility at time t

C = consumption at time t

B = vector of stock of resources (natural, technological, institutional) at

time t

Q = vector of consumer goods and services produced from agricultural sector

(agricultural output) at time t

X = vector of inputs required to produce Q at time t

= a netput vector of flow of resources (externalities) at time t

The netput vector of flow resources Z, may act either as an output or an input

vector, or may be a combination of both input and output variables. The producer

has little or no control over Z while pursuing profit maximizing objectives and thus it

U = U(C, B) (3.1)

C = C(Q,Z) (3.2)

Q = Q(X, Z, B) (3.3)
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has been considered as a separate vector. This includes net change in soil nutrient

composition, soil organic matter, soil physical properties, and change in climate such

as drought, flood, cyclone, sudden pest/disease attack, air and water pollution, etc. If

the net aggregate flow of resources is increasing over time (positive externalities

dominate over negative), Z is positive and is considered as a vector of outputs. But

if such flow is decreasing over time, Z is negative and is considered as a vector of

inputs.

Consumer goods are typically produced through the combined employment of

some non-renewable, self-regulating renewable and non-self-regulating renewable

resources. Resources here include both man-made and natural resources. The

production process, in most cases, involves externalities over which the producer has

no control. Ordinarily, externalities are not taken into consideration while production

decisions are made based on a profit maximizing objective. However, for a

production process to be sustainable, the profit maximizing objective needs to take

into consideration all factors (i.e., all inputs, resource flows, resource stocks,

externalities etc.) in the decision making process.

3.2.2. Operational mathematical model

Based on this general conceptual model, an operational mathematical model is

developed which permits empirical estimation of the relationship between farming

systems (technology used), income distribution, and various endowments on the one

hand and agricultural sustainability on the other. Integrating the constraints of non-

decreasing output and resource stock, the generalized profit maximization model

(assuming 4 as output) proposed by Ehui and Spencer (1990) can be written as:
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Max = PQtQt(.)+PzfZt-G{Qt(.),Z,w,B,tj (3.4)

by choosing Q, and 4,

subject to the constraints

Q+1()Q() and B+1B,h(B,Q)
where,

7r = aggregate profit at time t, including all benefits and costs of resource

exploitation

P = vector of product prices at time t

P2 = vector of resource flow prices at time t. Depending on whether

resource flow is positive or negative, P2 represents a vector of output or input prices.

G(.) = a well defined variable cost function

W = vector of variable input prices at time t

h(.) = net growth of renewable and nonrenewable resource stock

Q, 4, B, = as defined above.

3.3. PRODUCTIVITY AND SUSTAINABILITY

How TFP can be used as a measure of sustainability is a relevant question. In

agriculture, sustainability can be thought of as a characteristic of maintaining a

farming system's productive performance over time. In a very simplistic sense, if a

system can maintain its productivity over time, then the system is sustainable and if

not, then it is not sustainable. The term productivity here does not necessarily imply

only farm output. Rather, a composite measure of the entire system is being

considered, including resource flows, resource stocks and externalities associated with
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farming activities as inputs or outputs depending on their net impact on farm

productivity.

The issue of the relationship between productivity and sustainability is not

new. Almost two decades ago, Conway (1985) defined sustainability as the ability of

a system to maintain productivity in spite of stress and perturbation. Building on the

same concept, Lynam and Herdt (1989) define sustainability as "the capacity of a

system to maintain output at a level approximately equal to or greater than its

historical average." From an ecological perspective, conservation of resources

implies sustainability as it permits the maintenance of productivity (Young, 1989).

Thus, maintenance of productivity over time is a requirement of sustainability. As

Lynam and Herdt (1989) point out "the appropriate measure of output by which to

determine sustainability at the crop, cropping system or farming system level is total

factor productivity."

The inter-temporal productivity relationships can be expressed in the same

way as in the case of the utility function. For convenience, we can reproduce Figure

3.1 with different labels of its axes (Figure 3.4). Here, the horizontal axis represents

the production of the current time period and the vertical axis represents the

production of the immediate future time period. The curve drawn in the positive

quadrant is a production possibility frontier (PPF) representing the maximum possible

output that can be obtained during the two time periods with a given set of input

(resource) endowment. The concavity of the PPF comes from the principle of

diminishing marginal productivity which can be explained by a mechanism similar to

that presented in Figure 3.2 for utility comparison. Assuming efficient production,
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Figure 3.4. Productivity and resource allocation between two consecutive generations

any point on the PPF below the 450 line is not sustainable as it allows producing more

in the current time period and leaving less for the future time periods. From this

over-simplified model of inter-temporal productivity comparison, it is possible to

develop a continuous or discrete time dynamic model for productivity comparison

using any arbitrary time interval (An argument similar to that presented for inter-

temporal utility comparison is applicable here). Therefore, the inter-temporal

productivity comparison is a measure of sustainability. As Ehui and Spencer (1993)

propose, "a system will be said to be sustainable if the associated inter-temporal TFP

index, which incorporates and values changes in the resource stock and flow, does not

decrease."
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3.4. MEASUREMENT OF TOTAL FACTOR PRODUCTIVITY

Different approaches available for the measurement of TFP have been

reviewed in the previous chapter. The index number approach to productivity

measurement is considered the most appropriate for this research. An important

advantage of using index number theory is that it is free from any degrees of freedom

problem. The economic rationale for using inter-temporal TFP as a measure of

sustainability and technological change, and the arguments for choosing index number

theory for TFP measurement are explained in detail in Section 2.4.2.3. Therefore,

what follows next in this section is a specific procedure of using TFP as a measure of

sustainability and technological change.

3.4.1. Index number approach to productivity measurement

The conventional approach to the measurement of TFP involves indexing both

inputs and outputs as:

TFP=9 (3.5)
x

where, Q denotes the index of aggregate output and X denotes the index of aggregate

input. The rate of change of TFP can be obtained by taking a time derivative of the

logarithm of TFP as:

aInTFP - aln(Q/x)



TEP=(-) (3.6)

This indicates that the rate of change of TFP is the difference between the rate

of change of aggregate output index and that of the aggregate input index. In other

words, TFP measures the residual growth in output not accounted for by the input.

To estimate the rate of change of TFP, estimation of the rate of change of Q and that

of X are necessary. Using the Tornqvist index number formulae for output and input

(equation 2.5b), the rate of change of TFP can be estimated as:

TFP=Q-X
= O.5(R+1 + R)(1nQ+1 - InQ) - O.5(S+1 + S) (1nX1 - 1nX)

where, R and S denote revenue and cost shares, respectively and Q and X denote

aggregate output and input, respectively. As usual the subscripts denote time periods.

3.4.2. Solution to the maximization problem

The maximization problem specified in equation (3.4) can be expressed in the

Lagrangian format as:

Max L = + - G(Q,Z, t) - °1{Q+1 - Q]
+ O2[B+1 - B - h(B, Q)]

where,

L = Lagrangian function at time t

0, 02 = Lagrange multipliers

The first constraint says that future aggregate output can not be less than

current output and the second constraint says that future aggregate resource stock can

not be less than current aggregate resource stock plus the growth of aggregate

(3.7)

(3.8)

49
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resources. The presumption here is that the aggregate resource flow Z includes both

exhaustible and renewable resources and both positive and negative externalities. To

keep the aggregate resource level at least the same, the net growth of renewable and

nonrenewable resources has to be at least non-negative (h(.) 0).

The first order conditions are:

LQ = 1Qt - GQ - - O2hQ = 0 (3.9a)

= - G = 0 (3.9b)

= Q+1 - Q = 0 (3.9c)

L02 = B+1 - B - h(B, Q) = 0 (3.9d)

where, LQ, L, L01 and L02 are the partial derivatives of the Lagrangian function with

respect to Q, Z, O and 02, respectively. GQ and G are the partial derivatives of G

with respect to Q and Z and hQ is the partial derivative of h with respect to Q,

respectively.

The first equation of the first order conditions (3.9a) states that the marginal

output price (P) equals the marginal cost of production (GQ) plus the marginal cost

of keeping the output level non-decreasing (Or) plus the marginal cost of keeping the

resource level non-decreasing (O2hB). The second equation of the first order condition

says that the marginal benefits from resource flows should equal marginal cost. The

third and fourth equations automatically guarantee the satisfaction of the constraints of

output and resource stock non-decreasing. Therefore, when the resource flow is

positive, the total cost ((ii) becomes:

G = WX + 01Q + 02hBB (3.10)



implying that, for tracking sustainability, the cost function should include values of

keeping aggregate output and aggregate resource stock non-decreasing over time.

Changes in productivity over time as measures of sustainability need to take into

consideration all these aspects. Under such conditions, an agricultural production

function can be expressed with the following implicit variable cost function, using

duality theory:

G (3.11)

where, G, Q, Z, B, and W are defined as before. O is the value of keeping output

non-decreasing over time, A is the value of keeping resource stock non-decreasing

over time, and I is the inter-temporal efficiency difference indicator. Inclusion of

both B and A may seem double counting. But it is conceivable that, in practice,

efforts may be undertaken to keep the resource stock non-decreasing while, at the

same time, resource depletion may go on. The underlying assumption behind this

assertion is that resource stocks decrease in the absence of efforts for their

maintenance (or improvement). An example of efforts to keep resource stocks non-

decreasing is the expenditure made on Research and Development (R and D) to

augment technologies and policies so that resource stocks, such as, surface and

ground water reserves, cultivable land area, biological diversity, human health etc.

are not decreased or deteriorated as a result of continued adoption of modern

technologies in agricultural production. Such R and D activities include judicial use

of surface and ground water for irrigation, regulation of river flows, management of

floods and other natural hazards, maintenance of drainage facilities, preservation of

51
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biological diversity, control of soil, water and air quality against agro-chemicals, and

the like. Under extreme situations, when efforts are completely successful, a change

in B (resource stock) becomes non-negative and the entire cost is captured by a

change in A. Such successes mean that R and D efforts generate sufficient

technologies and policies not to allow the aggregate resource stock to decrease. In the

other extreme, when there is no effort, a change in A becomes zero and the entire

cost is captured by a change in B. Under this situation, no expenditure is made on R

andD.

Assuming that the cost function is quadratic (without restricting it to any

specific function), Diewert's (1976, 1981) quadratic lemma8 can be applied into the

logarithmic form of equation (3.11) which gives equation (3.12).

8 Diewert's (1976, 1981) quadratic lemma showed that if a function f(x) is
quadratic in an open convex set S, then for every x1, x2 E S, the following
identity is true:

fix1) - fix2) = O.5[Af(x1) + 2V[x2)].[x1 - x2]

where, Vf(x1) is the gradient vector of f(.) evaluated at x1, i = 1, 2. This
translates that the difference between two values of a quadratic function is
equal to the average of the gradient evaluated at both points multiplied by the
difference of the two points.
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(3.12)

Assuming constant returns to scale production function and a competitive markets for

all inputs and outputs, i.e., zero economic profit and exogenous input and output

prices, the first and second terms can be reduced to their respective average revenue

shares times their respective differences in outputs in logarithmic forms. The third

term can be reduced to the logarithmic differences of resources between two points in

time using Schaefer (1957) type technological notion9. The fourth term reduced to

the average cost share times the logarithmic difference in input prices using

Shephard's lemma. Using short notations a, j3 and 'y for the fifth, sixth and seventh

terms, respectively, we can rewrite equation (3.12) as:

9 Schaefer (1957) noted that with a given effort, the rate of resource harvest is
directly proportional to resource stock. And with a given level of resource
harvest, the rate of harvesting cost is inversely proportional to resource stock
or dlnG/dlnB = 4.
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1nG+1 -lnG
= O.5(R1) + RQ).(1nQ+l - 1nQ) + O.5(Rt+l) + R).(1nZ+1 - InZ) (3.13)
+ O.5(Sx(tl) + - lnW) - (InB+1 - InB) + + + y

Rearranging equation (3.13) and solving for - 'It gives Ehui and Spencer's (1990)

inter-temporal TFP measure in an index form as:

- = - (InG4.1 -InG)
+ O.5(R1) + RQ).(InQf+l - 1nQ) + 0.5(Rt+l) + R).(InZ+1 - 1nz) (3.14)
+ O.5(S%(+1) + S1).(ln w;1 - In W) - (InB1 - InB) + +

In the primal space, the cost equation in its simplest form is G = The

divisia index computed from the time derivative of the logarithm of the equation gives

= s1x + s3', and the Tornqvist approximation of that is:

A]nG = InG1.1 - 1nG

= °5(5x(t+1) + SXC).(IlXt+1 - 1nX) (3.15)

+ O.5(Sx(t+l) + S).(1nW+1 - 1nW)

Substituting equation (3.15) into (3.14), we obtain the index of inter-temporal change

of TFP in the primal space as follows:

- = O.5(R1 + R&.(IIIQt+i - InQ)
+ O.5(Rf$1) + R).(InZ+1 - 1nZ) (3.16)

- 05(5X(t+1) + S).(InX1 - hiX) - (InB+1 - InB) + +

Now it is time to see what happens if the net aggregate resource flow is

decreasing. When the net resource flow is negative, Z would act as a vector of

inputs. Thus, instead of the vector Z itself, the price vector of Z, P2k, becomes an

argument in the cost function and the empirical form becomes:

= (3.17)
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Relying on the same assumptions and transformations used in equation 3.12, equation

3.18 can be reduced to:

]nG,1 -mG,
= 0.5 (R, 1) + RQ).(In Q - hi Q,)
+ 0.5 (5z( + 1) + SZ,) .a1PZ(+ 1) - InP,)
+ 0.5 (S1(, + S1).(ln W41 - In W) - (InB,1 - mB,) + a, y

In this case, the cost equation in the primal space is G, = w,x1 + i1z1 and the

divisia index is = s,x + sw + si' + ;z. The Tornqvist approximation of this

divisia index is:

LInG = InG,1 -mG,
= 0.5 (Sx(,+ + SX,).(InX,+l - InX,)

05(5x(t+1) +S).(inJ3' -InW)
+ 0.5 (Sz(,+ 1) + 5,) (lnZ,41 - InZ,)

+ 0.5(Sz(t+l) + 5z,).(l11P,+l) - mnPz)

Equating (3.19) and (3.20) and rearranging, we obtain:
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(3.19)

(3.20)



- Yt = O.5(R + RQ).(1r1Q+l - 1nQ)
- O.5(Sz(+l) + SZ).(lrIZl - InZ)
- O.5(Sx(r+l) + SXt).(lnXt+I - lnX?

-(InB+1 -1nB) +a+ l3
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(3.21)

Equations (3.16) and (3.21) indicate that the formulation of the Tornqvist

index number to capture sustainability requires information about the dynamics of

prices and quantities of aggregate output, aggregate input, net aggregate externality

including resource flows, aggregate resource stock, and efforts to keep aggregate

output and resources non-decreasing (or increasing).

If there are efforts to keep outputs and resources non-decreasing (or

increasing) over time, , and i3 have non-zero values. Such efforts are expected to

have effects on the dynamics of the level of outputs and resources. In such a case,

for a long term sustainability of a system, both of these (constraints) are important.

For empirical studies, however, it is very difficult to determine the actual values of a

and The expenditure made to keep outputs and resources non-decreasing increases

the total cost of the agricultural sector dollar for dollar, and therefore, this can easily

be considered as an input to the sector. Benefits (if any) of such an expenditure are

reductions of loss of outputs and resources, and are directly captured in changes in Q

and B. Thus, there is no need to consider such reduction effects in at and j3

separately. Input effects of those can be thought of as the expenditure made to keep

outputs and resources non-decreasing. Incorporating such an expenditure into the

total cost takes care of a and f3 and makes the empirical analysis attractive as it does

not affect the integrity of the model but makes the analysis easy and simple.
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The question remains to be addressed is how to obtain the expenditure on

efforts to keep outputs and resources non-decreasing. One obvious answer is to try

for an estimate using opportunity cost procedure. However, this is a very expensive

(and perhaps imprecise as, in many cases, direct costs are not available) procedure.

The other alternative is to use the total expenditure (private plus public) on R and D

in the agricultural sector as the cost of keeping outputs and resources non-decreasing.

The implicit assumption here is that the expenditure made on R and D is solely to

keep outputs and resources non-decreasing (or increasing). The empirical analysis of

this study uses the aggregate expenditure on R and D in agriculture, water resources

and rural development. More rationale for using this as a measure of efforts to keep

outputs and resources non-decreasing is provided in section 5.2.2.3.



4. THE MYMENSINGH REGION OF BANGLADESH

The Mymensingh region is one of eight agricultural regions of Bangladesh. It

is composed of five administrative districts namely Mymensingh, Jamalpur, Sherpur,

Netrakona and Kishoregonj. This region has been agriculturally important because of

its highly fertile land, and has been popularly known as "Urbara Mymensingh"

meaning "fertile Mymensingh". The Bangladesh Agricultural University, is situated

in the center of the region.

4.1. GEOGRAPHIC PARAMETERS

The region is situated in the North-Central part of Bangladesh.'° The region

is located between 24 and 25.50 N latitude and between 89.5 and 90° E longitude.

The total area of the region is 5026 square miles, 9.04 percent of the total area of the

country. It is situated at the foot hills of some rugged hills at the southern outskirts

of the Himalayas. The region is bordered by high lands of the Indian province of

Assam at its north and with similar geo-political regions of Bangladesh at the other

three sides. The topography is fairly flat, with a gentle slope towards the South-East

and some high lands at the northern border. It is bounded by two main rivers of

Bangladesh, the Jamuna (the Brahmaputra) and the Meghna from the west and east,

respectively. Both these rivers originate from the Himalayas and carry sediments

with their flowing water. They are responsible, to a great extent, for the fertility of

the region. Several areas of the region receive flash floods from the river Old

Brahmaputra, a channel across the region connecting the Jamuna and the Meghna.
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The region has a subtropical monsoon climate with wet summers and dry

winters. Winters are quite pleasant with moderate temperature and sunny days.

Summers, on the other hand, are hot, humid and cloudy or rainy. Maximum and

minimum temperatures on average are approximately 36 and 10 degrees celsius,

respectively. The region receives on average 2000 mm rainfall with three-fourth

falling within the months of June - September (BBS, 1989).

4.2. ECONOMIC AND DEMOGRAPHIC CHARACTERS

The economic development of Mymensingh region is similar to the overall

development of rural Bangladesh. Its five district head quarters are linked through

bus routes. Three of them, Mymensingh, Jamalpur and Kishoregonj have also

railway communications. The Old Brahmaputra serves as an important navigating

channel for small manual and engine boats. During the rainy season (July -

September), communication and transportation by boats become easier as many low

lying areas and small rivers also become available for navigation.

The region's economy is primarily based on crop production, with some

relatively minor contributions from livestock, fishery, forestry etc. There are two

sugar mills and some cottage industries, but there is no heavy industry or mining

resource. The region is relatively densely populated, occupying only 9.04 percent of

the total area of Bangladesh but holding 10.35 percent of the total population of the

country11. Ninety percent of the population live in rural areas. As in other parts of

Bangladesh is very densely populated. A popular comparison usually made is
that the total area of Bangladesh is almost equal to the area of the state of
Wisconsin but the population is almost half of the United States.
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Bangladesh, over 90 percent of the population are Muslims with the rest being Hindu,

Christian and Buddhist.

4.3. AGRICULTURAL SECTOR

Agriculture is, by far, the most important sector contributing toward the

economy of the region. Rice and jute are the dominant crops. The region occupying

only 9.04 percent of the total land of the country produces, on average, 14.5 percent

of the total rice (Hamid, 1991). Year round sequential rice production (producing

two or even three crops per year) is not uncommon in the region. Wheat is the

second most important cereal crop and is grown during the winter season. Several

other minor crops such as grain legumes (mung beans, chickpeas, grass peas etc.), oil

seed crops (mustard, sesame etc.), vegetables (cabbage, radish, potato, tomato,

eggplant etc.) are also grown. Small scale banana plantations are fairly common in

almost all areas where flood risks are low. In a small high land area of the region,

pineapple is an important fruit crop. Several other fruit plants such as guava,

pomegranate, jack fruit, papaya etc. are mainly grown within or around the

homestead areas.

Because of its highly fertile land and flash floods (which carry sediments rich

in plant nutrients), the region uses relatively lower rates of chemical fertilizers and

pesticides than other parts of Bangladesh. Principal chemical fertilizers used are

urea, triple super phosphate and muriate of potash. Due to its high rainfall during

summer, the rice crop grown in the season does not need irrigation. Crops grown in

winters are sometimes irrigated, depending on water availability and requirements of

the crops. Major irrigation procedures are flooding either by lifting surface water
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through low lift pumps, or by lifting ground water through both shallow and deep

tube wells. Manual lifting of surface water for irrigation for rice crops and small

scale manual pumping of underground water for vegetable crops also are fairly

common. In many areas, irrigation water extraction through shallow and deep tube

wells lowers the aquifer, and small hand tube wells, the only source of somewhat

pure drinking water, go dry (FSRDP, 1987). The aquifers are, however, completely

recharged during the monsoon season (Rahman et al., 1975; Rashid et al., 1989;

Ahmed et aL, 1991; Mojid, 1993).

In addition to crops, the farmers of the region ordinarily rear cattle, buffalo,

sheep, goat and poultry on their farms. Cattle and buffalo are primarily raised to be

used as draft animals, with a few being kept primarily for dairy and beef purposes.

Goats, sheep and chicken are typically raised for meat and egg supplies. As most

other parts of Bangladesh, the region is highly deficient in dairy products and animal

proteins. The other principal source of protein is small fresh water fish captured

from the low lying areas and rivers passing through the region.



