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ABSTRACT

A SYSTEM SIMULATION APPROACH TO POLICY PLANNING AND EVALUATION

IN THE CONTEXT OF INTEGRATED RURAL DEVELOPMENT IN BANGLADESH

By

Anwarul Hoque

The combined effects of technological transfers in seed,

fertilizer and irrigation and the institutional innovation

embodied in the so called Comilla approach to integrated rural de-

velopment provide a means of transforming traditional agriculture

in Bangladesh. Increasing concerns, however, are being expressed

about its distributive effects. This study critically examines

the long run trends of agricultural transformation, issues of growth

and equity, and possible consequences and implications of policy

changes being considered in order to deal with rural problems.

The study is presented in three parts. In the first part

the conceptual basis of agricultural transformation through an inter-

mediate level organizational approach is established, and a policy

analysis framework based on systems analytic approach is proposed.

The systems approach allows for modelling of technological, be-

havioral, and institutional changes with a maximum of interaction.

Within the intermediate level organizations, policy interventions

that may be necessary for attaining multiple rural development

objectives can be pursued. Decentralized regional development
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Anwarul Hoque

planning would be helpful in this respect. The case of using the

systems simulation methodology for studying the mechanisms of rural

development is presented.

A conceptual model of agricultural transformation is dis-

played in the second section of the thesis. For five components of

this model, mathematical structures and computer simulation programs

have been developed. These five components generate long run informa-

tion about farms, production, consumption, employment and income of

the region, Components of the overall model which have yet to be

developed in mathematical and simulation form include modernization,

organization and decision making.

By disaggregating total farms into eight classes according

to landholding size and institutional membership the performances of

class participants could be separately examined. With data from

Comilla Thana the computer simulation model was operationalized and

through various tests it was validated.

In the third section of the thesis the model was used to

evaluate the impact in the year l98l of ten alternative policy mixes

of different technological and institutional ingredients. From the

tentative results it has been observed that despite projected in-

creases in aggregate regional production, income and employment under

the policy presently pursued, these variables will decline during

eight year run period in per capita terms. Population increase will

outpace the slow agricultural growth projected in the policy. A

combined policy package with better seed, irrigation, training,

extension, organization and population control will increase total
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Anwarul Hoque

and per capita performances substantially. Such a production-oriented

policy will also widen income disparities among classes of the rural

populations. If there is to be growth without a widening of these

disparities, government policies such as land reform, taxation, employ-

ment creation, and migration need to be adopted. In terms of effects

on income distribution, taxation and employment policies can be as

effective as land reform.

Considering the complexities of interactions and the trade-

off among objectives in integrated rural development, it is suggested

that systems simulation is a useful approach both for national policy

determination and for regional development planning. Region specific

studies can be made by feeding pertinent local data into the model.

The approach is flexible to form and availability of data, but for

some micro-data small scale survey may be needed. The general

application characteristics inherent in the model allows its use for

any region within the country. With this approach implementation and

monitoring of rural development plans are made at regional levels,

whose aggregation leads to obtain national evaluation.
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PART A: FORMULATION OF THE STUDY



CHAPTER I

THE BACKGROUND AND PROBLEM SETTING

With a view to increasing agricultural production and de-

creasing rural poverty in Bangladesh, vigorous attempts are being

made to transform and modernize her traditional agriculture. These

efforts have been encouraged by technological transfers in seed,

fertilizer and irrigation and by the advent of an institutional

1 Tech-framework called the Integrated Rural Development System.

nological breakthroughs in combination with this institutional

innovation have provided an effective means of bringing about a change

in the traditional subsistence agriculture of the country. There is

now a basis for hoping that food production, which has fallen

chronically short of demand, can be increased substantially.

In order to achieve self-sufficiency in food, various plans

and policies have been undertaken to introduce and spread innovations

among farmers. But even before these programs could be launched

effectively, a spectre of gloom engulfed the country as a result of

political upheavals, economic frustrations and natural vagaries.

 

1The term "Integrated Rural Development System (IRDS)" as used in this

study does not denote the same thing as the "Integrated Rural Develop-

ment Program (IRDP)". The IRDS is an institutional model for rural

development while the IRDP refers to the government program whose

parpose is to replicate the institutional model contained in the

DS.
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These problems, nevertheless, emphasized the need to evolve effective

policies and programs to bring the economy back to vitality.