5. DATA SOURCE AND DATA COLLECTION

Using index number theory to measure inter-temporal change in TFP as an

index of technological change requires time series data on price and quantity of all

conventional inputs and outputs. However, for the construction of a sustainability

index, time series data sets on price and quantity of all inputs and outputs as well as

other flow and stock variables and externalities are necessary. Therefore, the

empirical study satisfying the objectives requires data sets on prices and quantities for

all conventional agricultural inputs and outputs, and prices and quantities of natural

resources and externalities involved in the production process. Both primary and

secondary data were collected in order to satisfy the aforementioned data

requirements. A detailed description of each of these follows.

5.1. PRIMARY DATA

The primary data set consists of quantities of most inputs (land, labor, draft

animal, seed, fertilizer, irrigation and pesticide) and outputs. Output data include

most crops grown in the region and livestock and fish products'2 (Table 5.1). Au,

Aman and Boro are three different types of rice grown in three different growing
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12 Only fresh water fish is available, as the region does not have access to the sea,
and refrigeration in the transportation and marketing systems is inadequate for
fish caught out of the region.



Table 5.1. Farm outputs for which data on quantity were gathered through primary
data collection procedure

SubgroupGroup

Crops Cereal

Cash

Oil seeds Rape and mustard, Sesame, Linseed, Ground nut,
Coconut

Pulses Lentil, Chickpea, Black gram, Mung bean, Grass
pea

Vegetables Potato, Sweet potato, Tomato, Cabbage,
Cauliflower, Arum, Okra, Radish, Eggplant,
Beans, Cucumber, Indian spinach, Water gourd,
Pumpkin

Spices Chili, Onion, Garlic

Fruits Mango, Banana, Pineapple, Jack fruit, Papaya,
Melons, Litchi

Livestock Meat Mutton, Beef, Chicken, Duck

Dairy Milk from cattle and buffalo

Egg Chicken, Duck

Fish Fresh water* Carp, Catfish
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Description

Local Aus rice, HYV Aus rice, Pajam Aus rice,
Local Aman rice, HYV Aman rice, Pajam Aman
rice, Local Boro rice, HYV Boro rice, Pajam Boro
rice, Wheat

Jute, Sugar cane, Tobacco

* The region does not have access to sea and no marine fish is produced. Only fresh
water fish is available either from managed or unmanaged water bodies.
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seasons13. Their production technologies, input requirements and output produced

are different. Production technology, input requirements and output produced are

also different for local, modern (HYV) and Pajam'4 varieties grown as either

Aman or Boro. Prices of all these types of rice are also different. Therefore, the

nine different types (combination of growing seasons and origins) were considered as

individual crops, rather than treating rice as a single crop. Statistical data are also

reported for individual types of rice. The crops listed in Table 5.1. constitute more

than 95 percent of the gross cropped area in the region. Alauddin and Tisdell (1991)

claim a coverage of 97 percent of the gross cropped area of the country with crops

fewer than those included in this study.

13 The growing seasons for Aman and Boro are March - August, March -
December and November - June, respectively. and Boro rice are
periodically fixed, i.e. they require a certain period to complete their life
cycle depending on varieties. Their sowing and harvesting time can be
manipulated within the range of the growing season. Aman rice, however, is
time fixed (photosensitive), i.e. it matures at a specific time of the year
(November - December) irrespective of sowing or planting time.

14 The rice variety Pajam was unofficially introduced in Bangladesh from
Malaysia around the same time when the miracle rice variety, IR 8, was
introduced. It is thought that it was introduced in Malaysia from Japan and
was named 'Jam' after Japan and Malaysia. When it was brought to
Bangladesh (then Pakistan), it was named 'Pajam' after Pakistan, Japan and
Malaysia. The rice variety was first adopted in the Aman season. But later
on, because of its photo-insensitivity, it was subsequently adopted in the
and in the Boro seasons. Until the 1980s, neither the Bangladesh Rice
Research Institute nor the (Bangladesh) Department of Agriculture Extension
recognized this variety as a recommended variety, and therefore, its
production statistics were not separately reported.



5.1.1. Data Source

The source of primary data are the sample farmers of the region. Although

farmers of Bangladesh do not keep any written record of their inputs and outputs,

they have their own estimates, which form the basis for their production decisions.

By interviewing a person responsible for household decision making, typically the

head of the household, reasonably accurate information can be obtained.

5.1.2. Procedures for Data Gathering

The primary data gathering procedure consists of preparing the questionnaire,

sampling the farm households, interviewing the respondents and compiling the

information. The questionnaire was prepared and printed in advance. Which outputs

and inputs were to be included in the questionnaire was decided based on secondary

information. The questionnaire15 was made completely structured, i.e., all the

questions were close ended. For clear understanding of the respondents, the local

units of measurements were used. While tabulating the data after completing the

gathering process, the local units were converted to international units. Although

only output and input data were needed, area under cultivation and yield of crop

output were also included for cross checking the amount of output. Production

information for one previous year was included in the questionnaire with the

expectation that during recalling last year's production information, the respondent

will remember the missing or forgotten information (if any) for the current year's

production. Since Bangladeshi farmers are, in general, illiterate and do not keep any

15 A copy of the questionnaire used for primary data collection is presented in
Appendix B.
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written record of production, we have to rely on their memory for production and

related information.

Sampling was done in different stages. First, for a better representation, the

region was divided into two strata: medium high land area and Haor (low lying

seasonally flooded) area based on the agro-ecological conditions. Of the 47 Thanas in

the region, approximately two-thirds are in the medium high land area and one-thirds

are in the Haor area. A total of six villages, four and two from the medium high

land area and the Haor area, respectively, were randomly selected. Then from each

village, 15 farm households were purposively sampled so that the proportion of the

sample farm households under different farm size categories matches the actual

proportion of farm households under those categories in the region, and no non-farm

household is sampled.

In Bangladesh, agricultural households are broadly classified either on the

basis of owned land area or on the basis of cultivated (operated) land area. The

former classifies all households as landless, marginal, small, medium and large. The

latter method first makes a distinction between farm households - owning a cultivated

area of at least 0.05 acres, and non-farm households - owning a cultivated area of less

than 0.05 acres or no agricultural enterprise. The cultivation of areas less than 0.05

acres is characteristically done for growing vegetables in the homestead area (kitchen

garden). In many cases, the side structures of houses and rooftops are used for

growing creeper vegetables. Although, in a strict sense, these are farming activities,

they contribute very little to cash income generation and are scarcely affected by

modern technologies. Households having only these activities were classified as non-
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farm households following BBS (1986). The farm households were then classified as

small - having a cultivated area of 0.05 to 2.49 acres, medium - having a cultivated

area of 2.50 to 7.49 acres, and large - having a cultivated area of 7.50 acres or more.

The Bangladesh Census of Agriculture and Livestock: 1983-84 (BBS, 1986)

reports that the percentages of small, medium and large farm households in the

Mymensingh region were approximately 70, 25 and 5, respectively. These figures

are very close to national averages. Based on this information, 63, 22 and 5 (a total

of 90) small, medium and large farm households, respectively were selected for

primary data collection.

For each farm household, the principal male, i.e., the head of the household

was interviewed. All the households sampled were male headed. Although there are

female headed households in Bangladesh, they deal mostly with non-farm activities.

As it was expecied that most heads of households would be illiterate, a face to face

interview was conducted with each head, either by a well trained interviewer

employed by the researcher or by the researcher himself. The interviews conducted

by the employed interviewer were then checked and reviewed by the researcher.

5.2. SECONDARY DATA

Secondary data sets, consisting of prices and quantities of inputs and outputs,

were assembled for the period beginning with 1972-73 through 1991-92. These are

presented in Appendix C. The reason for choosing 1972-73 as the beginning year is

that Bangladesh obtained its independence in December 1971. Although the Green

Revolution technologies were introduced around the late-sixties, detailed regional

statistical records on all agricultural production were not available until after the
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independence of Bangladesh in 1971. In addition, because of political turmoil and

change, massive modification of government policies occurred after the independence

of Bangladesh.

The secondary data set consists of prices and quantities of the same set of

outputs and inputs included for primary data collection. There were other resource

flow and supporting secondary data collected and generated for this study. Details of

those follow.

5.2.1. Data Source

The principal source of secondary data sets on conventional inputs and outputs

is the Bangladesh Bureau of Statistics (BBS, 1983, 1985, 1990, 1993b, 1993c,

1994a). Several monthly reports published by BBS were also used whenever

necessary. Data from this source were supplemented with those from some other

organizations, agencies and missions such as the Bangladesh Agricultural

Development Corporation (BADC), the (Bangladesh) Department of Agricultural

Marketing (DAM), the Bangladesh Ministry of Agriculture (BMOA), the

Implementation, Monitoring and Evaluation Division (IMED) of the (Bangladesh)

Planning Commission, the Bangladesh Bank, the World Bank, USAID etc.

The BBS publishes statistical data each month in its monthly bulletins. At the

end of each year, it also publishes an annual summary. The BMOA, the BADC and

the DAM periodically publish reports containing data on several aspects of

agriculture. The Bangladesh Bank publishes monthly bulletins containing data on

different economic and financial aspects. The BBS also conducts a census every ten

years, typically during the first year of a decade. It also conducts some special



surveys focussing on specific issues. The 1991 census report has not yet been made

available for distribution. The secondary data base on agriculture and food grains

compiled in Hamid (1991) was also used as a data source.

5.2.2. Procedures for Data Gathering

Most of the conventional input and output data were directly obtained from

various sources mentioned above. In some cases, regional data were computed by

adding up the sub-regional data or by decomposing national data. For several

variables, data were not reported or because of the lack of well developed market

system, price data can not be obtained. For such variables, specific techniques were

employed for generating numerical data.

5.2.2.1. Input Data

Among different input quantities, the number of laborers employed in

agricultural production, pairs of draft animals, and amount of seed are not directly

available in the statistical reports. The total number of laborers employed in

agriculture was calculated from the economically active population in the region

multiplied by the sectoral share of labor employment in agriculture. Hossain (1992)

derived a decreasing share of labor employment in agriculture over time. The

number of pair of draft animals used for agricultural activities was computed from the

total number of working cattle in the region multiplied by the sectoral share of draft

animal use. In both cases, the rate of change of unemployment over time was

assumed negligible. Seed is another input on which direct data were not reported.
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To calculate total amount of seeds of different crops, the average seed rates (taken

from DAE, 1993) were multiplied by the total cropped area of the respective crops.

Data on input prices, such as draft animals and land rent, were also not

available. There was no well developed market either for draft animals or for land

rent. It was found in some cost-benefit studies that the rental rate of draft animals is

almost twice that of labor. Following that, twice the wage rate was used as the price

(actually rental rate) of draft animals per pair. A sensitivity analysis of this

assumption is presented in section 7.1.2. For computing land rent'6, it was assumed

that all land has the opportunity to be used for rice production. With that assumption,

the difference between total revenue and total cost from an acre of rice was used as

the land rent. Prices of seeds were also not reported in regular agricultural statistics.

Prices of seed (grains for most food crops, tubers for potato and sets for sugar cane)

are always much higher than the producer price, and in most cases, around double.

Prices of seeds of particular crops were computed by doubling the producer prices of

the respective crops. Prices of pesticides were additional information not reported in

published statistics. Assuming a certain real price of each of granular, emulsifiable

concentrate and soil pesticides, nominal prices for every year were generated by

adjusting by the inflation rate.

16 Ahmed et al. (1993) quoting a research by Hossain M. et al. (1990) argue that
the cultivation of land does not involve any cost to its owner as the rate of
land price increase is higher than that of inflation and interest on commercial
bank deposits. Economic studies, however, include rent on owned land as a
cost, and the estimated cost of not using land could be taken as rent.
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5.2.2.2. Resource Flow Data

The primary nutrient (nitrogen, phosphorus and potassium) balance was used

as the resource flow measure. The nutrient balance'7 of a region refers to the

difference between the sum of all added nutrients and the sum of all removed

nutrients for a given period of time. The principal sources of addition are: (1)

atmosphere, (2) organic manure, (3) chemical fertilizers, (4) biological fixation and

(5) soil sedimentation. Some nutrients are also added through pesticides and faeces of

birds, fishes and other animals present in or above the soil. The removal of nutrients

are through: (1) crop harvesting, (2) leaching, (3) volatilization and (4) erosion

(Stevenson, 1986; Pieri, 1992).

The removal of nitrogen, phosphorus and potassium through crops was

computed by the amount of total output for a specific crop multiplied by the

proportion of nutrient removal of the same crop according to FAO (1970) and Panda

(1991). The volatilization loss of nitrogen was assumed as 15 percent of the total

added fertilizer nitrogen. Volatilization loss ranged between 6 - 8 percent of applied

nitrogenous fertilizer in flooded soil, 19 percent in sandy loam soil and 9 - 40 percent

in fine sandy loam soil (Nelson, 1982). For this study, an average of 15 percent was

assumed. Leaching loss of nitrogen commonly averaged 25 to 50 percent of added

nitrogenous fertilizer (McNeal and Pratt, 1978) depending on rainfall, soil cover, soil

permeability etc. In this study, a mid-point of 35 percent was assumed.

17 FAO (1970) used the term 'nutrient balance' interchangeably with 'balanced
nutrient.' These two phrases mean two different things. Balanced nutrient
simply means the availability of all essential nutrients in proper proportions
and in proper amounts in the soil for optimum plant growth at a given time.
This does not deal with dynamics of nutrient as 'nutrient balance' does.
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The addition of nitrogen, phosphorus and potassium through fertilizer was

directly computed from the total amount of each fertilizer applied times their nutrient

content. The addition of nutrients through manure was difficult to obtain as there

were no data on the amount of manure used, and the nutrient content of manure

varies with the composition of manure. Since the major nutrient rich component of

manure is cow dung, nutrient addition through manure was computed by the total

number of adult cattle and buffalo multiplied by their average dung production and

nutrient content of dung (Gaur et aL, 1984). This may seem an overestimation of

nutrient addition through manure, as part of cow dung produced is used as fuel.

However, such a seemingly over-estimation can be thought of counter-balanced by the

exclusion of dung produced by calves and of organic matters other than cow dung

contained in manure. Biological nitrogen fixation varies from a few kg/ha/year to a

several hundred kg/ha/year depending on the crop grown, associated microbes,

environment and availability of free living nitrogen fixing organisms (Evans and

Barber, 1977). For symbiotic nitrogen fixation by leguminous crops in the United

States, Stevenson (1986) considers an average rate of 55 kg/ha/year of legume

cropped area a conservative estimate. In this study, the total nitrogen fixation was

computed by the total area under grain legumes (lentil, chickpea, black gram, mung

bean, grass pea, pea nut) multiplied by the same average rate. Nitrogen addition

from the atmosphere varies from 0.78 kg/ha/year to 22 kg/ha/year depending,

primarily, on thunderstorms activity and rainfall. For Bangladesh, 10 kg/ha/year is

assumed to be a reasonable rate.



5.2.2.3. Other Supporting Data

Inflation rates and sectoral costs (R and D) were used as supporting data.

Annual inflation rates were taken from the most recent bulletin of the Bangladesh

Bank (1994). This was measured as the cost of living index determined by the

amount of money needed to purchase the same market basket as was for the base

year. The R and D cost is the amount of expenditures made by the government and

other organizations (mainly non-governmental organizations and donor agencies) on

agriculture, water resources and rural development. Expenditures on water sources

and rural development were included in the R and D cost because these ultimately

contribute to agricultural production to a great extent. This is an overestimation in

the sense that not all water resources and rural development expenditures are made

for agricultural production. However, it can be argued that the principal purpose of

such expenditures is to increase agricultural productivity. There are some

expenditures on agricultural and general education which contribute to agricultural

production but were not included here. Thus, the R and D expenditure included in

this study can be considered a reasonable estimate for the expenditure made on

agricultural R and D. These were taken as the expenditure for keeping the

productivity non-decreasing (or increasing) and for avoiding natural resource

depletion.
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6. ESTIMATION PROCEDURE

6.1. TECHNOLOGY AND SUSTAINABILITY

Following the conceptual and mathematical model laid out earlier, both the

technological change index and the sustainabiity index were empirically estimated

using inter-temporal TFP changes. The definitions of the technological change index

and the sustainability index provided in Section 2.4.2.3 and the conceptual framework

laid out in Chapter 3 (especially Section 3.4.1) were used to derive empirical

estimates. The Tornqvist bilateral index for measuring inter-temporal TFP change

was used as a measure of sustainability, i.e., the sustainability index was computed

directly from equations (3.16) and (3.21). Efforts of keeping outputs and resources

non-decreasing are externalities18. Their output effects are captured in changes in Q

and B, and their input effects are included in resource flow vector (Z). Thus,

equations 3.16 and 3.21 can be expressed as:

SI1 = O.5(R1 + RQ)(InQ+l - lnQ)
- 05(5x(t+1) + St)(h1X+1 - hiX) (6.1)

+ O.5(Ez(t+l) + Ez) (lnZ.1 -InZ) +(lnB -mB)

where, SI stands for sustainability index and as usual, R and S are revenue and cost

shares, Q, X, Z and B are aggregate output, aggregate input, aggregate resource
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18 In Bangladesh, efforts to keep output and resource stock and flow non-
decreasing can be expressed through research and development activities (of
course with the assumption that the farmers maximize their production within
given resource endowments) on agriculture and natural resources which are
either funded directly by the government or by different external agencies in
collaboration with the government, but are completely controlled by the
government. The farmers receiving costs/benefits of such activities have no
role on technical (what to research, how to research, or what and how to
develop) or financial (how to fund the activities) decision making.
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flow (externality) and aggregate resource stock, respectively. E represents either

revenue share or cost share depending on the net impact of Z. The subscript t

denotes the time period and the subscripts other than t indicate whether the revenue or

cost shares are coming from output, input or resource flow.

Without the aggregate form, for a two time periods (0 and 1), n outputs, k

inputs, 1 resource flows and m resource stocks, equation (6.1) becomes:

SI01
=

O.5(r1' + r4°) (Inq' - lnqg0)

- O.5(s' + ;°) (1nx' - h;0) (6.2)
i=1

+ O.5(e, + e°) (In;' - lnz,°) + (Inb' - mb10)

where, the small letters represent the individuals represented by their respective upper

case letters. Now the subscripts represent individuals and the superscripts represent

time periods. The first term is the change in aggregate output (sum of all output

changes weighted by their respective revenue shares); the second term is the change

in aggregate input (the sum of all input changes weighted by their respective cost

shares); the third term is the change in externalities (including resource flows); and

the fourth term is the change in resource stock.

Using the above equation, the sustainability index between two consecutive

fiscal years were computed. Revenues were calculated using prices and quantities of

all 54 outputs from which total revenues of the farming sector for each fiscal year in

current prices were computed. The current revenues were then deflated using the

inflation rate as measured by the cost of living index. From the deflated revenue,

revenue shares were computed. The output quantities were also converted into
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natural logarithmic form. Similarly, prices and quantities of all inputs were collected

from which their respective costs in current prices were computed. The costs were

then deflated by the same inflation rate and converted to cost shares. As in the case

of outputs, inputs were also converted into natural logarithmic form.

Soil nutrient balance was used as a measure of externality or resource flow.

The nutrient balance measures total addition of the three primary nutrient elements,

nitrogen, phosphorus and potassium and the total removal of those from the soil. At

the end, the difference between addition and removal is a measure of nutrient

balances. If the nutrient addition is more than removal, the nutrient is considered as

output. On the other hand, if the addition of nutrient is less than removal, the soil

becomes nutrient deficient and we consider the nutrient deficit as input and as a cost

to the system. The other important variable is R and D expenditure, the expenditures

made by the government for the agriculture, water resource and rural development

sectors. Water resource and rural development sectors were included in this because

both these contribute to agricultural production (crops, livestock and fish). The R and

D cost is the combined cost of keeping output non-decreasing over time and the cost

of keeping resources non-decreasing over time. Consideration of R and D costs is

very important in the case of Bangladesh because the expenditure is made by the

government and people making production decision have no control over it.

For measuring the technological change index, data on farm outputs and

inputs and their respective prices were used. Revenues and costs at current and

deflated prices were computed using the usual procedure mentioned above. Revenue

shares, cost shares, input and output indices were also computed following the same
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procedure. The differences between computing the technological change index and

the sustainability index are that for the former only inputs and outputs were used, but

for the latter externalities as resource flows measured by soil nutrient balance and R

and D costs were included. Therefore, for computing the technological change index,

the third and fourth terms of equations (6.1) and (6.2) were not required. The

technological change index between two consecutive time periods involves only the

first two terms as presented in the following equation (6.3):

n

TC101 = O3(r' + r°)Onq1' - 1nq10)
i=1
k

- O.5(s' + s°) (In;' - In;0)
i=1

6.2. TECHNOLOGY AND INCOME DISTRIBUTION

Technological changes in agriculture affect income derived from agricultural

production. Farm households in Bangladesh receive most of their income from crop

production, with only a small portion coming from livestock, poultry and fish. In a

general survey, it is hard to capture actual income, as in almost all the cases the

respondents' have a tendency to under report (Hossain, 1988). One way to avoid this

problem is to use the respondents agricultural production to compute income. For the

purpose of this study, however, determination of absolute income was not necessary.

Rather, the effect of technological change on relative income change among different

income groups was needed. Assuming a linear relationship between farm size and

(6.3)
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household income, farm size groups'9 were used as proxies for income groups.

Ahmed and Jones (1991) also used farm size groups as income groups (they termed

as social classes) for computing the impact of income distribution from different

irrigation technologies. Because of scarcity of land, all farmers try to use their entire

land resource as indicated by a very small portion of currently fallow land (Hamid,

1991; BBS, 1994a). Ahmed (1988) comments that the income, employment and

consumption of rural people of Bangladesh are determined by their land ownership

and access to agricultural land. The primary data collected for this study shows a

simple correlation coefficient between farm size and cash income is 0.877 (n9O)

indicating the robustness of the assumption. Since land is the most important binding

constraint for agricultural production and as such income, land holding can be

assumed linearly related to household (farm) income. The implicit assumptions are

that economies of size and input constraints other than land are negligible. Thus, the

impact of technological change on different farm size (land holding) groups can be an

appropriate proxy for the impact of technological change on different income groups.