While agricultural transformation through technological and

institutional innovation has been pursued, it has given rise to a new

kind of concern among development workers and policy planners. The

concern relates to the structural changes resulting from the agricultural

transformation and specifically to those production, employment and

income distribution aspects of agriculture which form a nucleus of

objectives in the milieu of rural development.2 It has been argued

that although new technologies and institutional innovations are bring-

ing about changes in the agricultural sector that were needed to in-

crease production and employment, these same changes are introducing

concomitant problems of income and resource maldistribution (Bose,

1974; Wood and Huq, 1975). Though such structural change effects are

not altogether unexpected (Wharton, 1969; Falcon, 1970; Griffin,

1972), nor even different from the findings obtained from other

countries (Frankel, I971; Gostch, 1971), their significance in the

present socio-economic and political climate of Bangladesh is

obviously profound. It has, therefore, become necessary to search for

alternative policies that would alleviate problems arising from such

structural effects without, however, diminishing the growth and trans-

formation that are essential for agricultural development.

 

2This was the main theme of various papers presented in the Inter-

national Seminar on "Socio-Economic Implications of Introducing

HYV in Bangladesh" held in Comilla, Bangladesh in April I975. For

details see Wood and Huq, I975.



This study attempts to analyze possible implications of some

alternative policies that are or could be considered in dealing with

problems of the rural sector in Bangladesh. A conceptual systems

simulation model has been developed. The model can help evaluate

dynamic effects of rural development policies. The model also con-

tributes to understanding of the mechanisms of agricultural trans-

formation embodied in the Integrated Rural Development System. This

study, therefore, aims at examining the extent to which policy

strategies will lead to (i) simultaneously realizing multiple objec-

tives of rural development; (ii) enhancing the process of transforma-

tion in traditional agriculture, and (iii) setting the stage for

development interactions in the subsistence rural sector, under the

framework of the Integrated Rural Development System.

Characteristics of Bangladesh Agriculture

Bangladesh, a land of 55,125 square miles and 72 million

population, is predominantly an agricultural country. Its vast

deltaic topography, alluvial soil structure and tropical monsoon

climate all favor agricultural crop production. In fact, the

agricultural sector accounts for 60% of the country's G.N.P. and 80%

of all exports. Practically all of her 22.5 million acres of

cultivable land is under cultivation with a cropping intensity of

1.4 (608, I972). Ninety three percent of the cropped area is used

for growing food crops, rice alone accounting for 75%. Only 6% of

the cropped area is utilized for growing jute, which serves as the

main cash crop to farmers and as the major exportable commodity that

earns 80% of the country's total foreign exchange. In spite of the



intense use of land for growing food crops the country is short of

food. While the demand for food grain is increasing at the rate of

3.6% per year due to the population growth rate of 3.0% per year,

the production of food grain is increasing at a rate of 2.9% per year,

thereby leaving a gap that has to be met through increased food im-

ports (Islam, 1973). Every year the country has to import food grains

in excess of 1.5 million metric tons, which causes a heavy strain on

the foreign exchange reserves.

With virtually no cultivable waste land available in this

land-locked country, the plausible means open to increase food pro-

duction are increasing cropping intensity and increasing yield. Rice

is grown in three seasons a year. The Aus (mid-March to mid-July)

crop is predominantly rainfed and accounts for 32 percent of rice

acreage and 25 percent of rice production. The Amon (mid-July to mid-

November) crop is also a predominantly rainfed and accounts for 60%

of rice acreage and production. The Boro (mid-November to mid-March)

crop accounts for 8 percent of rice acreage and 15 percent of produc-

tion. Since it is a dry season crop, Boro rice must be irrigated.

In terms of weather, this is the best season not only for rice but

also for growing vegetables and spices. While rainfed Aus and Amon

is completely at the mercy of nature - constantly threatened by

either drought or flood- Boro is a less risky crop. Despite such

possibilities, land remains fallow in the Boro season, mainly due

to the lack of adequate irrigation facilities.

On the other hand, the traditional technology which was

pursued for so long had reached a state of stagnation. The yield



rates of local rice strains have stabilized for a long time around

an average of 12 mds/acre. Such a yield rate is considered low com-

pared to that of other countries (Japan, for example, grows three

times as much rice per acre as Bangladesh). The limited production

potential of traditional local rice varieties for increased produc-

tion was apparent in their low response to chemical fertilizers.

In addition to the land and yield constraints, Bangladesh

agriculture faces a variety of natural constraints. Bangladesh has

a tropical monsoon climate with high rainfall, humidity and temper-

ature. The crops grown in the country are heavily oriented towards

the monsoon and are therefore susceptible to its failure. Although

the country has over 80 inches of average annual rainfall, its con-

siderable seasonal and regional variations create further problems.

Eighty percent of the annual rainfall comes between May and September

of the monsoon season, causing problems of excess water. Only 5 per-

cent occurs during November through March, providing too little water

for cultivation. As a result of this rainfall pattern, 30 percent

of the total cultivated area is flooded during the monsoon season to

depths of three feet and more; 15 percent of the area is flooded to

depths of more than six feet and cannot sustain monsoon crops. During

the dry season the average rainfall is only 5 to 9 inches, which is

insufficient to sustain the growth of crops. Because of regional

variation in rainfall, the northeast and southeast parts of the

country receive over 200 inches of rainfall per year, while the north-

west and southwest get only about 50 inches. These latter regions

experience a drought which is especially severe in the dry season.



Furthermore, yearly weather fluctuations in Bangladesh sometimes

cause extreme Conditions of drought and flood. It is estimated that

flood affects an average of 5.9 million acres. In several years

during the last decade more than ten million acres, or 50 percent

of the land, was flooded. The extent of uncertainty and risk asso-

ciated with this problem is obvious.

More restrictive, however, are the socio-economic and in-

stitutional constraints in the rural sector. The rural economy

dominates the national economy overwhelmingly. Ninety-five percent

of the population lives in about 64,000 villages in 413 geographical

units called Thanas. Eighty percent of the country's total labor

force of 27 million is directly involved in agriculture. The rural

population of seven million farm families have average land holdings

of three acres per family, with a land-man ratio of about 0.5 acres.

They derive their income and livelihood from agriculture.3 The rural

income, however, is very low - about $75 per family per year. With

such small farm and low production the farm population lives in

economic distress and subsists in misery and malnutrition.

While land assumes a vital role in this subsistence rural

economy, the land ownership pattern is more skewed than the average

 

3A crude estimate of the rural income directly attributable to

agriculture is about 70 percent (Bose, 1968). However, if all rural

activities which have either direct or indirect links to agriculture

are considered, the proportion would be much greater, possibly almost

tota .



land holding suggests. In 1967-68 as many as 25 percent of the

families were landless and/or near landless.4 Fifty-seven percent

of all farms have land holding of less than two and a half acres for

a total of 21 percent of the land, while 83% of the farms are less

than five acres and own 51 percent of the land (Table 1.1). The

remaining 39 percent of the land is owned by 13 percent of the

farmers who own more than five acres. In the Bangladesh situations,

this group is known as the large farmers; they either operate their

land themselves, employing laborers, or lease out to others on a

sharecropping or rent basis. Sixty-six percent of the farmers

cultivate 83% of the total land on their own, while only 4% are pure

tenants and the remainder are owner-cum-tenant farmers (Table 1.2).

Therefore, the majority of the land is in the hands of owner farmers

while about 17% of the land is under tenancy or sharecropping.

Landlordism was abolished soon after the partition of.India;

land was redistributed to the tenants in 1952. The land holding order

of 1972 further restricted individual holdings to 33.3 acres, a

ceiling which affects 3% of all land and 25,000 farmers. Moreover,

farms continue to be divided under the Muslim Law of Inheritance,

which dictates that land should be distributed among a farmer's

children. As a result, the land is highly fragmented - 63% of all land

is divided into parcels of 0.5 acres or less. From 1960 to 1970

economic pressure and the law of inheritance combined to reduce the

average farm size from 3.5 to 2.6 acres; cropped area per person

 

4According to some estimates this figure has increased since in-

dependence to as much as 40% (USAID, I974).



Table 1.1: Percentage distribution of farms and farm area according

to size of farm in Bangladesh 1960, 1968.

 

  

 

 

Size of Farms Percentage of farmsa Percentage of farm area a

(in acres) 1960 71968 1960 1968

less than 2.5 51 (51) 57 (57) l6 (16) 21 (21)

2.5 to under 5 26 (77) 26 (83) 26 (42) 30 (51)

5 to under 7.5 12 (89) 9 (92) I9 (61) 18 (69)

7.5 and above llg(lOO) 8 (100) 39 (100) 31 (100)

Average Farm

Size 3.5 acres 3.2 acres
 

aCumulative percentages are given in the parenthesis.

Source: Census of Agriculture 1960, Master Survey of Agriculture

1967-68, M.S.A. Report No. 9.
 