To be able to examine the impact of new technologies on income distribution,

inter-temporal changes in TFP indices as measures of technological change were

computed for each farm size group, using the procedure described above. Production

statistics by farm size were not directly available. To derive that information, inputs

and outputs for each farm size group were obtained from the primary data. Then

19 Farm households are categorized as small - owning a cultivated area of 0.05
to 2.49 acres, medium - owning a cultivated area of 2.50 to 7.49 acres and
large - owning a cultivated area of 7.50 acres and above. A detailed
description has been provided in the previous chapter.
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using the proportion of output under different farm categories, the secondary data set

was decomposed to form a data set for each specific farm size category.

The total amounts of output produced and input used by small, medium and

large farms were computed from the primary data. The proportion of small, medium

and large farms in the sample was the same as that in the region, and the proportion

of input used and output produced by different categories of the sampled farms was

assumed to be the same as that of the region. This proportion of input used and

output produced by different categories of farms was used to disaggregate the

secondary data on input used and output produced to form separate data sets for each

farm size category.

From the data sets generated through this process, the technological change

index was computed for each farm size category. The difference in inter-temporal

TFP, i.e., the differences in technological change indices among different farm size

categories were computed. The differential indices for different farm categories were

indications of differential impacts of technological changes on different income

groups.

6.3. VARIABLES MFECTING SUSTAINABIILITY

Variables affecting sustainability can be identified by determining their effect

on sustainability indices. Several scenarios, such as a rate of reduction in

employment in agriculture, a rate of reduction in leaching and volatilization loss of

fertilizer nitrogen, a rate of increase of poultry products, open market operation of

rice and fertilizers and a rate of reduction in R and D spending by the government

were examined. These alternatives were chosen based on expected or potential
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technological and policy changes in the future. The computation of sustainability

indices under most of these scenarios did not require data from outside Bangladesh

except world prices of rice and fertilizers as open market prices.

Finding the appropriate world price of rice is difficult because the quality of

rice produced in Bangladesh does not match with that produced in other countries,

and tastes and preferences for Bangladesh rice for the local consumers differ from

those for the foreign consumers. As a proxy, the price quoted for Thai coarse rice in

US dollar for each year was used for the world price. For the purpose of this study,

relative prices over time are more important than absolute prices. Thus, no clearing,

forwarding and distribution costs were included. These were assumed the same in

real terms throughout the study period. The reasons for using rice prices from

Thailand as bases rather than those from neighboring countries like India or Pakistan

are: (a) Thailand sells relatively large amounts of different homogeneously graded rice

throughout the year, (b) some grades of Thai rice are comparable to Bangladesh rice,

and (c) India and Pakistan sell relatively small amounts and mainly fine rice

(Basmati). Therefore, the price of coarse white rice grain of Thailand is judged to

more closely approximate the international price of Bangladesh rice (Ahmed et al.,

1993).

For fertilizers, i.e., urea and triple super phosphate, European and U.S.

prices, respectively, were used as proxy for world prices.

All the prices were in U.S. dollar and were converted into Taka (Bangladeshi

currency) by multiplying by the official exchange rate reported by the Bangladesh

Bank (1994).
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6.4. SUSTAINABILITY AND INCOME DISTRIBUTION

Using the same procedure described in section 6.2, sustainability indices for

each income group were computed following equation 6.2. As presented in section

6.2., the secondary data set was decomposed for different farm size groups using the

proportions derived from primary data. Retaining the assumption that farm size and

income are linearly related, farm size groups were used as proxies for income groups

while computing the sustainability index (Details on the rationale to use this

assumption are presented in Section 6.2.). This approach is based on the assumption

that non-farm income constitutes only a small portion of the total income and non-

farm income has little effect on production decisions. This condition is judged to

exist in the study area. The sustainability index of a specific farm size group

measures the sustainability of agricultural systems of farmers belonging to that group.



7. RESULTS AND DISCUSSION

7.1. CURRENT TECHNOLOGY AND SUSTAINABILITY

Sustainable agriculture becomes a major concern because of rapid

technological developments in agricultural and industrial production and of rapid

population growth in Bangladesh. The Green Revolution technologies in agricultural

production have been beneficial in increasing production, especially in cereal crops.

These also increased input demand and cropping intensity20 substantially. Before

evaluating the impacts of technological change over time on productivity and

sustainability, it is useful to identify the technologies that have undergone changes and

to analyze those for changing magnitude and current status. This section begins with

a brief review of changes in technology adoption and their impact on land use and

production during the study period, the past two decades. The review will be of help
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20 Cropping intensity is the ratio of the total cropped area to the net cropped area
usually expressed in percentage. Net cropped area is the area actually
cropped during the year regardless of the number of crops grown. It is the
area physically occupied by any crop (annual or perennial) during the whole
or part of the year. Total cropped area measures the area harvested of annual
crops during the year plus the area under perennial crops. In other words, it
is the sum of the area under one crop during the year plus the area under
more than one crop during the same year times the number of crop. In
Bangladesh, one, two or three crops are grown in a year. Mathematically,
cropping intensity can be expressed as:

CI- a+b*2+c*3 * 100
a +b +c

where,
CI = cropping intensity expressed in percentage
a = area on which only one crop is grown during the year
b = area on which two crops are grown during the year
c = area on which three crops are grown during the year.



in analyzing impacts of current technologies on productivity and sustainability as

examined through the model developed in this thesis.

7.1.1.Technological change and current status of technologies

The results of the adoption of modem technologies are increases of both input

used and output produced. Some selected indicators of technological change in crop

production in Bangladesh for the last two decades are presented in Table 7.1.1.

According to some sources (Ahmed, 1988; Roy, 1994; Mahmud et al., 1994),

horizontal increase2' of crop production is no longer possible in Bangladesh. The

only alternative to increase crop production is through vertical expansion, i.e., to

increase land productivity for a given period either by increasing yield or by

increasing cropping intensity. In the past two decades, the net cropped area of

Bangladesh decreased (2%). The gross cropped area increased by about 20 percent as

a result of increasing cropping intensity (by 22%). The reasons for decreasing net

cropped area are increases in the number of homesteads for accommodating a growing

population and an increase in infrastructure, such as roads, dams, buildings etc.

Rice is the most widely grown crop in Bangladesh, covering about 80 percent

of the total cropped area. The total area under rice cultivation increased only slightly,

but the area and production of HYV rice increased more than three fold during the

past two decades (Table 7.1.1). Although the area under wheat cultivation increased
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21 There are basically three agronomic ways of increasing crop production; (1)
by bringing more (previously not cultivated) land under cultivation keeping the
yield same, (2) by increasing yield and keeping the cultivated area same, and
(3) a combination of both. The first is referred to as horizontal increase and
the second as vertical increase.
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by about 377 percent, total production increased by over 800 percent. This indicates

that wheat yield doubled during the period primarily because of shifting from local to

modem varieties and increasing availability of irrigation.

The irrigated area expanded by 135 percent. This expansion is attributed to

the increase in deep and shallow tube wells and power pumps. Among all different

indicators, the use of fertilizer, both total and per unit area, showed the highest

increase. Total fertilizer use increased by almost five times during the last 20 years.
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Table 7.1.1. Selected indicators of technological change in crop production in
Bangladesh for a period of two decades - 1972/73 through 1991/92

Indicator 1972-75 1989-92 % increase

Total cropped area (000ac) 29033.33 34715.00 19.57
Net cropped area (000ac) 20792.00 20415.50 -1.81
Cropping intensity (%) 139.33 170.00 22.01
Total area under rice (000ac) 24134.00 25664.67 6.34
HYV rice area (000ac) 3341.73 11303.33 238.25
HYV rice as % of total area 13.83 44.07 218.71
Total rice production (000t) 11095.33 17986.33 62.11
HYV rice production (000t) 3329.33 10919.00 227.96
HYV rice as % of total production 29.76 60.68 103.86
Area under wheat (000ac) 304.67 1454.33 377.35
Production of wheat (000t) 107.00 986.33 821.81
Area irrigated (000ac) 3131.07 7367.00 135.29
Area irrigated as % of net cropped area 15.06 36.10 139.67
Total fertilizer use (000t) 362.00 2025.00 459.39
Average fertilizer use (kg/ha/year) 15.49 96.81 525.09

Source:
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Modem crop production technologies increased production through the use of

increased inputs. The net impact of these technologies features the increase in outputs

relative to inputs. The technological change index, discussed and developed in the

second and third chapters of this thesis, measures the net impact on agricultural

productivity.

Although there clearly was a large increase in agricultural production, farmers

believe that they are not better off than before. They claim that the modem

technologies contribute to increased risk and uncertainty (Alauddin and Tisdell, 1991).

Deb et al. (1991) however observe that the adoption of modern technologies

decreased production variability in Bangladesh agriculture. Possible reasons for

increasing risks, then, may stem from variability in prices, lack of well developed

markets, fragile environments etc. It may also be the case that, over time, farmers'

expectation levels have elevated. Their perception of risk may also have changed as a

result of increased education levels. There are also concerns about declining soil

fertility, lowered ground water levels, and increased incidence of pests and diseases

which the farmers may relate to increased risk and uncertainty.

There are indications that the production of food grains in Bangladesh is

reaching a plateau. Maintaining the production growth rate has become nearly

impossible from agronomic and ecological perspectives. Because of high demand and

biased modem technologies toward production of cereal crops, production of grain

legumes and other non-cereal crops is declining. The agricultural system is moving

toward a more intensive, cereal crop based and resource exhaustive system.



86

7.1.2.Technological change index and sustainabiity index

The technological change index and the sustainability index computed for the

Mymensingh region are presented in Table 7.1.2. The former measures the change in

outputs relative to inputs between two consecutive fiscal years. The later measures

similar change in the presence of externalities. For convenience, both these indices

are presented in anti-logarithmic form (Table 7.1.2).

In most years during the past two decades, technological progress

(technological change index > 1.0) was observed, although in some years

technological regress (technological change index <1.0) was also observed. There

was no defmite trend or pattern of the indices. But on average, the technological

change index was greater than unity (1.01 16) and the difference between the average

index and unity was significant at five percent level of probability (t=2.6756 with

n =19). This indicates an overall technological progress during the last two decades.

Technological progress depends on the availability of improved technologies,

the human response to available technologies, and the environment within which those

are to be adopted. Although the Green Revolution technologies were introduced in

Bangladesh in the late sixties, the development of improved varieties for the local

requirements has taken place almost entirely during the last two decades, after the

independence of Bangladesh. Most of the rice, wheat and vegetables varieties were

released for adoption in the eighties. Another important aspect of technology

adoption is the introduction of the Training and Visit (T & V) system of extension all

over the country in 1983 (Hossain S. M. A. et al., 1990). The decade of the eighties

can also be marked by its relative political calmness (possibly because of the
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Table 7.1.2. Technological change indices and sustainability indices for the
Mymensingh region between two consecutive fiscal years

Change of fiscal year Technological Change Index Sustainability Index

1972/73 - 1973/74 1.0066 0.9823
1973/74 - 1974/75 1.0058 0.9790
1974/75 - 1975/76 1.0111 0.9760
1975/76 - 1976/77 0.9991 0.9783
1976/77 - 1977/78 0.9865 0.9553
1977/78 - 1978/79 1.0070 0.9767
1978/79 - 1979/80 1.0161 0.9402
1979/80 - 1980/81 0.9985 0.9257
1980/81 - 1981/82 1.0427 1.0005
1981/82 - 1982/83 0.9856 0.9414
1982/83 - 1983/84 0.9915 0.9738
1983/84 - 1984/85 1.0427 0.9815
1984/85 - 1985/86 1.0124 1.0869
1985/86 - 1986/87 1.0129 0.9609
1986/87 - 1987/88 1.0524 0.9910
1987/88 - 1988/89 1.0320 1.0831
1988/89 - 1989/90 0.9896 0.8729
1989/90 - 1990/91 1.0057 1.0195
1990/91 - 1991/92 1.0223 0.9066

Mean 1.0116 0.9753
C.V. (%) 1.8688 5.1361
t-statistics 2.6756 2.1449
C.I. (0.95) L 1.0025 0.9512
C.I. (0.95) U 1.0207 0.9995
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imposition of Martial Law and of the ban of and the abstention from political

activities), massive privatization effort and administrative restructuring

(decentralization) through the development of the Upazila (sub-district, a name used

for Thana during 1984-90 by the then regime with some more administrative

autonomy to Thana) system. Without judging the extent of influence of all these

changes on agricultural production, it can be argued that they generated a lot of

activities in the rural areas, affecting, e.g., agricultural extension and as such

technology adoption.

Despite release of several high yielding varieties (HYVs) of rice and wheat,

the technological progress can not be fully explained by the performance of average

yield of HYVs. Average yields of and Aman rice crops have been declining

throughout the period of the study. The yield of Boro rice decreased in the seventies

but increased in the eighties. The yield of wheat showed a marked increase in the

seventies but started declining after 1977 (Figure 7.1.). The yield decline in these

crops can be attributed to: (1) the Ricardian interpretation of bringing marginal lands

under cultivation and adopting modem technologies by resource constrained small

(marginal) farms, and (2) the reduction of land productivity as a result of intensive

and continuous use. Whatever the case may be, this enforces the idea that the

productivity increase has been the result of bringing more land under HYV cultivation

and increasing cropping intensity.

The trend of areas under cultivation of HYV rice, HYV Aman rice, HYV

Boro rice and wheat is presented in Figure 7.2. The area under HYV rice

increased fairly fast at the beginning, then slowed down and finally, after 1988,
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started to decline. The acreage of HYV Boro rice, however, increased considerably

with a more rapid increase after 1988 probably due to its relatively higher yield

compared to Aus and Aman rice. The increase of acreage of total HYV rice

continues almost at the same rate throughout the past two decades.

The highest technological progress was observed between 1986-87 and 1987-

88 (5.24%) followed by those between 1983-84 and 1984-85 (4.27%), and between

1980-81 and 1981-82 (4.11%) (Table 7.1.2.). Despite unprecedented floods in 1987

and 1988, an important natural barrier of modern technology adoption, agricultural

productivity increase was the highest. The 1988 flood received wide publicity for its

Figure 7.1. Trend of yields of HYV rice, HYV Aman rice, HYV Boro rice and
wheat in Bangladesh.
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tremendous effect on the capital city and on the communication sector. It had a

different effect on rural life and on agriculture, as Bangladesh had a bumper harvest

in that year (Boyce, 1990; Chowdhury, 1992). Cole (1989) and Haque and Zaman

(1993) reported that the people of Bangladesh have more ability to cope with floods

than with other natural disasters, such as drought or cyclones. However, the timing

of onset and the duration of floods are critical factors. Rasid and Paul (1987) observe

that early onset of flood causes more damage than the late onset. The 1988 flood

occurred during September-October, typical of late flooding, and caused little damage

to the standing crops. It also accentuated the yield of crops grown afterwards,

Figure 7.2. Trend of areas under HYV rice, HYV Aman rice, HYV Boro rice
and wheat in the Mymensingh region of Bangladesh.

HYV Aus - IIYV Aman HYV Boro wheat
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resulting in high production. The 1984 flood was, however, different than the 1988

one, as the former caused severe damage to crop and livestock. The 1984 flood had

an early onset and damaged all three rice crops - Aman and Boro, whereas the

1987 and 1988 floods had late onset, and no damage to Boro rice was reported

(Haque and Zaman, 1993). The productivity change due to the 1984 flood is

reflected in the low technological change index (0.9915).

Flood is not the only cause of hampering technological progress and resulting

in low agricultural production. Several other natural causes such as droughts,

cyclones etc. are also responsible. The region under study does not have coastal

cyclones as it is far from the sea, but it is affected by droughts, floods and hail

storms. Greenough (1982) pointed out from historical evidence that the major cause

of food shortage or famine in Bangladesh has been drought. The performance of low

technological change index in some years may, therefore, be attributed to drought, a

natural obstruction of technological progress. A technological change index below

one between 1975-76 and 1976-77 is perhaps an example. In 1976-77, rice

production was lowered by about a million ton due to drought (BBS, 1990).

The sustainability index generally showed a regress (<1.0) between the

consecutive fiscal years (Table 7.1.2.). Only in four pairs of consecutive fiscal years

was the index greater than unity. Although all three were confined within the decade

of eighties, there was no definite indication of increase of sustainability indices over

time. The average index (0.9753) remains significantly below unity (t=2. 1449 with

n =19) indicating that the existing agricultural production system is not sustainable.

The variation of the sustainability index (C.V. =5.14%) is more than that of the
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technological change index (1.87%). This is consistent, as the sustainability index

takes into consideration several nonconventional variables, such as nutrient balance in

soil and R and D expenditure, which are more variable than conventional inputs and

outputs.

Since the construction of both the technological change index and the

sustainability index uses the assumption that the rental rate of draft power equals

twice the wage rate, a sensitivity analysis using different rental rates of draft power

was done. Using the rental rates of draft power as equal to, two times, three times

and four times the wage rate, both the technological change index and the

sustainability index were computed. These are presented in Appendix D (Tables D. 1.

and D.2.). Technological change indices decreased slightly with the increase of rental

rates of draft power. This is consistent with economic theory. An increase in input

price increases total cost and decreases productivity. Sustainability indices showed an

opposite trend. An increase in rental rates of draft power increases sustainability

indices slightly. This seems counter-intuitive. The increase in the rental rate of draft

power increased the cost share of draft power and decreased cost shares of other

inputs, including resources and negative externalities (loss of fertilizer nutrients and R

and D expenditure). This increases the sustainability indices. The magnitude of

change of both the technological change index (about 0.13% decrease with a 100%

increase in the rental rate of draft power) and the sustainability index (about 0.47%

increase with a 100% increase in the rental rate of draft power) is very small

(Appendix D). This suggests that the result is robust with respect of change in the

assumption about the magnitude of the rental rate of draft power.
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The magnitude of technological change and sustainability indices reveal that

the increase in agricultural production in Bangladesh is primarily due to increased

adoption of HYV technologies, use of inputs (fertilizer, irrigation and pesticide) and

cropping intensity. Because of the rapid depletion of soil nutrients through continuous

and intensive cropping, it is difficult to maintain yield without increasing the rate of

fertilizer input year after year (FAO, 1984; Alauddin and Tisdell, 1991). This

process can not be continued indefinitely. The continuous increase in fertilizer use is

not possible because of economic, agronomic and environmental reasons.

Economically, it can not be supported by generating sufficient income from output.

Agronomically, a continuous application of one or a few chemical fertilizers poses

limits to the availability of other plant nutrients and affects soil physical, chemical and

biological properties. Environmentally, it causes increased air and water pollution.

A back stop technology to overcome this situation is not expected in the near future.

There are always economic, agronomic and ecological limits to the degree of

intensification that can be sustained. Improving carrying capacity is a slow process

and can not be expected without an explicit and appropriate public policy.

The sustainability index constructed here omitted several factors, such as the

pollution of soil and water due to the application of agro-chemicals, depletion of

ground water through irrigation, reduction of genetic diversity through the increased

adoption of HYVs, adverse impact on livestock and fish production through the

application of agro-chemicals and high pressure of the adoption of HYV rice and

wheat. These factors also contribute to unsustainability. These factors were not

included because of the lack of data. Therefore, the sustainability index from this



study is describing the situation in more optimistic terms than is true in reality.

There is no certainty that Bangladesh agriculture will move forward toward a

sustainable agriculture with the existing technology and policy trajectory. Similar

conclusions were also drawn by others (FAO, 1984; Alauddin and Tisdell, 1991)

without explicit and rigorous empirical analysis, such as has been carried out in this

study.

7.2. TECHNOLOGY AND INCOME DISTRIBUTION

Technological change indices of different farm size categories are presented in

Table 7.2.1. For small farms, the index is lower in general and in most cases below

1.0. This apparently indicates that small farms experienced technological regress.

This, however, does not mean that small farms did not use modern technologies,

rather it means that they were unable to get the same degree of benefits from the

modern technologies as did larger farms. The technological change index was

measured through the inter-temporal change in total factor productivity, i.e., change

in aggregate output relative to aggregate input. The below unity technological change

index fQr small farms indicates that the growth of output was less than that of input.

Owners of small farms probably could not afford enough inputs and, being unable to

take advantage of market price fluctuation, had to pay higher price for inputs year

after year. Hossain (1988) remarks that small farms can not reap the benefit of

modern technologies to the same extent as the large farms do because of their lesser

ability to afford purchased inputs needed for modern technologies due to the lack of

sufficient working capital and credit accessibility.
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Table 7.2.1. Technological change indices of farmers of different farm size categories
of the Mymensingh region

Fiscal Year Small Medium Large All

1972/73 - 1973/74 0.9830 1.0060 1.0283 1.0066
1973/74 - 1974/75 0.9993 0.9921 1.0151 1.0058
1974/75 - 1975/76 0.9849 1.0198 1.0196 1.0111
1975/76 - 1976/77 1.0090 0.9855 0.9596 0.9991
1976/77 - 1977/78 0.9859 1.0529 0.9809 0.9865
1977/78 - 1978/79 1.0059 0.9986 0.9471 1.0070
1978/79 - 1979/80 0.9960 1.0114 1.0341 1.0161
1979/80 - 1980/8 1 0.9838 0.9838 1.0219 0.9985
1980/81 - 1981/82 0.9935 1.0440 1.1130 1.0427
1981/82 - 1982/83 0.9800 0.9688 0.9855 0.9856
1982/83 - 1983/84 0.9885 1.0192 0.9744 0. 99 15
1983/84 - 1984/85 0.9819 1.0552 1.1135 1.0427
1984/85 - 1985/86 0.9858 1.0423 0.9282 1.0124
1985/86 - 1986/87 0.9774 1.0089 1.0599 1.0129
1986/87 - 1987/88 1.0049 1.0583 1.1103 1.0524
1987/88 - 1988/89 1.0104 1.0297 1.0326 1.0320
1988/89 - 1989/90 0.9582 1.0002 0.9765 0.9896
1989/90 - 1990/91 0.9797 1.0204 0.9981 1.0057
1990/91 - 1991/92 0.9842 1.0309 1.0336 1.0223

Mean 0.9891 1.0173 1.0175 1.0116
C.V. (%) 1.2747 2.4806 5.1536 1.8688
t-statistic 3.7774 2.9816 1.4546 2.6756
C.I. (0.95) L 0.9830 1.0051 0.9922 1.0025
C.I. (0.95) U 0.9952 1.0294 1.0428 1.0207
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Owners of small farms, in general, have less education, low income and low

farm management ability (Lionberger and Gwin, 1991). They play little role in

collective decision making and are less powerful in the society. Ahmed and Jones

(1991) termed farm-size classes as social classes implying that the cultivators of small

farms are on a lower stratum of the society than those of medium and large farms.