Table I.2: Percentage distribution of farms and farm area according

to tenure type in Bangladesh, 1960, 1968.

 

 

 

 

Type of Percentage of Percentage of

Tenure farmsa farm area

1960 1968 1960 1968

Owner- Owner-

operated 61 (61) 66 (66) operated 82 83

Owner-cum- Under tenancy

tenants 37 (98) 30 (96) and/or share-

cropping 18 17
 

aCumulative percentages are given in the parenthesis.

Source: Census of Agriculture 1960, Master Survey of Agriculture

1967-68, M.S.A. Report No. 9.



declined in the same decade from 0.575 acres to 0.468 (USAID, 1974).

Although no agricultural census has been taken in the 1970's, it is

suspected that the number of landless farmers is increasing, and that

a concentration of land in the hands of the large farmers is accelerat-

ing.

Although agriculture shelters 80% of the total labor force,

it provides employment of only 13 million man years to the agricultural

labor force of 22 million. The rural unemployment rate runs at 35%,

and soars even higher in the lean agricultural seasons. Since the

scope of non—farm employment is limited, the agricultural sector has

to bear the burden of providing jobs. With the three percent popula-

tion growth rate, it is estimated that 0.8 million people will be

added to the labor force every year. Even if non-agricultural employ-

ment expands at a rate of five percent per year, it would absorb only

0.3 million, leaving the remaining 0.5 million to be absorbed in the

agricultural sector (Bose, 1974). For the next several decades, at

least, until the industrial sector develops adequately to absorb the

surplus, agriculture must provide productive employment opportunities

to the population.

Present Strategy of Agricultural Development

Despite these constraints, there exists a possibility that

agricultural production can be increased in Bangladesh. In view of

factors such as soil, climate, and topography, experts believe that

per acre yield can be increased many fold under certain conditions of

input use and cultural practices. Similarly, the cropping intensity

can be increased from the present 1.4 to at least 2.5 through multiple



I0

cropping. An even greater possibility for increasing production

could result from bringing currently fallow land under cultivation,

and from protecting cultivated land through the provision of land

development infrastructure, e.g. flood control and irrigation. The

present strategy of agricultural development in Bangladesh is pur-

suing these possibilities.

With the objective of initiating a rapid transformation

favorable to an increase of production in the agricultural sector, a

multiprong attack is being made. On the technology side, heavy

emphasis is being given to the expansion of a seed-fertilizer-irriga-

tion combination which has very good prospects of increasing food

production in the country. The high yielding rice variety IR-8

brought from IRRI at Los Banos was first introduced in the 1966 Boro

Season. IR-8 demonstrated two to three times higher per acre yield

than the local rice variety. This encouraged the farmers to grow high

yielding varieties (HYV) not only in the Boro season, which best

suits its characteristics, but also in the Aus and Amon Seasons,

‘respectively. As a result, the land under HYV's increased to 2.5

million acres in 1974, with 1.3 million acres in the Boro Season

alone. As HYV depend heavily upon water control, fertilization, pest

control and cultural practices, a sharp increase in demand for

modern inputs resulted. By 1974, 1.4 million acres were brought under

irrigation through the use of 33,000 low lift pumps, 3,000 deep and

shallow tube wells, and several large scale irrigation projects.

5
The HYV seed distribution increased from 11,000 mds. in 1969/70 to

 

5Md . is the standard abbreviation for maunds, a South Asian unit of

measure equalling 82.5 pounds.
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443,000 mds. in 1972/73. Fertilizer consumption increased at the

rate of 12.1 percent annually from 102,000 tons in 1964/65 to

375,000 tons in 1972/73 while pesticide consumption showed a similar

trend. As a result rice production in the country increased from

9.7 million tons in 1964/65 to 11.8 million tons in 1969/70 (G08,

1973).

To sustain this trend, the government initiated several

institutional policies. Necessary inputs are supplied through dif-

ferent government agencies and departments, constituted primarily

for this purpose. Government policies were implemented including

subsidization of input prices, fixing of minimum output prices and

the establishment of a broad based rural institutional structure.

Until recently, irrigation was being subsidized at 95 percent,

fertilizer at 55 percent and pesticide at 100 percent.6 Every year

a new minimum floor price and procurement policy is declared. The

First Five-Year Plan (1973-78) allocated7 ten billion in the

agricultural sector. The plan projects that by 1978, 4.13 million

more acres will be brought under irrigation, and fertilizer consump-

tion will increase to 857,000 tons per year (608, 1973). The plan

assumes that rice production will increase to 15.1 million tons from

11.2 million tons in the year (1972/73), mainly through the replace-

ment of local varieties with HYV's.