Small farms are typically late adopters (Lionberger and Gwin, 1991) although they

eventually catch up to medium and large farms (Alauddin and Tisdell, 1991).

Whereas, contrary to the findings of early studies on Green Revolution, the intensity

of adoption22 is inversely related to farm size (Asaduzzaman, 1979; Hossain, 1988;

Alauddin and Tisdell, 1991; Hossain et al., 1994). The higher intensity of adoption

for small farms could be attributed to their surplus labor and high subsistence

pressure.

Why small farms get fewer benefits from modern technologies in spite of

higher intensity of adoption is a relevant question. Hossain et al. (1994) explain that

the adoption of modem technologies does not deprive small farms directly through

production. Small farms are hurt by the indirect effects of modem technology

adoption. The adoption of modern technologies increases land price and favors factor

shares of capital and purchased inputs. Through the increase of land price, large land

holders get more benefits than small holders. Because of less access to capital and

purchased inputs, owners of small farms can not afford purchased inputs and

sometimes end up paying relatively more compared to those of large farms. Hossain

22 The intensity of adoption is defined as the percentage of a farm area under
high yielding varieties (Alauddin and Tisdell, 1991).



(1988) also asserts that the family size of lower-income farmers increases

proportionately more than that of higher-income farmers. This also accentuates

widening per capita income distribution between farmers owning farms of different

size.

Modem technologies are often expensive and almost always require cash

purchases. At the early stage of the adoption process, operators of small farms may

have doubts about the success of the technology and do not want to spend cash

income to achieve the maximum technological potential.

There is little difference in technological change indices between medium and

large farms (Table 7.2.1), indicating that their productivity growth rates are similar.

Both the average technological change index and the coefficient of variability increase

with the increase of farm size. The average indices for both small and medium farms

were significantly different than unity (t=3.7774 and 2.98 16 for small and medium

farms, respectively with n= 19), but the index of small farms is lower than unity and

that of medium farms is higher than unity. Although indices show that both medium

and large farms enjoyed technological progress during the past two decades, the

technological progress for large farms was not statistically significant (t =1.4546 with

n =19). The productivity difference between medium and large farms may be

attributed to the fact that the large farms do not operate all of their lands by

themselves. Typically, they rent out all or part of their lands. The principal system

of land renting (tenure) is through share cropping which constrains productivity

increase (Ahmeci, 1988). The share croppers or tenant farmers typically operate small

farms. As discussed earlier, they have lesser access to purchased inputs.
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The usual mode of sharing outputs between land owners and share croppers is

half and half. Land owners provide only land to receive their share while share

croppers provide labor and all other inputs required for production to obtain their

share. The increased outputs as a result of the increased application of inputs by

share croppers is shared equally. Because of scarcity of land and a high demand for

share cropping by small and marginal farms, landowners almost always outbid share

croppers. Land owners unilaterally make their decision to whom they give their land

for share cropping. Share croppers have no guarantee that they will have the same

land for share cropping next year. Therefore, share croppers have little incentive to

invest either to expedite the full production potential or to maintain soil fertility.

The problem of distributive justice of land has been recognized and several

land reform policies and their amendments have been instituted since 1950. Perhaps

the latest is the Land Reform Ordinance in 1984, which features a maximum ceiling

of ownership of 60 Bighas (20 acres) per family, maintenance of share cropping

contracts for a minimum period of five years and the distribution of outputs to

owners, to share croppers and to remaining inputs equally (Hossain, 1991). The main

purpose of this ordinance is to give land to landless or small land holders. It has

been assumed that ensuring lands to landless or small holders increases productivity

and thus improves social well being, both directly by improving income parity and

indirectly by increasing overall productivity. But, because of its unidirectional nature

(directly benefits only landless and small holders at the expense of large holders),

none of its features has been implemented fully. So far, no policy has been instituted
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to encourage the large farms to cultivate their lands by themselves and, thus, to

expedite technological progress and economies of size.

Two important issues emerge from the results of this section. First, farmers

of different farm size groups are affected differently by the technological progress.

Small farms receive lesser benefits than do medium or large farms. Thus, modem

technologies tend to widen the distribution of income between the rich and the poor.

Second, large farms do not reach full technological production potential because they

do not cultivate all of their land by themselves.

Conclusions somewhat similar to the first were arrived at by several others

(Hossain, 1988; Ahmed, 1990; Alauddin and Tisdell, 1991; Ahmed and Jones, 1991;

Hossain et al., 1994). Ahmed and Jones (1991) using the Gini coefficient23 as a

measure of income inequality, found that all the irrigation technologies (deep tube

well, shallow tube well, low lift pump, gravity irrigation) contribute to income

23 Gini coefficient is a measure of income distribution defined as the ratio of the
area between the Lorenz curve and the line of perfect equality, to the area of
the triangle below the line. The Lorenz curve measures the relationship
between successive deciles of cumulative proportions of income and those of
population of a particular community. Samuelson (1951) demonstrated that
the Gini coefficient is a convenient device for measuring the inequalities of
income distribution and shows what percentage of total income goes to the
poorest one percent of the population, to the poorest 10 percent, 50 percent
and so on. A computation formula based on the definition above is given by
Anand (1983) as:

n-i
G = 1 -

1=0

where,
G = Gini coefficient (concentration ratio)
F. = cumulative population share corresponding to the ith income group
QI = cumulative income share corresponding to the ith income group.
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inequality. The exceptions is manually operated shallow tube well irrigation.

Farmers of different farm size categories have unequal access to social, political and

economic powers critical to reap benefit from modern technologies. Institutions

affecting the adoption of modern technologies are biased towards large farms

(Alauddin and Tisdell, 1991).

Hossain (1988) and Hossain et al. (1994), comparing the Gini coefficients

between villages with differential environments and adoption of modem technologies,

concluded that modem technologies do not change income distribution among

households, a result that seems contrary to the present finding. They observed that

the distribution of agricultural income improved but that of non-agricultural income

worsened, leaving the total household income unchanged. This, however, does not

explain the per capita income distribution, a more realistic measure. The per capita

total income distribution worsens due to the adoption of modem technologies, a result

that agrees with the present finding. Although the absolute gain was positive for all

farms, the high income farms gained relatively more than their small and medium

counterparts.

Although most studies cited above are in agreement with the present study,

those studies are not without drawbacks as they are based only on sample observations

and on cross-section data and show only indirect impacts. The implicit assumption

made by Hossain (1988) and Hossain et al. (1994) was that the variation across

regions or villages was due to differential adoption of modern varieties. The variation

in the distribution of income across villages or regions could be inherent and may not

be due to the adoption of modem technologies only. Comparison of income
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distribution patterns across time periods would be more indicative of the impact of

technological change.

So far, there is no study that computes farm level income distribution patterns

across time periods. The Gini coefficients computed from different household

expenditure surveys in different times could be used as measures of aggregate income

distribution at different points of time. These are presented in Table 7.2.2. There is

no definite trend of increasing or decreasing the Gini coefficients over time. The

Gini coefficients computed for the rural areas could be more comparable to the

present study, as the Mymensingh region does not contain any metropolitan area.

Without the 1976-77 figure, the Gini coefficients for the rural area show an increasing

tendency indicating an inter-temporal increase of income inequality. The Task Forces

Report (1991b) concludes from previous studies that the distribution of income in

rural Bangladesh has a tendency towards more inequality over time. Although these

figures seemingly provide a similar conclusion to the present study, there are

questions about the reliability of these figures (Rahman et al., 1988; Abdullah and

Rahman, 1989; Khan and Hossain, 1989).

The result presented in this section and the accompanying discussion on

related studies indicate that the distribution of income between low and high income

households or between large and small farms is slowly becoming wider. Assuming

all other impacts equally affect different income groups, the adoption of modern

technologies can be considered responsible for accentuating income inequality. This

raises doubts about the scale neutrality of the modem technologies. Diwan and

Kallianpur (1986) also raised the same point even a decade ago about India and



102

Table 7.2.2. Gini coefficients as measures of income distribution in Bangladesh in
different years

claimed that the scale neutrality hypothesis came from agronomic studies conducted

on experimental stations. In the farmers' field, after the integration of social and

economic environments into the physical and biological production process, the

technologies can not retain their scale neutrality property.

A possible solution to the problem is to follow the farming systems approach

for technology generation and transfer. This involves generating technologies specific

to geographic locations, to income or farm size groups, and to biological, social,

cultural, economic and institutional needs. Such technologies would increase

Fiscal year Gini concentration ratio

Rural Urban National

1963-64 0.33 0.41 0.36

1973-74 0.36 0.38 0.36

1976-77 0.42 0.50 0.45

1981-82 0.36 0.41 0.39

1983-84 0.35 0.37 0.36

1985-86 0.36 0.37 0.37

1988-89 0.37 0.38 0.38

Source:
BBS, 1994a
Fields, 1991
Task Forces Report, 199 lb
Rahman and Haque, 1988
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profitability of farms of each size category. These would also encourage large farms

to cultivate their lands by themselves because of increased profitability. Therefore,

policy prescriptions need to be to encourage the farming systems approach in

agricultural technology generation and transfer with specific attention to improve

income parity between the rich and the poor, and to encourage large farm holders to

cultivate their land by themselves.

7.3. VARIABLES AIIFECTING SUSTAINABILITY

As discussed in section 7.1., Bangladesh agriculture is not sustainable under

the existing technological and economic policy trajectory. This leads to a search for

alternative technology and policy scenarios that can make Bangladesh agriculture

sustainable. The rationale and feasibility of those alternative scenarios are also to be

examined before finding appropriate strategies for development of sustainable

agriculture in Bangladesh.

In this section, several technological and economic policy scenarios are

examined through the conceptual model developed earlier. Sustainability indices were

computed for each scenario and combinations thereof. The specific rationale behind

choosing those scenarios and whether those are feasible under the existing and

alternative institutional frameworks is also discussed.

7.3.1 .Technological Policy Scenario

The three technological policy scenarios examined and presented are: (1) a

two percent rate of reduction in employment in the agricultural sector, (2) a two

percent rate of reduction of leaching and volatilization loss of applied fertilizer



24 In the context of Bangladesh, the industrial sector includes all manufacturing
sub-sectors consisting of large, medium, small and cottage industries. As
Khan and Hossain (1989) noted, cottage industry is the sub-sector that
employs residual rural labor in Bangladesh.
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nitrogen, and (3) a two percent rate of increase of poultry products (meat and eggs

from chicken and ducks). The rationale behind choosing a two percent rate of

reduction in employment in the agricultural sector is that Bangladesh agriculture is

characterized by surplus labor and, in general, the development of an agro-based

community calls for withdrawing labor from the agricultural sector and for employing

them in the industrial sector24. The share of employment in agriculture is declining

(Hossain, 1992) but the absolute employment in agriculture is not declining as two-

thirds of the incremental labor is absorbed in agriculture (Ahmed, 1988).

As explained in Section 5.2.2.1., this study uses the number of laborers

employed in agriculture as the economically active population in the region multiplied

by the sectoral share of employment in agriculture. This implicitly assumes a

constant unemployment rate over time. Although the adoption of modern varieties

has a slightly positive effect on employment and wage rate (Hossain et al., 1994), it

can not absorb all the growing labor in rural areas. Alauddin and Tisdell (1988b)

estimate that at least one-third of the total available labor force is either involuntarily

employed or unemployed. The low labor force participation (29.7%) in agriculture

estimated by Hossain (1988) indicates a similar situation. This indicates the existence

of surplus labor in the rural areas where there is little opportunity for non-farm

employment. This is also indicated by the high rate of urban migration and
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increasing urban slums. Thus, strategies for pulling labor from rural agriculture are

necessary to make Bangladesh agriculture sustainable.

A two percent rate of reduction in employment in the agricultural sector

increased sustainability indices in most years (Table 7.3.1.). Although the average

index increased only slightly, its difference from unity becomes insignificant

(t= 1.5057 with n= 19). This is an indication that a reduction of total labor cost by

reducing unemployed and underemployed labors can move the agricultural sector a

step forward toward sustainability.

A two percent rate of reduction of leaching and volatilization loss of applied

fertilizer nitrogen (through urea) has been used as a technological policy scenario with

the understanding that technologies for reducing such a loss are available. The use of

slow release nitrogenous fertilizers is an option. Jackson et al. (1983) concluded that

farmers can have more efficient use of current commercial fertilizers by following

appropriate time, source and method of application. The major constraint for

adopting such technologies is the requirement of additional expenditure. It is assumed

that in the near future, cost effective alternatives of adopting such technologies will

become available. Under this scenario, a considerable increase in the sustainability

indices is observed. Although the numerical value of the mean sustainability index

(0.9818) remains below unity, the difference becomes statistically insignificant at the

five percent probability level (t= 1.7260 with n= 19). This indicates that the

implementation of policies for the reduction of leaching and volatilization loss of

applied nitrogen would be a positive step in making Bangladesh agriculture

sustainable.



SI(B): Base Scenario - Sustainability index without scenario
Ti: Two percent rate of reduction in employment

Two percent rate of reduction of volatilization and leaching loss of nitrogen
Two percent rate of increase of poultry products.
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Table 7.3.1. Sustainability indices of the Mymensingh region under different
technological policy scenarios

Change of fiscal year SI(B) Ti T2 T3

1972/73 - 1973/74 0.9823 0.9930 0.9824 0.9844
1973/74 - 1974/75 0.9790 0.9897 0.9790 0.9812
1974/75 - 1975/76 0.9760 0.9848 0.9770 0.9781
1975/76 - 1976/77 0.9783 0.9868 0.9787 0.9705
1976/77 - 1977/78 0.9553 0.9618 0.9572 0.9577
1977/78 - 1978/79 0.9767 0.9821 0.9773 0.9802
1978/79 - 1979/80 0.9402 0.9425 0.9417 0.9437
1979/80 - 1980/81 0.9257 0.9266 0.9287 0.9294
1980/81 - 1981/82 1.0005 1.0043 0.9996 1.0039
1981/82 - 1982/83 0.9414 0.9450 0.9494 0.9465
1982/83 - 1983/84 0.9738 0.9788 0.9789 0.9776
1983/84 - 1984/85 0.9815 0.9829 0.9961 0.9847
1984/85 - 1985/86 1.0869 1.1037 1.0884 1.0924
1985/86 - 1986/87 0.9609 0.9618 0.9836 0.9659
1986/87 - 1987/88 0.9910 0.9938 1.0055 0.9956
1987/88 - 1988/89 1.0831 1.1022 1.0732 1.0905
1988/89 - 1989/90 0.8729 0.8597 0.9103 0.8792
1989/90 - 1990/91 1.0195 1.0315 1.0221 1.0253
1990/91 - 1991/92 0.9066 0.8942 0.9492 0.9132

Mean 0.9753 0.9803 0.9831 0.9795
C.V. (%) 5.1361 5.8260 4.3494 5.1366
t-statistics 2.1449 1.5057 1.7260 1.7777
C.I. (0.95) L 0.9512 0.9527 0.9625 0.9552
C.I. (0.95) U 0.9995 1.0078 1.0037 1.0037



107

The third technological policy scenario examined was a two percent increase

in poultry products (meat and egg from chicken and duck). Since an increase in the

production of poultry does not require much of the fixed and limited input, land, and

Bangladesh agriculture contains surplus labor, an increase in poultry production may

be possible with proper motivation and the development of an effective marketing

system.

Poultry rearing in Bangladesh is usually done under scavenging conditions

where birds find their own food within or around the homestead area during days and

stay in cages (small poultry sheds) during nights. Irrespective of feeding conditions

(whether scavenging or controlled feeding), poultry rearing in Bangladesh is profitable

(Ahmed and Das, 1991; Ahmed et al., 1991). A two percent increase in poultry

products requires an increase in poultry population which would increase competition

for food. Therefore, a supplemental feeding deserves consideration. A provision of

supplemental feeding to the increased poultry population does not cause a noticeable

reduction in sustainability indices because of high market price of poultry products in

Bangladesh (chicken and ducks are always more expensive than beef or mutton) and

high feed conversion ratios (approximate average of 2.18 for broiler, 2.70 for layers

and 3.10 for ducks). The market price of a kilogram of poultry feed (assuming rice

as the only supplemental feed ingredient) is much lower than that of the poultry

product produced by a kilogram of the same feed. In this scenario, a 50 percent

supplemental feeding with rice is assumed.

Sustainability indices under this scenario showed a marginal increase (Table

7.3.1.). The average sustainability index (0.9795) increased slightly over that under
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the without scenario, but its difference from unity became statistically insignificant

(t= 1.7777 with n= 19). This suggests that an increase in poultry production can be a

policy option toward achieving a sustainable agriculture in Bangladesh.

7.3.2.Economic Policy Scenario

The three economic policy scenarios examined in this study are (1) open

market price of rice - world rice price (no price control for rice through market or

trade regulation), (2) open market price of fertilizers - world fertilizer price (no price

or quantity control of fertilizer and no trade restriction), and (3) a two percent rate of

reduction of R and D expenditure made by the government.

Sustainability indices between two consecutive fiscal years under these

scenarios are presented in Table 7.3.2. Under both world market price of rice and

world market price of fertilizer scenarios, no systematic change of sustainability

indices were observed. The average indices under both scenarios are even slightly

lower than the average index without scenario, and their deviations from unity are

statistically significant (t=2. 1987 and 2.3607 for world rice price and world fertilizer

price, respectively with n= 19). This is an indication that a free market economy, in

the case of rice and fertilizers, does not necessarily favor sustainability of agricultural

systems although it is typically considered efficient. Efficiency and sustainability do

not always go hand in hand. Mahmud et al. (1994) also observe that, as regards to

rice, the trade policy has increasingly become neutral as the country approaches self-

sufficiency in rice production.

A closer look at the prices reveals that there is a wide difference between the

domestic rice price and the world rice price. The trend of the world rice price is
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Table 7.3.2. Sustainability indices of the Mymensingh region under different economic
policy scenarios

SI(B): Base scenario - Sustainability index without scenario
World rice price
World fertilizer price
Two percent rate of reduction of sectoral cost

Change of fiscal year SI(B) P1 P2 P3

1972/73 - 1973/74 0.9823 0.9815 0.9815 0.9829
1973/74 - 1974/75 0.9790 0.9792 0.9808 0.9803
1974/75 - 1975/76 0.9760 0.9711 0.9748 0.9779
1975/76 - 1976/77 0.9783 0.9735 0.9792 0.9808
1976/77 - 1977/78 0.9553 0.9671 0.9541 0.9582
1977/78 - 1978/79 0.9767 0.9647 0.9771 0.9812
1978/79 - 1979/80 0. 9402 0. 9393 0.9362 0. 9452
1979/80 - 1980/81 0.9257 0.9267 0.9236 0.9310
1980/81 - 1981/82 1.0005 1.0057 1.0006 1.0072
1981/82 - 1982/83 0.9414 0.9413 0.9441 0.9477
1982/83 - 1983/84 0.9738 0.9696 0.9739 0.9815
1983/84 - 1984/85 0.9815 0.9837 0.9853 0.9886
1984/85 - 1985/86 1.0869 1.0769 1.0570 1.0967
1985/86 - 1986/87 0.9609 0.9634 0.9669 0.9691
1986/87 - 1987/88 0.9910 0.9967 0.9931 0.9981
1987/88 - 1988/89 1.0831 1.0878 1.0837 1.0918
1988/89 - 1989/90 0.8729 0.8696 0.8717 0.8760
1989/90 - 1990/91 1.0195 1.0170 1.0227 1.0195
1990/91 - 1991/92 0.9066 0.9073 0.8953 0.9066

Mean 0.9753 0.9749 0.9738 0.9800
C.V. (%) 5.1361 5.1135 4.9755 5.0514
t-statistics 2.1449 2. 1987 2.3607 1.6932
Cd. (0.95) L 0.9512 0.9508 0.9504 0.9552
C.I. (0.95) U 0.9995 0.9989 0.9971 1.0048
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similar to that of the domestic rice price. The simple correlation coefficient between

the world rice price and the domestic rice price is positive and statistically significant

(r=0.88 with n=20). The variabilities in the world rice price (C.V. =38.69%) and

in the domestic rice price (C.V. =47.49%) are not very different although standard

deviations are quite different (1782 for domestic rice price and 2557 for world rice

price). This indicates that some sort of price stabilization and trade policies might be

helpful. Mahmud et al. (1994) failed to obtain any impact of trade policy because of

high marketing cost which makes the difference between the import parity price and

the export parity price very wide. Under a cost effective marketing system,

Bangladesh agriculture would benefit from the high world rice price through increased

profitability.

As expected, a two percent rate of reduction of R & D cost increases the

sustainability indices. The mean sustainability index increased from 0.9753 to

0.9800, making the latter so close to unity that the difference becomes statistically

insignificant (t= 1.6932 with n= 19). The implicit assumption underlying this

scenario is that a two percent rate of reduction of expenditure in the agricultural

sector will not reduce aggregate output or the efforts made by the government to keep

outputs and resources non-decreasing. A reduction of R and D cost may be achieved

by increasing work efficiency, reducing complex bureaucratic working procedure and

deliberating increased responsibility to (or ensuring accountability of) public

25 The profitability analysis conducted by Mahmud et al. (1994) shows a net
economic return for HYV Boro rice under export parity and import parity
prices are Tk. 5442 and Tk. 16485 per hectare, respectively. Similarly, for
HYV Aman rice, those figures are Tk. 7429 and Tk. 16804, and for IIYV
Aus rice, Tk. 4738 and Tk. 12681, respectively.



employees. In other words, a decrease in R and D expenditures is not expected to

reduce R and D output, but postulates increased use of resources devoted to R and D.

7.3.3.Integrated Policy Scenario

In the last two subsections (7.3.1. and 7.3.2.), individual effects of three

technological policy scenarios and three economic policy scenarios were examined.

These policy scenarios, though evaluated individually, are not mutually exclusive and,

in practice, a combination of several policy interventions is usually recommended for

achieving an economic goal. All three technological policy scenarios and one

economic policy scenario (a two percent rate of reduction of R and D cost)

individually showed a positive contribution towards the accomplishment of a

sustainable agriculture in Bangladesh. In this sub-section, two integrated scenarios

are presented. The first is a combination of three technological policies, i.e., a

simultaneous consideration of a two percent increase in poultry products, a two

percent rate of reduction in employment in the agricultural sector and a two percent

rate of reduction of leaching and volatilization loss of applied fertilizer nitrogen. The

second is a simultaneous consideration of the first and a two percent rate of reduction

of R and D cost.

As expected, the sustainability indices for every two consecutive fiscal years

increased under both scenarios (Table 7.3.3.). In the first, six out of 19 indices

became numerically above unity. The mean sustainability index under this combined

technological policy scenario (0.9932) is higher than that under each individual policy

scenario. The average index is not statistically different from unity with a high

probability level (t=O.6094 with n= 19).
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Table 7.3.3. Sustainability indices of the Mymensingh region under different integrated
technological and economic policy scenarios

SI(B): Base scenario - Sustainability index without scenario
CT: Combination of technological policies - Two percent increase in poultry

production, and two percent reduction in employment and loss of fertilizer
nitrogen

CTE: Combination of technological and economic policies - Two percent increase in
poultry production, and two percent reduction in employment, sectoral cost and
loss of fertilizer nitrogen.

Change of fiscal year SI(B) CT CTE

1972/73 - 1973/74 0.9923 0.9953 0.9959
1973/74 - 1974/75 0.9790 0.9918 0.9932
1974/75 - 1975/76 0.9760 0.9879 0.9899
1975/76 - 1976/77 0.9783 0.9894 0.9921
1976/77 - 1977/78 0.9553 0.9663 0.9694
1977/78 - 1978/79 0.9767 0.9862 0.9921
1978/79 - 1979/80 0.9402 0.9478 0.9532
1979/80 - 1980/81 0.9257 0.9335 0.9393
1980/81 - 1981/82 1.0005 1.0067 1.0139
1981/82 - 1982/83 0.9414 0.9590 0.9662
1982/83 - 1983/84 0.9738 0.9882 0.9968
1983/84 - 1984/85 0.9815 1.0019 1.0099
1984/85 - 1985/86 1.0869 1.1110 1.1224
1985/86 - 1986/87 0.9609 0.9927 1.0026
1986/87 - 1987/88 0.9910 1.0150 1.0234
1987/88 - 1988/89 1.0831 1.0984 1.1085
1988/89 - 1989/90 0.8729 0.9088 0.9123
1989/90 - 1990/91 1.0195 1.0405 1.0405
1990/91 - 1991/92 0.9066 0.9511 0.9511

Mean 0.9753 0.9932 0.9985
C.V. (%) 5.1361 4.8702 5.0074
t-statistics 2.1449 0.6094 0.1279
C.I. (0.95) L 0.9512 0.9699 0.9744
C.I. (0.95) U 0.9995 1.0166 1.0226
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The addition of a two percent rate of reduction of R and D cost (an economic

policy scenario) with the combined technological policy scenario further increased

sustainability indices (Table 7.3.3.). The mean sustainability index under this

scenario becomes 0.9985, a figure very close to unity both numerically and

statistically (t=0. 1279 with n=19).

The evaluation of different scenarios with individual technological and

economic policies or with combinations thereof reveals that the individual policies

having positive contribution toward achieving sustainability need to be identified first.

If several policies individually contribute to sustainability, then these are

complementary and a simultaneous implementation of all those policies may lead to a

higher degree of sustainability than an individual policy may do. Several

technological and economic policies need to be followed simultaneously for an

effective achievement of sustainable agriculture in Bangladesh.

7.4. SUSTAINABILITY AND INCOME DISTRIBUTION

The sustainability indices computed for different farm size categories of the

Mymensingh region are presented in Table 7.4.1. Indices for small farms are lower

than those for medium or large farms, indicating that the small farms are relatively

less sustainable. For small farms, there were two years when the indices are greater

than unity, implying that only in those fiscal years, small farms were sustainable. For

medium and large farms, there were eight such years. The mean value of

sustainability indices for small farms is below unity (0.9538) and the difference is

statistically significant (t=3.9497 with n= 19). The nature of differences in indices

among farm size categories is similar to that found for technological change indices.
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Table 7.4.1. Sustainability indices of different farm size categories of the Mymensingh
region

Change of fiscal year Small Medium Large All

1972/73 - 1973/74 0.9592 0.9817 1.0035 0.9823
1973/74 - 1974/75 0.9726 0.9656 0.9881 0.9790
1974/75 - 1975/76 0.9507 0.9844 0.9843 0.9760
1975/76 - 1976/77 0.9880 0.9650 0.9397 0.9783
1976/77 - 1977/78 0.9547 1.0156 0.9499 0.9553
1977/78 - 1978/79 0.9757 0.9685 0.9186 0.9767
1978/79 - 1979/80 0.9216 0.9358 0.9568 0.9402
1979/80 - 1980/81 0.9120 0.9121 0.9474 0.9257
1980/81 - 1981/82 0.9533 1.0017 1.0680 1.0005
1981/82 - 1982/83 0.9360 0.9253 0.9413 0.9414
1982/83 - 1983/84 0.9709 1.0011 0.9571 0.9738
1983/84 - 1984/85 0.9243 0.9933 1.0482 0,9815
1984/85 - 1985/86 1.0584 1.1191 0.9965 1.0869
1985/86 - 1986/87 0.9272 0.9571 1.0055 0.9609
1986/87 - 1987/88 0.9463 0.9966 1.0456 0.9910
1987/88 - 1988/89 1.0607 1.0810 1.0839 1.0831
1988/89 - 1989/90 0.8450 0.8820 0.8611 0.8729
1989/90 - 1990/91 0.9932 1.0344 1.01 19 1.0195
1990/91 - 1991/92 0.8728 0.9142 0.9166 0.9066

Mean 0.9538 0.9810 0.9802 0.9753
C.V. (%) 5.3444 5.7287 5.6425 5.1361
t-statistics 3.9479 1.4758 1.5603 2. 1449
C.I. (0.95) L 0.9393 0.9539 0.9535 0.9512
C.I. (0.95) U 0.9784 1.0081 1.0069 0.9995
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The explanations would, therefore, be similar to those provided in Section 7.2. For

the construction of sustainability indices of different farm size categories, the common

property resources, such as R and D expenditure made by the government and

nutrient depletion, were not disaggregated. So far, there is no way to disaggregrate

those into different farm size categories although the impact of R and D expenditure

on farmers of different farm size groups and the effect on soil nutrient balance from

different farm size categories are likely to be different.

As in the case of technological change, there are differential impacts of

sustainability for different farm size categories. It should be pointed out here that the

difference in sustainability indices among different farm size categories is based only

on private productivity measurement. It is not possible to present the difference of

ecological measurement among different farm size categories. Several factors have

not been disaggregated simply because common property resources can not be

disaggregated. It is not possible to identify how much of the R and D expenditures

go to what categories of farmers.

Empirical evidences of this study lead to two specific aspects of sustainability

of agricultural systems of Bangladesh. First, sustainability of a specific income group

can only be a partial measure and be indicative of their economic sustainability.

Sustainability of a community as a whole would be a more appropriate measure, and

sustainability indices computed for the entire region make more sense. Second, it is

the group of people with lower income who is less likely to achieve sustainability

under current policies.
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Results from this section indicate that technological and economic policies

should be formulated in such a way that the lower income people receive more

benefits. Some programs, like Food-For-Work (providing food to the poor for their

work on public utilities i.e., building roads, dams, drainage channels etc.), Grameen

Bank (providing non-mortgaged credit facilities to the landless and destitute for small

enterprise development) and Disadvantaged Group Feeding (feeding those who do not

have any other way to get food) have been in operation under different situations to

benefit poor directly. However, several such programs had opposite effects.

Statutory rationing, expansion of public administration and defence, public

expenditure on higher education, subsidies on irrigation equipment etc. mainly

benefitted the already better off people in the society (Khan and Hossain, 1989).

Therefore, although this section calls for integrated policy formulations for sustainable

agriculture, it does admonish against any policies that may help widening income

distribution.



8. SUMMARY, CONCLUSION AND POLICY IMPLICATIONS

8.1. SUrVLIVLARY

In Bangladesh, government policies have been to encourage modem crop

production technologies (seed, fertilizer, irrigation, pesticide) primarily to increase

cereal crop production. The beneficial effects of such technologies in terms of

increasing crop productivity are well studied and documented. Possible concomitant

negative impacts have also been taken into consideration in some studies, but have so

far been restricted to the effect on widening income distribution. Since the primary

focus has been to increase cereal crop production, no consideration has been given to

examine the impact on minor crop, livestock, poultry and fish production, soil

fertility, human and animal health, and natural and environmental resources. Above

all, whether the existing productivity increase through technological progress is

sustainable has remained elusive. Therefore, comprehensive studies considering

sustainability of the agricultural system are essential. Such studies should focus not

only on marketable inputs and outputs but also on non-marketable resource stocks and

flows, common properties, externalities etc. Policy prescriptions need to be designed

in such a way that the benefits from modem technologies are obtained, and the

negative externalities are minimized, i.e., resources are used efficiently and equitably

so that they are prevented from depletion.

Considering the above situation, this study was undertaken to identify a

strategy (or a set of strategies) for the development of a sustainable agriculture in

Bangladesh. The specific objectives of this study were to: (1) derive empirical

estimates of the relationship between currently used agricultural technologies and
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sustainability, (2) estimate the effect of currently used agricultural technologies on

income distribution, (3) identify technologies and other variables affecting agricultural

sustainability, (4) assess the effect of sustainable farming systems on income

distribution, and (5) suggest national policies toward achieving sustainable agriculture

in Bangladesh.

The basis for the theoretical/conceptual framework of this study is a simple

inter-generational utility model put forward by Bishop and Woodward (1994). The

maintenance of utility across generations requires the maintenance of consumption.

Maintenance of consumption also requires maintenance of production across

generations. Therefore, sustainability of a society, non-negative change of

consumption over time, relies heavily on sustainability of production. In agriculture,

sustainability may be thought of as a characteristic of maintaining a farming system's

productive performance over time. Thus, for an agro-based country like Bangladesh,

sustainability depends on the maintenance of agricultural productivity.

Productivity measurement can be expressed either as (i) total factor

productivity (TFP), a productivity measurement that considers relative performance of

aggregate output over that of aggregate input or as (ii) partial factor productivity

(PFP), a productivity measurement that considers the relative performance of one or a

few outputs over that of one or a group of inputs. Since TFP measures the residual

growth in aggregate output not accounted for by the growth in aggregate factor input,

it is a measure of shifting production function. This shift can be considered as a

measure of technological change under certain neoclassical microeconomic

assumptions, such as competitive behavior in both output and input markets, constant
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returns to scale production function, Hicks neutral technological change and input-

output separability. If the resultant shifting of the production function of a system is

non-negative across time periods, the system can be considered as sustainable. Other

than the technological change, the production function may also shift as a result of

resource constraints or due to externalities. Therefore, to be a measure of

sustainability, the inter-temporal change in TFP needs to take into consideration inter-

temporal change in resources and externalities. The inter-temporal change in TFP is

an appropriate measure of sustainability as it addresses the change in productivity of a

system and does not allow resources to decrease.

There are two ways of measuring TFP: (1) using econometric analysis

(parametric) and (2) using growth accounting or index number procedure (non-

parametric). Both these approaches are linked through production theory and the

choice between them depends on research objectives, data requirements, data

availability, and appropriateness of assumptions. The index number procedure is

more convenient because of its simplicity in estimation procedure, no degrees of

freedom problem and effectiveness of capturing non-marketable inputs and outputs.

This study, therefore, uses the index number approach to measure TFP for the

measurement of sustainability. More specifically, the Tornqvist index, a discrete

approximation to the continuous time Divisia index, is used as it is superlative.

The sustainability index for the Mymensingh region, north-central part of

Bangladesh, was computed following the equation developed from the conceptual and

mathematical model. To see the impact of new technologies on income distribution,

inter-temporal change in the TFP index as a measure of technological change was
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computed for each income group. Different alternative scenarios were incorporated

into the model to evaluate their effects and ultimately to identify those responsible for

sustainability. The relationship between sustainability and income distribution were

observed through the computation of sustainability index for each income category.

Finally, based on the findings above, policy recommendations were made to achieve a

sustainable agriculture in Bangladesh.

The technological change index showed an overall technological progress

during the past two decades. This progress was, however, different for the farmers

of different farm size categories. Small farms experienced less technological progress

in terms of receiving output and income compared to medium or large farms. Thus,

technological progress tended to widen the distribution of income between the rich

and the poor (provided farm size and income are directly related, and available

empirical findings suggest that this is so). The sustainability index showed that the

existing agricultural production system is not sustainable. Again, it is the group of

small farms who is less likely to achieve sustainability. Under fairly optimistic

scenarios, the existing agricultural system can be made sustainable with the

implementation of alternative technological policies such as employment generation in

the rural areas through non-agricultural sectors, emphasis on fish and poultry

production, focus on need-based technology development etc. Economic policies

favoring free market price of rice and fertilizer did not show any positive impact on

sustainability indices. But a reduction of R and D expenditure through increased

work efficiency, reduced bureaucracy and increased responsibility of the public

employees contributed to increase sustainability indices. A simultaneous



implementation of technological and economic policies, which contribute positively

towards sustainability, is the best option for achieving sustainable agriculture in

Bangladesh.

8.2. CONCLUSION

The following conclusions can be drawn from the results and discussion of the

present study:

Technological progress, the relative increase of aggregate output over

aggregate input, continued throughout the past two decades in the agricultural

sector of the Mymensingh region, Bangladesh. Despite continuous

development of HYVs of different crops, average yields of rice (the most

widely grown crop) continued to decline. The main avenue for productivity

increase has been the expansion of HYVs along with the expansion of

irrigation and the increased use of other modern inputs.

Technological progress affects different size farms differently. Small farms

do not receive the same degree of benefits as medium or large farms do.

Thus, technological progress tends to widen the distribution of income

between the rich and the poor.

The agricultural production system in Bangladesh is not sustainable under the

existing technological and economic policy trajectory. As in the case of

technological progress, it is the category of small farms which is relatively

less likely to achieve sustainability.

It is possible for Bangladesh agriculture to approach sustainability under

alternative technological and economic policies. Such technologies are to be
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aimed at reducing unemployed and underemployed rural labor in the

agricultural sector, emphasizing poultry production, reducing fertilizer loss

and reducing R and D expenditure.

5. The empirical study was based on the Mymensingh region of Bangladesh. A

generalization of these results is, however, possible to other areas of the

country, where agro-ecological and socio-political conditions are similar to the

Mymensingh region. Thus, the findings of this study may be applicable to all

the agricultural regions of Bangladesh except parts of the Sylhet and

Chittagong regions.

8.3. POLICY RECOMMENDATIONS

The results of this empirical study reveal that the existing agricultural system

of Bangladesh is not sustainable. The alternative scenarios, however, indicate that

with proper implementation of appropriate policies, Bangladesh agriculture can be

made to move forward toward a sustainable agriculture. To accomplish this, several

alternative policies need to be implemented. Important policies recommended for

consideration and implementation are as follows:

1. In Bangladesh, agricultural communities are characterized by surplus labor.

Underemployed or unemployed rural laborers are considered as agricultural

laborers. These laborers share the resources of the agricultural community

and increase the cost to the society. Since, a reduction of such labor

(unemployed or underemployed) does not reduce productivity and increases

the sustainability index, policies for removing labor from the agricultural

sector are important. This needs generation of alternative employment in the
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rural areas. Through the development of small and cottage type industries in

the rural areas and provision of vocational training for rural youths, this

problem can be overcome.

Heavy monsoon rains and floods during summer and droughts during late

winter are typical in the Bangladesh environment. The waterlogged condition

of most rice soils, and hot and humid climate cause leaching and volatilization

loss of applied nitrogenous fertilizer (urea), although floods do enrich the top

soil. The farmers should be encouraged to use slow release fertilizers and

they should be trained about the timing of application of fertilizers so that the

leaching and volatilization loss of applied nitrogenous fertilizers are

minimized. This will reduce the amount of nitrogenous fertilizer needs and

increase the sustainability index both by saving input cost and by reducing

nitrate pollution effects.

Bangladesh agriculture is mainly constrained by scarcity and fragmentation of

land. An agricultural production process that demands less land but more

labor should be encouraged. Poultry production is an enterprise that can be

increased without requiring much land. Development of this enterprise can

also absorb unemployed or underemployed rural labor. The small farms

should, therefore, be provided with technologies for improved poultry

production and with access to credit and other necessary facilities. These will

encourage them to engage in poultry production.

Although relying completely on the free market situation does not increase the

sustainability index, it can increase profitability of farmers through increased



124

output price. However, some sort of price stabilization policies should be in

place so that the small farms can be protected from the price shock in the

international market. This can be done by fixing the price floor (designed to

match the average international price) and by maintaining a buffer stock to

neutralize international price shocks.

5. Since modern technologies tend to widen the distribution of income between

the rich and the poor, farmer specific technologies need to be developed and

adopted. This can be done following the farming systems approach to

technology generation and adoption. More emphasis needs to be given to

conducting adaptive research with particular emphasis on the generation of

technologies adoptable by small farms.

8.4. LIMITATIONS OF THE STUDY

The empirical study was based on published and unpublished secondary data

and on primary data collected from sampled farms. There are questions about the

reliability of the secondary data. Some discrepancies between data from different

sources were also noticed, although sensitivity analysis for such discrepancies showed

those had little impact on indices. Several measures were taken to use the most

reliable data available. It, however, can not be claimed that the data series used for

this study are completely free from error.

The study was constrained by the unavailability of data for several variables.

Many variables responsible for causing unsustainability (e.g., soil, water and air

pollution, adverse impact on fish, livestock and human health due to the application of
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agrochemicals; reduction of bio-diversity etc.) have not been included in this study

simply because of the lack of data.

The empirical study did not take into consideration international trade. The

domestic demand for several high value crops (fruits, vegetables and spices) is low

because of a low living standard. This results in a low domestic price and suggests a

potential comparative advantage in international trade (Mahmud et aL, 1994). By

developing proper domestic procurement and marketing facilities and sound export

systems, the comparative advantage of producing those high value crops can be

explored.

Although the model can be applied to any production sector involving natural

resources, its application is limited to the sustainability of production systems as it

takes the population growth as static. This may not be unrealistic for a short time

difference (between two consecutive fiscal years as used in this study) and for a

country like Bangladesh. Population growth in Bangladesh decreases slowly as

censuses of 1974, 1981 and 1991 report such growth rates of 2.48, 2.35 and 2.17,

respectively (BBS, 1994a). A modification of this model incorporating dynamic

population growth may provide more precise information which requires further

research.

Despite the limitations discussed above, the major findings of this study are

consistent with economic theory and have provided a general framework for

examining the sustainability of agricultural systems. This study is the first of its kind

to provide a rigorous empirical analysis, using the Bangladesh data, to determine the

effect of technological change on income distribution and sustainability of agricultural
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productivity. This study also provides a tool for examining alternative scenarios for

developing sustainable agriculture.

8.5. RECOMMENDATIONS FOR FUTURE RESEARCH

The course of study generated several questions towards which future research

can be focused. A few such problems directly related to the present study are given

below:

The study is, in part, based on the secondary data on agricultural production

of the Mymensingh region of Bangladesh. These data are collected by the

Bangladesh Bureau of Statistics, and there are questions about their reliability.

In addition, several environmental variables are omitted from the empirical

study because of lack of data. Further studies with more reliable data and

with more environmental variables would provide a more comprehensive test

of the model and a more realistic conclusion about the empirical situation.

This study focusses on the Mymensingh region. Generalization to other

regions in Bangladesh with similar agro-ecological conditions are made.

However, further empirical studies focusing on other regions would examine

the applicability of the model and provide opportunities for verification of this

study.

The model developed through the course of this thesis does not take into

consideration international trade and dynamic population growth. Expanding

the model to include international trade and dynamic population growth would

make the model more consistent with reality.
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Although, for an agro-based country like Bangladesh, agricultural productivity

is the major driving force of the economy, there are some non-agricultural

sectors (i.e., small and cottage industries, communication development, public

education etc.) contributing economic growth and development. Incorporating

such non-agricultural sectors in the model would measure a community's

sustainability more accurately.

A meaningful economic analysis often requires certain technical aspects to be

brought into consideration. Crop yield is such a technical aspect as it depends

mostly on physical and biological factors. An overall decrease in yields of

high yielding rice and Aman) and wheat varieties was observed during

the past two decades. In spite of continuous development of high yielding rice

and wheat varieties concurrent with other desirable attributes such as pest

resistance, lodging resistance, earlier maturity, higher nutritional quality,

wider adaptability etc., a continuous decline in average yields of these crops is

difficult to explain. In depth studies focusing on the causes of yield decline

would be able to examine whether the yield decline was due to varietal

degeneration, lowered soil fertility as a result of increased intensity of

cropping or expansion of high yielding varieties to marginal lands.

This study identifies several policy objectives for Bangladesh agriculture to

approach sustainability. This provokes further studies for the development of

appropriate policy interventions to achieve those objectives. Studies

examining the feasibility of each policy objective/intervention under the
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existing physical, social, economic and political conditions of Bangladesh are

also necessary.
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Appendix A. A map of Bangladesh showing the Mymensingh region
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Appendix B. Interview Schedule used for primary data collection

The information contained in this survey will be used solely for academic purposes. The specific
purpose of collecting this information is to prepare a Ph.D. thesis by Md. Shahidul Islam, Oregon State
University, Ballard Extension Hall #326, Corvallis, Oregon 97331-3601, U.S.A. Any extrapolation
from this survey may be published in scientific journals with no identity of any of the respondents.
The names of the respondents and the specific information he (she) provides will not be released to any
authority.
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Note (if any):

Interview conducted by:

Date:

1. Name:

2. Age: Year 3. Education: Year

4. Family Size: Head 5. Total owned land: Acre

6. Cultivable (own) land: Acre 7. Rented/Leased in: Acre

8. Rented/Leased out: Acre 9. Total cultivable: Acre

10. Rent out land: Acre 11. Rent in land: Acre

12. 13.



S.N. Output 1993-94 1992-93

Area (ac) Yield (md/ac) Production (md) Area (ac) Yield (md/ac) Production (md)

1 L.Ausrice

2 HYV Aus rice

3 Pajam Aus rice

4 L Amanrice

5 HYVAmanrice

6 Pajam Aman rice

7 L. Boro rice

8 HYV Boro rice

9 Pajam Boro rice

10 Wheat

11 Jute

12 Sugar cane

13 Rape & Mustard

14 Sesame

15 Linseed

16 Ground nut

17 Coconut

Table B.1. Production of crop output



S.N. Output 1993-94 1992-93

Area (ac) Yield (md/ac) Production (md) Area (ac) Yield (md/ac) Production (md)

18 Lentil

19 Chickpea

20 Black gram

21 Mung bean

22 Grass pea

23 Banana

24 Mango

25 Pineapple

26 Jack fruit

27 Papaya

28 Melons

29 Litchi

30 Potato

31 Sweet Potato

32 Arum

33 Okra

34 Cabbage

35 Cauliflower

Table B.1. Production of crop output (continued)



S.N. Output 1993-94 1992-93

Area Yield Production Area Yield Production

36 Tomato

37 Radish

38 Egg plant

39 Beans

40 Cucumber

41 Indian Spinach

42 Water gourd

43 Pumpkins

44 Chilies

45 Onion

46 Garlic

Table B.l. Production of crop output (continued)



S.N. Output 193-94 192-93

01 Cattle (No.)

02 Goat (No.)

03 Sheep (No.)

04 Chicken (No.)

05 Duck (No.)

06 Beef (kg)

07 Mutton (kg)

08 Chicken (kg)

09 Duck (kg)

10 Milk (kg)

11 Egg (No.)

12 Fish (Carp)

13 Fish (Cat)

14 Fish (Others)

148

Table B.2. Production of livestock and fish output



S.N Input 1993-94 Season 1992-93 Season

Bor & Aus Aman Rabi Total Bor & Aus Aman Rabi Total

1 Labor (own) (No.)

2 Labor (hired) (No.)

3 Draft animal (pair)

4 Cult, land (acre)

5 Seed (rice)

6 Seed (wheat)

7 Seed (potato)

8 Seed (other)

9 Urea (kg)

10 T.S.P(kg)

11 M.P. (kg)

12 Manure (mds)

13 Pesticide (kg)

14 Irrigation (acre)

15 Fish catch equip

16 L&Pfeed

17

Table B 3. Total agricultural input required



Appendix C. Secondary data on inputs and outputs for the Mymensingh region

Table C. 1. Output quantity produced in the Mymensingh region

Description/Year 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

Local Aus (t) 305515 351045 313780 287510 247255 234955 130545 286955 315955 320740
HYVAus(t) 24215 55245 100775 178845 193700 171105 179975 120350 153410 145780
PajamAus(t) 0 0 0 0 0 0 0 0 0 0
Total Aus (t) 329730 406290 414555 466355 440955 406060 310520 407305 469365 466520
LocalAman(t) 668015 687590 714705 661655 630210 649195 554455 811275 842305 790830
HYVAnian(t) 142100 183765 155295 249190 185530 80750 163425 247660 294060 237945
PajamAmau(t) 0 0 0 0 0 151697 227102 192547 271493 215671
TotalAnian(t) 810115 871355 870000 910845 815740 881642 944982 1251482 1407858 1244446
Local Boro (t) 105995 100303 110045 133035 132000 204000 135000 164000 172000 206000
HYV Boro (t) 194300 233595 236205 225885 180000 176000 170000 172000 205000 379000
Pajam Boro (t) 0 0 0 0 0 0 0 0 129000 88000
Total Boro (t) 300295 333898 346250 358920 312000 380000 305000 336000 506000 673000
Total Local (t) 1079525 1138938 1138530 1082200 1009465 1088150 820000 1262230 1330260 1317570
Total HYV (t) 360615 472605 492275 653920 559230 427855 513400 540010 652470 762725
TotalPajam(t) 0 0 0 0 0 151697 227102 192547 400493 303671
Total Rice (t) 1440140 1611543 1630805 1736120 1568695 1667702 1560502 1994787 2383223 2383966
Wheat(t) 1937 2019 1881 6896 7994 11774 11426 20865 28875 39154
Jute(t) 146909 180182 133818 178909 156727 172182 188727 187454 144182 175454
Sugar cane (t) 378256 451042 471888 418645 455267 474393 485623 450936 461917 499461



Table C. 1. Output quantity produced in the Mymensingh region (continued)

Description/Year 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

Rape and mustard (t) 12975 11890 13270 11102 8935 7620 8110 8270 7938 7770
Sesame(t) 1320 1376 1545 1285 1170 1045 936 1042 1066 995
Linseed (t) 128 135 90 80 60 55 62 65 102 102
Ground nut (t) 12025 12500 11165 12755 7120 7320 7005 6496 7247 6976
Coconut (t) 830 875 880 855 920 930 905 906 785 760
Lentil(t) 3090 3092 3104 3066 2945 2850 2835 2799 2141 2330
Chickpea (t) 1440 1440 858 974 905 790 710 707 600 687
Black gram (t) 6410 5910 3724 7426 5900 5100 4990 4665 3935 3577
Mungbean(t) 1040 760 943 910 935 850 715 636 705 610
Grass pea (t) 7830 8510 8619 8746 8120 7155 6705 6512 5780 5720
Banana(t) 31875 31995 31285 31013 29968 30094 29250 28834 27975 27274
Mango(t) 26199 23071 21755 20964 20119 20460 19860 19833 19184 20949
Pineapple(t) 902 1014 1130 1260 1308 1307 1270 1294 1355 1385
Jack fruit (t) 9208 9439 9260 9395 9855 9876 9261 9496 10338 9505
Papaya(t) 1411 1387 1387 1387 1387 1460 1460 1460 1460 1825
Melons(t) 2168 2031 2404 2521 2427 2567 2544 2661 2311 2357
Litchi (t) 1226 1234 1190 1115 1134 1215 1117 1143 1082 1167
Potato (t) 36373 35000 47000 61000 63665 70345 66025 58000 58000 64000
Sweet potato (t) 139033 128029 144525 159025 173779 178285 173275 172472 180815 176740
Arum (t) 2939 3018 3018 3277 3363 3794 3967 3795 4226 3622
Okra(t) 409 419 419 419 419 478 478 419 419 419



Table C. 1. Output quantity produced in the Mymensiugh region (continued)

Description 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

Cabbage(t) 2234 2278 2721 2784 2658 2847 2974 3101 3227 3417
cauliflower (t) 2142 2249 2601 2671 2601 2742 2882 3023 3234 3585
Tomato (t) 4964 4905 5659 5376 4999 5659 6036 6131 6036 6036
Radish(t) 7757 7991 11187 11064 11187 11187 12048 12171 12909 12909
Egg plant(t) 16082 15939 15939 16026 14633 14807 15243 15591 15242 15852
Beans (t) 1885 1876 2345 2533 2157 2533 2439 2533 2439 2533
Cucumber (t) 1243 1259 1079 1169 1079 1079 1079 1079 1079 1079
Indian spinach (t) 283 353 353 353 353 353 353 411 470 588
Water gourd (t) 2676 2746 3150 2907 2827 2988 2907 3069 3230 3553
Pumpkin (t) 2200 4503 4128 4203 3978 4278 4428 4203 4278 4428
Chilies (t) 3629 3769 4477 4796 4618 4245 3868 3929 3803 3931
Onion(t) 18150 17367 16449 16412 15556 16311 15344 15258 10569 8949
Garlic (t) 5706 5342 5075 4530 4834 5141 4926 5005 4726 4758
Beef(t) 391194 399694 408179 417041 425903 358383 362814 367456 372309 377637
Mutton(t) 71834 73598 75362 77224 79184 108192 110642 113190 115836 118580
Chicken(t) 98704 98704 98704 98704 98704 83809 87384 91256 95228 99300
Duck(t) 12015 12015 12015 12015 12015 25818 28399 31279 34457 37932
Milk(t) 38855 39504 40160 40828 41477 49112 49722 50366 50999 51675
Egg (000 No.) 77336 77771 77771 77771 77771 99191 95419 102084 109285 117071
Fish (Carp) (t) 13973 14012 14050 14012 14012 14131 9940 10016 10036 10628
Fish (Cat) (t) 5050 5064 5078 5064 5064 5113 3593 3620 3627 3841



Table C. 1. Output quantity produced in the Myniensingh region (continued)

Description/Year 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92

LocalAus(t) 308705 321175 265000 261000 257000 275130 236740 222240 180530 159980
HYV Aus (t) 136010 146015 181000 192000 179000 176723 84715 91235 106850 136440
PajamAus(t) 0 0 0 0 0 1810 965 1315 530 570
TotalAus(t) 444715 467190 446000 453000 436000 453663 322420 314790 287910 296990
Local Aman (t) 801705 853615 830850 577000 557000 510000 399000 536170 530620 497690
HYVAnian(t) 300875 297105 319000 215000 210000 214110 152825 220250 197370 257740
PajaniAman(t) 257561 159995 177431 215219 194920 198000 148000 160270 147490 142320
TotalAman(t) 1360141 1310715 1327281 1007219 961920 922110 699825 916690 875480 897750
Local Boro (t) 158000 155000 183000 143000 126000 142403 67805 77420 91840 104160
HYV Boro (t) 458000 404000 494000 399000 527000 653000 923000 933690 926790 1022270
Pajani Boro (t) 70000 77000 130000 92000 120000 159000 62000 50380 57870 48740
Total Boro (t) 686000 636000 807000 634000 773000 954403 1052805 1061490 1076500 1175170
Total Local (t) 1268410 1329790 1278850 981000 940000 927533 703545 835830 802990 761830
T0ta1HYV(t) 894885 847120 994000 806000 916000 1043833 1160540 1245175 1231010 1416450
Total Pajam(t) 327561 236995 307431 307219 314920 358810 210965 211965 205890 191630
Total Rice (t) 2490856 2413905 2580281 2094219 2170920 2330176 2075050 2292970 2239890 2369910
Wheat (t) 49433 70770 94275 75040 80890 76580 79025 69410 77040 85390
Jute(t) 87091 87091 151454 272909 202727 202909 115454 122182 139882 118640
Sugar cane (t) 515112 501870 481462 464833 492905 510265 470478 517185 516185 521193



Table C. 1. Output quantity produced in the Mymensingh region (continued)

Description/Year 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92

Rapeandmustard(t) 8144 9246 10826 9945 8015 19066 16151 17595 17680 17722
Sesame (t) 1085 2689 2629 2800 2914 2572 1657 1899 1590 1248
Linseed(t) 102 102 102 115 105 337 311 325 270 263
Ground nut(t) 7795 6858 5429 5810 5366 5377 4958 5708 6820 5860
Coconut(t) 860 965 1005 1040 1195 1180 1272 1345 1325 1455
Lentil (t) 2293 2284 2000 2000 2601 2251 2236 2340 2150 2091
Chickpea(t) 728 783 1000 2191 2304 2160 2407 2605 2405 2202
Black gram (t) 3794 3543 5000 4000 6722 6806 5636 5915 6370 6159
Mungbean(t) 615 635 550 519 550 515 421 465 480 487
Grass pea (t) 6457 6265 6000 5000 7338 7229 6159 5480 5560 5820
Banana (t) 28530 28760 27765 28355 29549 30465 29931 30433 32085 30715
Mango (t) 22100 15700 16635 16205 17020 17075 16708 13982 14100 13260
Pineapple (t) 1505 1600 1505 1855 2710 3035 3320 2907 3420 3680
Jack fruit (t) 9835 10075 12470 13825 13850 14525 15101 14916 14465 14705
Papaya(t) 1898 1971 1971 2044 1965 2210 2266 2040 2115 2198
Melons (t) 2801 2824 2847 2894 2635 2875 2946 2524 2495 2438
Litchi (t) 1205 795 885 1015 1045 1115 1120 1095 995 1029
Potato (t) 52000 92000 86000 78000 76000 80000 73000 73540 94405 105283
Sweet potato (t) 173000 176000 164000 138000 139000 127000 99000 100070 99330 96768
Arum(t) 4829 5002 4916 5433 4570 6510 5556 6790 6820 7152
Okra (t) 478 478 419 478 450 620 635 645 730 756



Table C. 1. Output quantity produced in the Mymensingh region (continued)

Description/Year 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92

Cabbage (t) 3607 3797 3987 3987 4055 4260 3438 3960 4640 4736
Cauliflower(t) 3585 3937 4148 4148 4360 4785 3782 4260 4310 4278
Tomato (t) 6508 6697 6697 6697 7145 7515 7761 8410 8310 8001
Radish(t) 13892 15244 15982 16351 16925 18335 18972 21375 22620 22451
Egg plant(t) 15765 15591 14633 14546 16010 15675 15672 18035 19640 19577
Beans (t) 2626 2720 2814 2908 2185 2515 2861 3295 4665 4797
Cucumber (t) 1079 1079 989 1079 905 940 1368 1535 1735 1734
Indian spinach (t) 646 646 588 588 405 450 814 960 985 1037
Water gourd (t) 3715 3796 3957 4119 4045 4410 4946 5450 5590 5782
Pumpkin (t) 4653 4653 4428 4728 4720 5015 5388 5135 5390 5684
Chilies (t) 4377 4284 4191 4098 4100 5100 4675 4590 4680 4573
Onion(t) 12454 12098 12454 12187 12910 13190 11946 12885 11240 11297
Garlic (t) 4300 4300 4000 3900 4145 3780 3801 4165 3330 3501
Beef(t) 382965 379061 382754 386974 390877 395097 399423 403537 404170 408285
Mutton(t) 121324 129850 139258 149352 160034 170598 183946 197274 209524 224618
Chicken (t) 103669 122635 130381 138424 147063 156298 166029 176456 183307 194727
Duck(t) 41805 25321 25619 25917 26215 26513 26811 27108 26712 27009
Milk (t) 52332 37523 37921 38402 38820 39250 39641 40082 40094 40535
Egg (000 No.) 125515 111466 116419 121658 127005 133067 139227 145849 147938 156653
Fish (Carp) (t) 11145 11031 11178 11178 11340 11502 11502 11664 12474 13411
Fish (Cat) (t) 4028 3986 3948 3948 4112 4112 4112 4277 4441 4847



Table C.2. Output price in the Mymensingh region

Description/Year 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

Local Aus (Tk./t) 873 1118 1367 1487 1550 1914 1865 2031 2436 2571
HYV Aus (Tk.It) 873 1018 1367 1487 1550 1914 1865 2031 2436 2571
Pajam Aus (Tk./t) 916.65 1173.9 1435.35 1561.35 1627.5 2009.7 1958.25 2132.55 2557.8 2699.55
Local Anian (Tk./t) 1039 1632 1636 1875 1999 2179 2651 2951 2899 3334
HYVAman(Tk./t) 1039 1632 1636 1875 1999 2179 2651 2951 2899 3334
PajamAinan(Tk./t) 1039 1632 1636 1875 1999 2179 2651 2951 2899 3334
Local Boro (Th./t) 1090 1359 1522 1795 1843 2010 2754 2788 2703 3164
HYV Boro (Tk.It) 1090 1359 1522 1795 1843 2010 2754 2788 2703 3164
PajamBoro(Tk./t) 1166.3 1454.13 1628.54 1920.65 1972.01 2150.7 2946.78 2983.16 2892.21 3385.48
Wheat (ThIt) 804 1975 1710 1445 2048 2055 2089 2632 2848 3471
Jute (Tk.It) 1449 1311 2241 2154 2932 4099 3451 2561 3146 3417
Sugar cane (Tk.It) 100 155 309 263 268 281 322 359 394 429



Table C.2. Output price in the Mymensingh region (continued)

Description/Year 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

Rape &must(Tk./t) 2334 4425 4783 5140 5534 6126 5218 6052 7676 6584
Sesame (Tk./t) 1649 3975 3753 3534 3990 4633 4448 5899 6838 5567
Linseed (Tk./t) 1600 3448 3232 3015 4011 4724 4157 4896 5900 5514
G. nut (Tk./t) 1861 2789 2922 3055 3624 3824 4689 6046 6668 5908
Coconut (Tk./t) 496 981 1130 1279 1392 1272 2211 2478 2639 2163
Lentil (Tk.It) 1127 2456 2547 2637 2748 3211 3800 4251 6324 6641
Chickpea (Tk.It) 1137 2481 2556 2631 2090 2518 3135 3820 5529 6106
Black gram (Tk./t) 1081 1861 3397 2567 2118 3516 3693 4176 4008 4627
Mung bean (Tk./t) 1667 2913 3430 3947 4372 4796 4486 5608 8451 8143
Grass pea (Tk./t) 765 1940 1724 1507 1290 1850 1688 2288 3843 3055
Banana (Tk./t) 911 1321 1793 2153 1586 1883 2813 3337 3937 4822
Mango (Tk.It) 685 1134 2025 2917 1609 4069 4902 6544 8637 7912
Pineapple (Tk./t) 512 734 683 629 794 991 2277 2986 1561 1802
Jack fruit (Tk./t) 192 618 699 777 787 883 1018 1338 926 973
Papaya (Tk./t) 602 1063 1341 1619 1194 1209 2411 3124 2620 2245
Melons (Tk./t) 602 1063 1341 1619 1194 1209 2010 2588 1961 1931
Litchi (Tk./t) 1308 3844 3652 3815 4490 4500 6249 5369 5350 5831
Potato (Tk.It) 655 1406 1719 1490 976 1250 1666 1374 1537 1186
S. potato (Tk./t) 253 518 431 343 498 423 606 758 825 938
Arum(Tk./t) 305 550 670 790 861 1259 1683 2202 2366 2010
Okra (Tk./t) 352 858 1102 1377 1258 1500 2010 2448 1865 1940



Table C.2. Output price in the Myniensingh region (continued)

Description/Year 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

Cabbage (Tk./t) 173 650 729 594 531 804 1072 1521 825 1099
Cauliflower (Tk./t) 285 979 1094 1208 1012 1314 1558 2138 1501 1486
Tomato (Tk./t) 253 669 616 716 716 748 1161 1539 1412 1260
Radish (Tk./t) 324 550 892 514 739 951 1619 2016 1292 1071
Egg plant (Tk./t) 249 697 892 831 805 951 1619 2016 1811 1607
Beans (Tk./t) 207 772 897 744 844 844 1004 1323 1702 1741
Cucumber (TkJt) 314 391 693 83! 767 1039 1484 2107 816 1128
md spinach (Tk./t) 217 450 565 631 689 742 1004 1324 1452 1236
Water gourd (Tk./t) 325 550 457 648 463 532 595 630 930 788
Pumpkin (Tk./t) 296 550 457 648 463 532 595 1020 742 872
Chilies (Tk./t) 1673 7903 7530 7770 11792 15573 8831 9881 23254 11305
Onion (Tk./t) 390 1608 1729 1817 1065 1602 1741 2502 4147 3450
Garlic (Tk.It) 806 2827 4731 4496 4019 2511 2827 3833 6469 5976
Beef (Tk./t) 4678 6622 7521 6844 6844 11286 14931 17378 16747 17064
Mutton (tk./t) 7533 9801 10557 9612 9612 15120 21465 22653 21249 25083
Chicken (Tk.ft) 5346 6399 8775 7992 7524 12960 16497 20790 18144 23490
Duck (Tk.It) 5346 6399 8775 7992 7524 12960 16497 20790 18144 23490
Milk (Tk./t) 1300 1766 2790 2889 2700 3294 3919 4964 4592 3791
Egg (Tk./000 No.) 227 306 417 500 510 570 649 742 732 661
Fish (Carp) (Tk./t) 4989 5927 7253 9001 9973 10585 14764 16564 16097 14347
Fish (Cat) (Tk.It) 4993 6490 9544 9510 11476 10963 16757 17262 17416 16349



Table C.2. Output price in the Mymensingh region (continued)

Description/Year 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92

Local Aus (Tk.ft) 3398 3452 4729 3921 4484 5272 5009 5038 5276 5924
HYV Aus (Tk.It) 3398 3452 4729 3921 4810 5723 5624 5685 5585 6060
PajamAus(Tk./t) 3567.9 3624.6 4965.45 4117.05 4708.2 5535.6 5259.45 5289.9 5539.8 6220.2
Local Aman (Tk./t) 3491 4213 5048 4379 5672 5945 5779 5247 6017 6249
HYVAinan(Tk./t) 3491 4213 5048 4379 5851 6009 5978 5326 6321 6245
PajamAman(Tk./t) 3491 4213 5048 4379 5851 6009 5978 5326 6321 6245
Local Boro (Tk.It) 3438 4165 3824 4195 5039 4514 5395 4998 5421 5637
HYV Boro (Tk.It) 3438 4165 3824 4195 5039 4514 5190 5359 6128 5952
PajamBoro(Th./t) 3678.66 4456.55 4091.68 4488.65 5391.73 4829.98 5553.3 5734.13 6556.96 6368.64
Wheat (Tk/t) 3848 3720 3942 4290 5001 4871 5393 5827 5589 6413
Jute (Tk./t) 5037 5287 11441 5436 2833 7669 5966 7211 8667 6035
Sugar cane (Tk.It) 429 440 503 630 656 656 737 1038 951 959



Table C.2. Output price in the Mymensiugh region (continued)

Description/Year 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92

Rape &must(Tk./t) 6532 10438 9388 11149 11889 10831 12907 12324 11699 13770
Sesame (Tk.It) 6822 11622 9020 7392 8971 9483 10963 11289 13754 12855
Linseed (Tk.It) 5554 7867 8904 8360 8918 9239 10821 11616 11334 12168
G. nut (Tk./t) 7528 10844 9898 10809 9172 11114 13838 13216 13270 17782
Coconut (TL/t) 2353 3222 3198 3581 3867 4242 5014 3560 4646 4772
Lentil (Tk.ft) 6135 6539 5984 10021 12230 10633 13124 13964 12844 14716
Chickpea (Tk./t) 6153 7786 6851 10351 10167 10028 15360 13456 14262 13609
Black gram (Tk.It) 6197 7699 7951 9970 10058 8102 9463 11035 11321 13715
Mung bean (Tk./t) 7254 9870 9924 13106 11232 16003 15077 15489 23164 18410
Grass pea (Tk./t) 3135 3888 3034 4652 6254 4856 11197 9517 7190 6319
Banana (Tk./t) 3251 4294 6270 6348 6602 6670 7626 7988 8044 11220
Mango (Tk.It) 6069 6603 6065 5152 7148 6758 7113 7171 10639 11265
Pineapple (Tk.It) 2285 3338 4412 4749 5065 3469 5631 3645 4024 3949
Jack fruit (Tk./t) 1278 1322 1523 1512 1766 1992 2313 2919 1823 1895
Papaya (Tk./t) 1519 2444 2992 3114 3278 3477 4579 3449 3449 3586
Melons (Tk./t) 1831 4689 6433 6277 5255 6995 9256 9061 4060 4221
Litchi (Tk.ft) 6546 8721 8316 10660 10600 20790 20659 20307 20307 21111
Potato (Tk.It) 1052 2571 2138 2735 3549 2022 5331 3479 3274 3315
S. potato (Tk.It) 721 1187 1442 1557 1628 1868 2516 1825 1802 2756
Arum(Tk./t) 1414 2862 3525 2997 4430 4817 4014 3828 4159 4324
Okra (Tk./t) 1765 3416 4669 4055 4587 4824 8145 5178 5918 5325



Table C.2. Output price in the Mymensingh region (continued)

Description/Year 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92

Cabbage (Tk./t) 1929 2095 1183 2226 1100 2070 4198 2926 3103 3226
Cauliflower (Tk./t) 1967 3613 3011 4673 4872 4185 8721 5655 5876 6109
Tomato (Tk.lt) 1123 2296 1772 4402 3360 2885 7102 5080 4849 7427
Radish (Tk.It) 644 1051 1863 1792 1764 992 1068 2192 2201 982
Egg plant (Tk./t) 1485 2740 3080 2832 4980 2006 6162 3195 6280 3390
Beans (Tk.It) 1270 2899 2113 3496 4150 3090 6088 4078 5615 5837
Cucumber (Tk./t) 1295 2440 2754 3109 4699 4099 4499 3560 4904 5098
hid spinach (Tk.It) 820 1652 1862 2395 2773 1904 3338 2441 2150 2235
Water gourd (Tk./t) 905 2056 1333 2536 2528 1656 2573 2798 2809 2920
Pumpkin (Tk.It) 1149 1954 1333 1649 1999 1897 3209 2640 2979 3105
Chilies (Tk./t) 11934 33840 29574 14266 26628 27689 22784 36735 63530 57147
Onion (Tk.ft) 2910 2449 4439 5076 3813 7716 7344 5210 12873 7071
Garlic (Tk./t) 5945 4562 3549 16778 24894 24434 11752 13783 30305 13424
Beef (Tk.ft) 19384 20322 29754 39528 39017 36936 40014 54540 58266 53549
Mutton (tk./t) 28593 27999 45279 60102 59481 60318 65826 82971 83538 83673
Chicken (Tk./t) 27405 25573 36423 44496 47331 42147 62235 66744 71739 78246
Duck (Tk./t) 27405 25573 36423 44496 47331 42147 62235 66744 71739 78246
Milk (Tk.ft) 3713 4844 6537 8154 7976 9474 11589 11982 12065 13095
Egg (Tk./000 No.) 711 1031 1217 1444 1581 1689 1893 2230 2073 2361
Fish (Carp) (Tk./t) 14514 20873 29637 37150 45993 52378 50994 71154 72061 74595
Fish (Cat) (Tk./t) 15720 20915 28204 35919 39784 45307 47384 60446 62895 59848



Table C.3. Input quantity used in the Mymensingh region

Description/Year 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

Labor (No.) 1764888 1792532 1801494 1803295 1785264 1785085 1738302 1734833 1733100 1733274
Dr Animal (Pair) 336353 344978 349521 356655 365800 373116 382444 390092 401795 411840
Cult land (acre) 2113176 2127067 2084682 2126155 2073123 2098270 2109221 2116522 2145421 2150897
Seed - Rice (t) 31983 32695 30967 33248 30975 31194 31044 29751 34485 38170
Seed-Wheat(t) 316 353 357 578 611 631 615 1274 1645 2027
Seed-Potato(t) 10825 10880 12749 13024 10425 12200 12262 11000 11500 12500
Urea(t) 41163 40963 24788 48261 47907 71089 67838 72642 81904 71578
T.S.P. (t) 6410 7603 5526 6916 9112 16757 17245 14621 17211 20075
M.P. (t) 1390 1038 1437 1411 1390 3373 4048 3194 2967 2664
Irrigation (acre) 550250 567000 561100 601820 547800 567925 598335 598335 683107 709478
Gran pesticide (t) 14 29 43 58 192 140 96 116 140 114
EC pesticide (t) 10 12 15 20 25 15 6 12 20 15
Soil pesticide (t) 0 0 0 1 3 1 1 7 3 3



Table C.3. Input quantity used in the Mymensingh region (continued)

Description/Year 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 9 1-92

Labor (No.) 1774154 1790282 1835630 1878508 1923327 1968675 2014552 2064488 2131267 2176924
Dr Animal (Pair) 421724 423379 431846 440483 449293 453395 457975 466676 473676 478412
Cult land (acre) 2157386 2167729 2165194 2196000 2218000 2079500 1941000 2113000 2133000 2147931
Seed-Rice(t) 35973 35275 36098 34101 34340 34148 30198 32029 32040 31930
Seed-Wheat(t) 2367 2955 4364 4058 4640 4410 4118 4356 4582 4585
Seed-Potato(t) 12000 14000 15000 13500 12617 13135 12971 13475 14855 15097
Urea(t) 90802 95845 115472 110177 129593 138367 123058 148263 143409 164050
T.S.P. (t) 22758 31728 40081 28601 32208 40007 37028 33238 35522 31590
M.P. (t) 3421 4259 4504 3928 7309 6357 6507 8604 10626 8147
Irrigation (acre) 714425 804655 829935 828375 853375 895326 992037 1064440 1045990 1055296
Gran pesticide (t) 158 189 190 227 230 240 280 371 398 391
EC pesticide (t) 14 14 17 22 40 36 58 64 68 70
Soil pesticide (t) 2 2 2 10 8 10 8 2 2 4



Table C.4. Input price in the Mymensmgh region

Description/Year 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

Labor (Tk.Iday) 5.63 8.92 11.74 9.29 9.29 10 10.82 13.83 16.25 21.25
Dr. An. (Tk./Pair) 11.26 17.84 23.48 18.58 18.58 20 21.64 27.66 32.5 42.5
Land rent (Tk.Iacre) 195 616 233 993 851 1047 1404 2251 2611 2691
Seed - Rice (Tk./t) 2078 3264 3272 3750 3998 4358 5302 5902 5798 6668
Seed-Wheat (Tk./t) 1608 3950 3420 2890 4096 4110 4178 5264 5696 6942
Seed-Potato (Tk./t) 1310 2812 3438 2980 1952 2500 3332 2746 3074 2372
Urea (Tk./t) 952 1361 1361 1633 1633 1905 2449 2994 3593 3966
T.S.P. (Tk.ft) 816 1088 1088 1306 1306 1497 1497 2177 2585 2948
M.P. (Tk./t) 544 816 816 816 1088 1088 1224 1497 1905 2449
Irrigation (Tk./acre) 299 321 369 345 350 365 385 455 490 630
Gran pesticide (Tk./t) 85 100 164 133 128 151 163 188 205 241
EC pesticide (Tk./t) 85 100 164 133 128 151 163 188 205 241
Soil pesticide (Tk.It) 85 100 164 133 128 151 163 188 205 241



Table C.4. Input price in the Mymensingh region (continued)

Description/Year 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 9 1-92

Labor (Tk./day) 23.54 19.26 21.02 27.44 30.67 31 32 35.73 37.91 40.89
Dr. An. (Tk.IPair) 47.08 38.52 42.04 54.88 61.34 62 64 71.46 75.82 81.78
Land rent (Tk./acre) 2905 4172 5796 2372 4470 6499 5789 4312 5642 4151
Seed-Rice (Tk./t) 6982 8426 10096 8758 11702 12018 11956 10652 12642 12490
Seed-Wheat (Tk./t) 7696 7440 7884 8580 10002 9742 10786 11654 11178 12826
Seed - Potato (Tk./t) 2104 5142 4276 5470 7098 4044 10662 6958 6548 6630
Urea (Tk.It) 3966 4360 4665 4800 4800 4575 4575 4575 4575 4575
T.S.P. (Tk./t) 2948 3240 4366 5000 5000 4725 4725 4725 4725 4725
M.P. (Tk./t) 2948 3240 3466 3575 4000 4000 3725 4050 4650 5150
Irrigation (Tk./acre) 815 830 950 1035 1090 1100 1150 1200 1270 1300
Gran pesticide (Tk.It) 247 269 304 332 370 405 430 467 501 523
EC pesticide (Tk.It) 247 269 304 332 370 405 430 467 501 523
Soil pesticide (Tk./t) 247 269 304 332 370 405 430 467 501 523



Table C.5. Supporting data used in this study

DescriptionlYear 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

World rice price ($/t) 296.58 541.50 363.17 254.08 272.42 368.50 334.33 433.67 482.83 293.38
World urea price ($/t) 94.75 315.75 197.67 111.67 127.42 144.83 146.46 221.88 217.33 159.54
World TSP price ($It) 100.00 308.00 205.00 91.52 97.92 98.04 143.34 178.04 160.87 140.04
RandDcost(inilTk.)!13.16 172.51 288.09 263.94 270.84 305.34 518.45 616.17 783.30 882.00
Cost of liv. index 0.656 1.00 1.67 1.53 1.57 1.77 1.91 2.27 2.55 2.96
Exchange rate (Tk./$) 7.8763 7.9664 8.8752 15.0541 15.4260 15.1168 15.2231 15.4900 16.2586 20.0652



Table C.4. Supporting data used in this study (continued)

Description/Year 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92

World rice price ($/t) 276.83 252.25 217.42 210.17 229.75 301.50 320.33 287.17 312.58 287.44
World urea price ($It) 124.46 171.29 136.33 107.00 117.13 155.00 136.83 157.00 172.00 140.33
WorldTSPprice($/t) 134.04 131.25 121.38 121.17 138.25 158.38 144.50 131.82 133.12 120.74
RandDcost(milTk.)956.45 1051.08 938.98 1199.90 1173.00 1030.40 1156.00 1316.60 1414.40 1622.30
Cost of liv. index 3.26 3.57 3.97 4.36 4.81 5.36 5.79 6.33 6.89 7.24
Exchange rate(Tk./$)23.7953 24.9437 25.9634 29.8861 30.6294 31.2422 32.1399 32.9214 35.6752 38.1453



Appendix D. Sensitivity analysis of the assumption of the rental rate of
draft power

Table D. 1. Technological change index with different rental rates of draft power
(one, two, three and four times the wage rate)
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Change of Fiscal year Wage*l Wage*2 Wage*3 Wage*4

1972/73 - 1973/74 1.0076 1.0066 1.0057 1.0050
1973/74 - 1974/75 1.0075 1.0058 1.0045 1.0035
1974/75 - 1975/76 1.0118 1.0111 1.0105 1.0101
1975/76 - 1976/77 1.0031 0.9991 0.9958 0.9931
1976177 - 1977/78 0.9871 0.9865 0.9859 0.9855
1977178 - 1978179 1.0106 1.0070 1.0041 1.0017
1978/79 - 1979/80 1.0179 1.0161 1.0146 1.0134
1979/80 - 1980/81 0.9999 0.9985 0.9973 0.9963
1980/81 - 1981/82 1.0450 1.0427 1.0409 1.0395
1981/82 - 1982/83 0.9861 0.9856 0.9853 0.9850
1982/83 - 1983184 0.9906 0.9915 0.9922 0.9927
1983/84 - 1984/85 1.0429 1.0427 1.0426 1.0425
1984/85 - 1985/86 1.0130 1.0124 1.0119 1.0115
1985/86 - 1986/87 1.0125 1.0129 1.0132 1.0135
1986/87 - 1987/88 1.0540 1.0524 1.0510 1.0499
1987/88 - 1988/89 1.0343 1.0320 1.0301 1.0285
1988/89 - 1989/90 0.9868 0.9896 0.9919 0.9938
1989/90 - 1990/91 1.0050 1.0057 1.0062 1.0067
1990/91 - 1991/92 1.0215 1.0223 1.0229 1.0234

Mean 1.0125 1.0116 1.0109 1.0103
S.D 0.0194 0.0189 0.0186 0.0185
C.V. (%) 1.9119 1.8688 1.8424 1.8265
t-statistics 2.8119 2.6756 2.5488 2.4332
C.I. (0.95) L 1.0032 1.0025 1.0019 1.0014
C.I. (0.95) U 1.0218 1.0207 1.0199 1.0192
% Change 0.0873 0.0000 -0.0706 -0. 1289
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Table D.2. Sustainability index with different rental rates of draft power (one, two,
three and four times the wage rate)

Change of fiscal year Wage*1 Wage*2 Wage*3 Wage*4

1972/73 - 1973/74 0.9803 0.9823 0.9838 0.9851
1973/74 - 1974/75 0.9772 0.9790 0.9805 0.9817
1974/75 - 1975/76 0.9724 0.9760 0.9789 0.9812
1975/76 - 1976/77 0.9798 0.9783 0.9771 0. 9762
1976/77 - 1977/78 0.9525 0.9553 0.9576 0.9596
1977/78 - 1978/79 0.9768 0.9767 0.9767 0.9767
1978/79 - 1979/80 0.9342 0.9402 0.9451 0.9494
1979/80 - 1980/8 1 0.9198 0.9257 0.9306 0.9347
1980/81 - 1981/82 0.9981 1.0005 1.0026 1.0043
1981/82 - 1982/83 0.9368 0.9414 0.9451 0.9482
1982/83 - 1983/84 0.9713 0.9738 0.9759 0.9777
1983/84 - 1984/85 0.9765 0.9815 0.9859 0.9896
1984/85 - 1985/86 1.0956 1.0869 1.0798 1.0739
1985/86 - 1986/87 0.9546 0.9609 0.9660 0.9703
1986/ 87 - 1987/88 0.9863 0.9910 0.9949 0.9983
1987/88 - 1988/89 1.0908 1.0831 1.0767 1.0713
1988/89 - 1989/90 0.8582 0.8729 0.8851 0.8954
1989/90 - 1990/9 1 1.0205 1.0195 1.0187 1.0181
1990/91 - 1991/92 0.8931 0.9066 0.9176 0.9268

Mean 0.9723 0.9753 0.9778 0.9799
S.D 0.0553 0.0501 0.0459 0.0424
C.V. (%) 5.6854 5.1361 4.6930 4.3294
t-statistics 2.1805 2. 1449 2.1057 2.0633
C.I. (0.95) L 0.9457 0.9512 0.9557 0.9595
C.I. (0.95) U 0.9990 0.9995 1.0000 1.0004
% Change -0.3079 0.0000 0.2545 0.4683



Appendix E. An example of index computation

This appendix shows a step by step computation of both the technological
change index and the sustainability index using actual data sets for the fiscal years
1972-73, 1973-74 and 1974-75. Output quantity and price data sets are presented in
Tables C. 1. and C.2. Similarly, input quantity and price data sets are presented in
Tables C.3. and C.4. (for convenience, repeated in Table E.4.), and a set of
supporting data set is in Table C.5.

For output, the procedure begins with the computation of revenues at current
prices by multiplying output quantities by their respective current prices. The current
price revenues are then deflated with the cost of living index. The deflated revenues
for all outputs are summed up to form the total revenue. Using the total revenue as a
denominator, revenue share for each output is computed. An average revenue share
of the two adjacent fiscal years for each output is obtained. Output quantities are also
converted into natural logarithmic forms and their changes between two adjacent fiscal
years for every output are obtained. Average revenue shares are multiplied by their
respective output changes to form individual output indices which are added up to
make the output index for change between the two fiscal years.

For input, the procedure begins with the same way by computing costs at
current prices through the multiplication of input quantities by their respective current
prices. As in the case of revenues, current price costs are deflated using the cost of
living index. Deflated costs for all individual inputs are added up to form a total cost
and using that as a denominator, cost share for each individual input is obtained. An
average cost share for each individual input between two adjacent fiscal years is
computed as usual. Individual input quantities are converted into natural logarithmic
forms and their changes between two adjacent fiscal years are obtained. The
multiplication of average cost share by their respective input change generates input
indices for each input which are then added up to form the input index.

The total factor productivity index is the difference between the output index
and the input index. The computation of both the technological change index and the
sustainability index uses the same output variables. The input variables used for
computing these indices are, however, different. The computation technological
change index uses labor, draft animal, seed, fertilizer, irrigation and pesticide as input
variables. The computation of sustainability index, however, uses all these variables,
and a soil nutrient deficits in the form of fertilizers and investment in research and
development as inputs variables.

A numerical computation of both the technological change index and the
sustainability index between fiscal years of 1972-73 and 1973-74 and between fiscal
years of 1973-74 and 1974-75 follows.
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Table E.1. Current and deflated revenues (,Tk.)

Output Current Deflated

1972-73 1973-74 1974-75 1972-73
J

1973-74 l974-75

Local Aus 2.67e+08 3.92e+08 4.29e+08 4.07e+08 3.92e+08 2.57e+08
HYVAUS 21139695 61763910 1.38e+08 32225145 61763910 82490674
PajamAus 0 0 0 0 0 0
Local Anan 6.94e+08 1.12e+09 1.17e+09 1.06e+09 1.12e+09 7.00e+08
HYV Ainan 1.48e+08 3.00e+08 2.54e+08 2.25e+08 3.00e+08 1.52e+08
PajamAman 0 0 0 0 0 0
Local Boro l.lOe+08 1.64e+O8 1.80e+08 1.68e+08 1.64e+08 1.08e+08
HYV Boro 2.02e+08 3.81e+O8 3.86e+O8 3.08e+08 3.81e+08 2.31e+08
PajamBoro 0 0 0 0 0 0
\Vheat 1557348 3987525 3216510 2374006 3987525 1926054
Jute 2.13e+08 2.36e+08 3.00e+08 3.24e+08 2.36e+03 1.SOe+O8
Sugarcane 37825600 69911510 1.46e+08 57660976 69911510 87313408
Rape&znustard 30283650 52613250 63470410 46164101 52613250 38006234
Sesame 2176680 5469600 5798385 3318110 5469600 3472087
Linseed 204800 465480 290880 312195.1 465480 174179.6
Ground nut 22378525 34862500 32624130 34113605 34862500 19535407
Coconut 411680 858375 994400 627561 858375 595449.1
Lentil 3482430 7593952 7905888 5308582 7593952 4734065
Chickpea 1637280 3572640 2193048 2495854 3572640 1313202
Black gram 6929210 10998510 12650428 10562820 10998510 7575107
Mung bean 1733680 2213880 3234490 2642805 2213880 1936820
Grasspea 5989950 16509400 14859156 9131021 16509400 8897698
Banana 29038125 42265395 56094005 44265434 42265395 33589225
Mango 17946315 26162514 44053875 27357188 26162514 26379566
Pineapple 461824 744276 771790 704000 744276 462149.7
Jack fruit 1767936 5833302 6472740 2695024 5833302 3875892
Papaya 849422 1474381 1859967 1294851 1474381 1113753
Melons 1305136 2158953 3223764 1989537 2158953 1930398
Litchi 1603608 4743496 4345880 2444524 4743496 2602323
Potato 23824315 49210000 80793000 36317553 49210000 48379042
Sweet potato 35175349 66319022 62290275 53620959 66319022 37299566
Arum 896395 1659900 2022060 1366456 1659900 1210814
Okra 143968 359502 461738 219463.4 359502 276489.8
Cabbage 386482 1480700 1983609 589149.4 1480700 1187790
Cauliflower 610470 2201771 2845494 930594.5 2201771 1703889
Tomato 1255892 3281445 3485944 1914470 3281445 2087392
Radish 2513268 4395050 9978804 3831201 4395050 5975332
Eggplant 4004418 11109483 14217588 6104296 11109483 8513526
Beans 390195 1448272 2103465 594809,5 1448272 1259560
Cucumber 390302 492269 747747 594972.6 492269 447752.7
Indian spinach 61411 158850 199445 93614.33 158850 119428.1
Water gourd 869700 1510300 1439550 1325762 1510300 862006
Pumpkin 651200 2476650 1886496 992682.9 2476650 1129638
Chilies 6071317 29786407 33711810 9255056 29786407 20186713
Onion 7078500 27926136 28440321 10790396 27926136 17030132
Garlic 4599036 15101834 24009825 7010726 15101834 14377141
Beef 1.83e+O9 2.65e+09 3.07e+09 2.79e+09 2.65e+09 1.84e+09
Mutton 5.41e+08 7.21e+08 7.96e+08 8.25e+08 7.21e+08 4.76e+08
Chicken 5.28e+08 6.32e+08 8.66e+08 8.04e+08 6.32e+08 5.19e+08
Duck 64232190 76883985 l.OSe-i-08 97914924 76883985 63132710
Milk 50511500 69764064 1.12e+08 76999238 69764064 67093653
Egg 17555272 23797926 32430507 26761085 23797926 19419465
Fish (Carp) 25194450 30014328 36830734 38406174 30014328 22054332
Fish (Cat) 25214650 32865360 48464432 38436966 32865360 29020618



172

Table E.2. Revenue shares and natural logarithms of outputs

Revenue share Natural log of output
Output

1972-73

11'

1973-74
112

1974-75 1972-73

qj'
1973-74 1974-75

q11

Local Aus 0.053424 0.053023 0.049855 12.62975 12.76867 12.65645
HYV Aus 0.004234 0.008344 0.016012 10.09473 10.91953 11.52065
Pajam Aus 0 0 0 0 0 0
Local Aman 0.139023 0.151604 0.135902 13.41207 13.44095 13 .47963
RYV Aman 0.029573 0.040518 0.029529 11.86429 12.12141 11.95308
PajamAinan 0 0 0 0 0 0
Local Boro 0.022059 0.022115 0.020925 11.57115 11.51595 11.60864
HYV Boro 0.040437 0.051504 0.044915 12.17716 12.36134 12.37246
PajamBoro 0 0 0 0 0 0
Wheat 0.000312 0.000539 0.000374 7.568896 7.610358 7.539559
Jute 0.042639 0.031914 0.034855 11.89757 12.10172 11.80424
Sugarcane 0.007577 0.009445 0.016948 12.84333 13.01932 13.0645
Rape & mustard 0.006066 0.007108 0.007377 9.47078 9.383453 9.493261
Sesame 0.000436 0.000739 0.000674 7.185387 7.226936 7.342779
Linseed 0.000041 0.000063 0.000034 4.85203 4.905275 4.49981
Ground nut 0.004482 0.00471 0.003792 9.394743 9.433484 9 .320539
Coconut 0.000082 0.000116 0.000116 6.721426 6.774224 6.779922
Lentil 0.000698 0.001026 0.000919 8.035926 8.036573 8.040447
Chickpea 0.000328 0.000483 0.000255 7.272398 7.272398 6.754604
Black gram 0.001388 0.001486 0.00147 8.765615 8.684401 8.222554
Mung bean 0.000347 0.000299 0.000376 6.946976 6.633318 6.849066
Grasspea 0.0012 0.00223 0.001727 8.965718 9.048997 9.061724
Banana 0.005816 0.00571 0.00652 10.36958 10.37333 10.35089
Mango 0.003595 0.003535 0.00512 10.17348 10.04633 9 .987599
Pineapple 0.000093 0.000101 0.00009 6.804615 6.921658 7.029973
Jack ftuit 0.000354 0.000788 0.000752 9.127828 9.152605 9.133459
Papaya 0.00017 0.000199 0.000216 7.252054 7.234898 7.234898
Melons 0.000261 0.000292 0.000375 7.68156 7.616284 7.784889
Litchi 0.000321 0.000641 0.000505 7.111512 7.118016 7.081709
Potato 0.004772 0.006648 0.00939 10.50158 10.4631 10.7579
Sweet potato 0.007046 0.00896 0.00724 11.84247 11.76001 11.88 121
Arum 0.00018 0.000224 0.000235 7.985825 8,01235 8.01235
Okra 0.000029 0.000049 0.000054 6.013715 6.037871 6.037871
Cabbage 0.000077 0.0002 0.000231 7.71 1549 7.731053 7.908755
Cauliflower 0.000122 0.000297 0.000331 7.669495 7.718241 7.863651
Tomato 0.000252 0.000443 0.000405 8.509967 8.49801 8.641002
Radish 0.000503 0.000594 0.001 16 8.956351 8.986071 9.322508
Egg plant 0.000802 0.001501 0.001652 9.685456 9.676524 9.676524
Beans 0.000078 0.000196 0.000244 7.541683 7.536897 7.760041
Cucumber 0.000078 0.000067 0.000087 7.125283 7.138073 6.98379
Indian spinach 0.000012 0.000021 0.000023 5.645447 5.866468 5.866468
Water gourd 0.000174 0.000204 0.000167 7.892078 7.917901 8.055158
Pumpkin 0.00013 0.000335 0.000219 7.696213 8.412499 8.325548
Chilies 0.001216 0.004024 0.003918 8196712 8.234565 8.406708
Onion 0.001418 0.003773 0.003306 9.806426 9.762327 9.70802
Garlic 0.000921 0.00204 0.002791 8.649274 8.583355 8.532082
Beef 0.366554 0.357584 0.356813 12.87696 12.89845 12 .9 1946
Mutton 0.108389 0.097454 0.092471 11.18211 11.20637 11.23006
Chicken 0.105694 0.085331 0.100669 11.49988 11.49988 11.49988
Duck 0.012866 0.010387 0.012254 9.393911 9.393911 9.393911
Milk 0.010118 0.009425 0.013023 10.56759 10.58416 10.60063
Egg 0.003516 0.003215 0.003769 11.25591 11.26152 11.26152
Fish (Carp) 0.005047 0.004055 0.004281 9.544882 9.547669 9.550378
Fish (Cat) 0.005051 0.00444 0.005633 8.527144 8.529912 8.532673
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Table E.3. Average revenue shares, differences in natural logarithms of outputs and output indices

Output Averag e revenue share Ln of output difference Ou put index

1972-74
O.5(r11+r)

1973-75
0.5(r,+r.,)

1972-73
lnqf-1nq11

1973-75
lnqJ-1nq

1972-74 1973-75

Local Aus 0.053223 0.051439 0.138916 -0.11222 0.007394 -0.00577
HYV Aus 0.006289 0.012178 0.824806 0.601112 0.005188 0.00732
Pajam Aus 0 0 0 0 0 0
Local Aman 0.145314 0.143753 0.028882 0.038677 0.004197 0.00556
HYV Aman 0.035045 0.035024 0.257127 -0.16833 0.009011 -0.0059
Pajam Aman 0 0 0 0 0 0
Local Boro 0.022087 0.02152 -0.0552 0.092694 -0.00122 0.001995
HYV Boro 0.045971 0.04821 0.184185 0.011111 0.008467 0.000536
Pajam Boro 0 0 0 0 0 0
Wheat 0.000425 0.000456 0.041462 -0.0708 0.000018 -0.00003
Jute 0.037276 0.033385 0.204154 -0.29749 0.00761 -0.00993
Sugarcane 0.008511 0.013196 0.175989 0.045181 0.001498 0.000596
Rape & mustard 0.006587 0.007243 -0.08733 0.109808 -0.00058 0.000795
Sesame 0.000587 0.000706 0.041549 0.115843 0.000024 0.000082
Linseed 0.000052 0.000048 0.053245 -0.40547 0.000003 -0.00002
Ground nut 0.004596 0.004251 0.038741 -0.11294 0.000178 -0.00048
Coconut 0.000099 0.000116 0.052798 0.005698 0.000005 6.60e-07
Lentil 0.000862 0.000972 0.000647 0.003873 5.58e-07 0.000004
Chickpea 0.000405 0.000369 0 -0.51779 0 -0.00019
Black gram 0,001437 0.001478 -0.08121 -0.46185 -0.00012 -0.00068
Mung bean 0.000323 0.000338 -0.31366 0.215748 -0.0001 0.000073
Grasspea 0.001715 0.001979 0.083279 0.012727 0.000143 0.000025
Banana 0.005763 0.006115 0.003758 -0.02244 0.000022 -0.00014
Mango 0.003565 0.004327 -0.12714 -0.05873 -0.00045 -0.00025
Pineapple 0.000097 0.000095 0.117044 0.108315 0.000011 0.00001
Jack fruit 0.000571 0.00077 0.024777 -0.01915 0.000014 -0.00001
Papaya 0.000185 0.000208 -0.01716 0 -3.2e-06 0
Melons 0.000277 0.000333 -0.06528 0.168606 -0.00002 0.000056
Litchi 0.000481 0.000573 0.006504 -0.0363 1 0.000003 -0.00002
Potato 0.00571 0.008019 -0.03848 0.2948 -0.00022 0.002364
Sweet potato 0.008003 0.0081 -0.08245 0.121 196 -0.00066 0.000982
Arum 0.000202 0.00023 0.026525 0 0.000005 0
Okra 0.000039 0.000051 0.024156 0 9.35e-07 0
Cabbage 0.000139 0.000215 0.019504 0.177702 0.000003 0.000038
Cauliflower 0.00021 0.000314 0.048746 0.14541 0.00001 0.000046
Tomato 0.000347 0.000424 -0.01 196 0.142992 -4.2e-06 0.000061
Radish 0.000549 0.000877 0.02972 0.336436 0.000016 0.000295
Egg plant 0.001152 0.001577 -0.00893 0 -0.00001 0
Beans 0.000137 0.00022 -0.00479 0.223144 -6.6e-07 0.000049
Cucumber 0.000072 0.000077 0.01279 -0.15428 9.25e-07 -0.00001
Indian spinach 0.000017 0.000022 0.221021 0 0.000004 0
Water gourd 0.000189 0.000186 0.025822 0.137257 0.000005 0.000025
Pumpkin 0.000233 0.000277 0.716286 -0.08695 0,000167 -0.00002
Chilies 0.00262 0.003971 0.037853 0.172143 0.000099 0.000684
Onion 0.002595 0.003539 -0.0441 -0.05431 -0.00011 -0.00019
Garlic 0.001481 0.002415 -0.06592 -0.05127 -0.0001 -0.00012
Beef 0.362069 0.357199 0.021496 0.021007 0.007783 0.007504
Mutton 0. 102921 0.094963 0.02426 0.023685 0.002497 0.002249
Chicken 0.095513 0.093 0 0 0 0
Duck 0.011627 0.011321 0 0 0 0
Milk 0.009771 0.01 1224 0.016565 0.01647 0.000162 0.000185
Egg 0.003366 0.003492 0.005609 0 0.000019 0
Fish (Carp) 0.004551 0.004168 0.002787 0.002708 0.000013 0.000011
Fish (Cat) 0.004745 0.005037 0.002768 0.002761 0.000013 0.000014
Sum of output index 0.050989 0.007775



Nitrogen removals by different crops and by urea volatilization and leaching were computed as:

Removal by crop
where, ci is specific to crop depending on the nitrogen content of the product and byproduct of the specific crop. The ci
coefficients for nitrogen removal for rice grain is 0.024, rice straw 0.0038, wheat 0.022, potato 0.007 etc. Coefficients for
all other crops can be seen in FAO (1970) and Panda (1991).

Volatilization loss = Urea*0.45*0.15

Leaching loss Urca*0.45*0.35

Total nitrogen addition through fertilizer, manure, biological fixation and atmospheric addition as:

Fertilizer Urea*0.45

Manure = Cow dung*

Biological fixation = legume acreage*0.4048*0,055

Atmospheric addition = cropland acreage*0.4048*0.01

Removals and additions of phosphorus and potassium by crops, and additions of those through manures and fertilizers were also
computed using the same formula. The ci coefficients for P205 removal for rice is 0.0074, rice straw 0.001, wheat 0.011 etc.
These coefficients for each crops can also be found in FAO (1970) and Panda (1991).
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Table E.4. Quantity and price (Fk.Iunit) of inputs

Input Quantity Price

1972-73 1973-74 1974-75
1972-731 1973-741 1974-75

Labor (No.) 1764888 1792532 1801494 5.63 8.92 11.74
Draft Animal (Pair) 336353 344978 349521 11.26 17.84 23.48
Cultivated land (acre) 2113176 2127067 2084682 195.9309 522.3045 254.9319
Seed - Rice (t) 31983 32695 30967 2078 3264 3272
Seed-Wheat(t) 316 353 357 1608 3950 3420
Seed-Potato(t) 10825 10880 12749 1310 2812 3438
Urea (t) 41163 40963 24788 952 1361 1361
T.S.P. (t) 6410 7603 5526 816 1088 1088
M.P. (1) 1390 1038 1437 544 816 816
Irrigation (acre) 550250 567000 561100 299 321 369
Granularpesticide(t) 14.56 29.12 43.68 328 500 835
EC pesticide (t) 9.7 12.43 15.36 3280 5000 8350
Soil pesticide (t) 0 0 0 3280 5000 8350

Resource flow input
Total N rem (t) 68153.08 73204.45 65711.1
Total N add (t) 32910.53 32808.61 25470,38
N deficit (t) 35242.55 40395.84 40240.72
Urea deficit (t) 78238.46 89678.76 89334.4
Total P205 rem (t) 14004.85 15541.17 15733.88
Total P205 add (t) 6027.781 6611.254 5625.128
P205 deficit (t) 7977.064 8929.917 10108.76
T.S.P. deficit (t) 16592.29 18574.23 21026.21
Total K20 rem (t) 35186.22 38856.77 39432.41
Total K20 add (t) 761.3807 582 .875 804.275
K20 deficit (t) 34424.84 38273.89 38628.14
M.P. deficit (t) 17212.42 19136.95 19314.07
R & D cost (Fk.) 1 .13e+08 1.73e+08 2.88e+08
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Table E.5. Nominal and deflated costs (Fk.) of inputs

Input Nominal Cost Deflated Cost

1972-73 1973-74 1974-75 1972-73 1973-74j 1974-75

Labor 2.68e+09 4.32e+09 5.71e+09 4.09e+09 4.32e+09 S.42e+09
Draft animal 1.02e+09 l.66e+09 2.22e+09 1.56e+09 1.66e+09 1.33e+09
Land rent 4.14e+08 1.11e+09 5.31e+08 6.31e+08 l.11e+09 3.18e+08
Seed - Rice 66460674 l.O7e+08 1.01e+08 1.Ole+O8 1.07e+08 60673068
Seed - Wheat 508128 1394350 1220940 774585.4 1394350 731101.8
Seed - Potato 14180750 30594560 43831062 21616997 30594560 26246145
Urea 39187176 55750643 33736468 59736549 55750643 20201478
T.S.P. 5230560 8272064 6012288 7973415 8272064 3600172
M.P. 756160 847008 1172592 1152683 847008 702150.9
Irrigation l.65e+08 1.82e+08 2.07e+08 2.51e+08 1.82e+0S 1.2+08
Gran pestielde 4775.68 14560 36472.8 7280 14560 21840
EC pesticide 31816 62150 128256 48500 62150 76800
Soil pesticide 0 0 0 0 0 0
Total operational cost 4.41e+09 7.48e+09 8.85e+09 6.72e+09 7.48e+09 5.30e+09
R & D cost 1.13e+08 1.73g+08 2.88e+08 1.73e+08 1.73e+0S 1.73e+08
Urea deficit 74483015 1.22e+08 l.22e+08 48860858 1.22e+0$ 2.03e+08
T.S.P. deficit 13539311 20208758 22876519 8881788 20208758 38203787
M.P. deficit 9363557 15615748 1S760280 6142493 15615748 26319668
Total cost 6.24e+09 1.08e-l-10 l.22e+10 6.96e+09 7.81e+09 5.74e+09
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Table E.6. Cost shares for sustainability and technological change and natural logarithms of inputs

Input Co at share for SI Cost share for TCI

1972-73
511

'973-74
Sj2

1974-75 1972-73
Si'

1973-74
Si2

1974-75
53

Labor 0.580587 0.553064 0.613988 0 .608304 0.577508 0.645083
Dr. An. 0.221297 0.212878 0.238248 0.231861 0.222286 0 .2503 14
Land rent 0.089602 0.142326 0.057142 0.093879 0. 148616 0.060036
Seed - Rice 0.014383 0.013671 0.010895 0.015069 0.0 14276 0.011446
Seed - Wheat 0.00011 0.000179 0.000131 0.000115 0.000187 0.000138
Seed - Potato 0.003069 0.003919 0.004713 0.003215 0.004093 0.004951
Urea 0.008481 0.007142 0.003627 0.008885 0.007458 0.003811
T.S.P. 0.001132 0.00106 0.000646 0.001186 0.001107 0.000679
M.P. 0.000164 0.000109 0.000126 0.000171 0.000113 0.000132
Irrigation 0.035605 0.0233 17 0.022262 0.037305 0.024347 0.023389
(Iran pesticide 0.000001 0.000002 0.000004 0.000001 0.000002 0.000004
EC pesticide 0.000007 0.000008 0.000014 0.000007 0.000008 0.000014
Soil pesticide 0 0 0 0 0 0
Total op. cost share 0.954436 0.957674 0.951797

R & D cost 0.024489 0.0221 0.030976
Urea deficit 0.006937 0.015636 0.036459
TSP deficit 0.001261 0.002589 0.00686
MP deficit 0.000872 0.002001 0,004726
Total of share (Si) 1 1

Natural log of input In;' in ;2 in x'
Labor 14.3836 14.39914 14.40413
Draft Animal 12,72592 12.75124 12.76432
Cultivated land 14.5637 14.57025 14.55013
Seed - Rice 10.37296 10.39498 10.34068
Seed - Wheat 5.755742 5.866468 5.877736
Seed - Potato 9.289614 9.294682 9.453208
Urea 10.6253 10.62042 10.11811
T.S.P. 8.765615 8.936298 8.61722
M.P. 7.237059 6.945051 7.2703 13
Irrigation 13.21813 13.24811 13 .23765
Granular pesticide 2.678278 3.371425 3.77689
ECpesticide 2.272126 2.520113 2.73 1767
Soil pesticide 0 0 0
Urea deficit 11.26752 11.40399 11.400 14
T.S.P. deficit 9.716694 9.82953 9.953525
M.P. deficit 9.753387 9.859376 9.868589
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Table E.7. Average cost shares for sustainability and technological change, and differences in natural logarithms of inputs

Input Sustainability Technological change

1972-74
J

1973-75 1972-74 1973-75

Average cost share
Labor 0.566825 0.583526 0.592906 0.611295
Dr. An. 0.217087 0.225563 0.227074 0.2363
Land rent 0.115964 0.099734 0.121248 0.104326
Seed - Rice 0.014027 0.012283 0.014672 0.012861
Seed - Wheat 0.000144 0.000155 0.000151 0.000162
Seed - Potato 0.003494 0.004316 0.003654 0.004522
Urea 0.007811 0.005385 0.008172 0.005634
T.S.P. 0.001096 0.000853 0.001 146 0.000893
M.P. 0.000136 0.000117 0.000142 0.000123
Irrigation 0.029461 0.022789 0.030826 0.023868
Grari pesticide 0.000001 0.000003 0.000002 0.000003
EC pesticide 0.000007 0.000011 0,000008 0.000011
Soil pesticide 0 0 0 0
R & D cost 0.023295 0.026538
Urea deficit 0.011286 0.026048
TSP deficit 0.001925 0.004724
MI' deficit 0.001435 0.003363

Difference in natural logarithm of input

lnx-Lnx1' lnx13-1nx12
Labor 0.015542 0.004987
Draft Animal 0.025319 0.013083
Cultivated land 0.006552 -0.02013
Seed - Rice 0.022018 -0.0543
Seed-Wheat 0.110726 0.011268
Seed - Potato 0.005068 0.158527
Urea -0.00487 -0.50231
T.S.P. 0.170684 -0.31908
M.P. -0.29201 0.325262
Irrigation 0.029987 -0.01046
Granular pesticide 0.693147 0.405465
EC pesticide 0.247987 0.211654
Soil pesticide o 0
Urea deficit 0.136473 -0.00385
T.S.P. deficit 0.112837 0.123995
M.P. deficit 0.10599 0.009213
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Table E.8. Input indices for sustainability and technological change, and sustainability and technological change indices

Jnputf Sustainabiity Technological change
Description

1972-74 1973-75
l972-74J 1973-75

Labor 0.00881 0.00291 0.009215 0.003049
Dr. An. 0.005497 0.002951 0.005749 0.003092
Land rent 0.00076 -0.00201 0.000794 -0.0021
Seed - Rice 0.000309 -0.00067 0.000323 -0.0007
Seed - Wheat 0,000016 0.000002 0.000017 0.000002
Seed - Potato 0.000018 0.000684 0.000019 0.000717
Urea -0.00004 -0.0027 -0.00004 -0.00283
T.S.P. 0.000187 -0.00027 0.000196 -0.00028
M.P. -0.00004 0.000038 -0.00004 0.00004
Irrigation 0.000883 -0.00024 0.000924 -0.00025
Gran pesticide 0.000001 0.000001 0.000001 0.000001
EC pesticide 0.000002 0.000002 0.000002 0.000002
Soil pesticide 0 0 0 0
Sectoral cost 0.023295 0.026538
Urea deficit 0.00154 -0.0001
TSP deficit 0.000217 0.000586
MP deficit 0.000152 0.000031
Sum of input index 0.041608 0.027754 0.017159 0.000739

Si -0.0179057 -0.0211906
TCI ---- ------ 0.0065438 0.0058236

In antilogarjthmjc foi'm

0.9790
006 1.0058

0.9823SI
TCI