 

6The extent of subsidies is now being gradually decreased.

7The Taka (or Tk.) is the unit of currency in Bangladesh. $1 = 13.60

Tk. (approximately).
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To motivate and organize farmers for the diffusion of these

policies, a streamlined version of the Comilla institutional frame-

work has been devised. The Integrated Rural Development Program

(IRDP), as it has been named, is entrusted with the task of organizing

farmers in a cooperative organization within every thana by 1978. By

1974 the IRDP covered 40% of the thanas (152 out of 413, Khan, 1974).

In non-IRDP thanas a temporary arrangement has been made through the

Thana Irrigation Programs (TIP) which is charged with spreading the

transformation until the IRDP takes over. Although most of the dis-

tribution of inputs, including institutional credit, is made through

the IRDP cooperative organization, non-members are not restricted

from obtaining the required inputs. In fact, the seed-fertilizer-

irrigation combination has created enough enthusiasm among all classes

of farmers so as to generate a widespread agricultural transformation.

Problems of Income Distribution and Emplgyment

The present approach to rural development puts great emphasis

upon increasing agricultural production, especially of rice, in order

to increase the food supply and ameliorate conditions of poverty. So

far as the production of rice is concerned, indicators show an in-

creasing trend. Nonetheless, development workers are presently ex-

pressing serious concern about income distribution and employment

effects of the present approach (Wood and Huq, 1975). It is argued

that while new technology is helping to increase production, it is

also aggravating income disparities among farmers. The shift in the

production function effected by land augmenting inputs such as seed,
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fertilizer and irrigation increases returns to land due to a non-

marginal change in yield. Since the distribution of landholding is

uneven, the larger land holders can multiply the return from new

technology more than can the smaller land holders who face severe

constraints. Thus, the new technology is biased not only towards the

land owners, but also towards the larger landholders who have the

capacity to multiply income by bringing more land under the new

methods of cultivation. While no study has yet established the dif-

ferences in total farm income among the classes of farmers adopting

the new technology, it has been observed that.the new technology pays

higher income to adopters, and that large landholders do bring a

slightly higher amount of land under the technology than do the small

farmers (Bari, 1975; Alam, 1975).

Moreover, the large farmers are believed to be making greater

use of the institutional support structure. The inputs necessary for

expansion of the new technology are being provided by the government 1

under heavy subsidy, mainly to help small farmers. However, the

larger farmers possibly acquire greater shares of such scarce modern

inputs at subsidized prices which increase their margin of profit

(Alam, 1975). Even the cooperative institutional structure that pre-

sumably is meant for the small farmers has fallen prey to the large

farmers, who have taken over key positions so as to manipulate

decisions to their favor (Mannan, 1972; Ahmed, 8., 1972). The large

farmers have taken control of the cooperative institutions so as to

receive more of the subsidized inputs and cooperative services, and

as a result they have brought larger proportions of their land under
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the new technology. Therefore, the very cooperative institutions

which were supposed to be biased in favor of the small farmers are

in actuality biased in favor of the large farmers.

As a consequence of these trends, the income gap between the

small and large farmers is widening at a rate which is probably

faster than before. The liquid capital obtained from the high non-

marginal pay off of the HYV's is accumulating in the hands of large

farmers. Since no investment outlet is to be found in the rural areas

for this liquid capital, it is causing an inflationary trend in land

values (Bari, 1975; Townsend, 1975) as well as in factor and product

prices. The resulting economic pressure upon small farmers is causing

a decrease in their landholding size through disinvestment, thereby

pushing them further towards landlessness. The large farmers are buy-

ing up land, since their present solvency permits them to do so, and

their numbers are increasing. As a result, ownership of land is

concentrating in the hands of a class of solvent farmers, while an-

other class of insolvent farmers are reducing their landholding.

For the land constrained small farmers, including the land-

less and near landless, share cropping and land lease are among the

traditional means of bettering their income. In Bangladesh 18 percent

of the land is share cropped or rented by 28 percent of the farmers

(Zaman, 1973; 608, 1972). Sharecroppers provide all inputs necessary

for production except the land. They usually receive a 50 percent

share of the output, but this provides a poor return to their labor

after other costs of production are defrayed. Yet, as farming

becomes profitable, the land owners who previously used to hire out
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land are now cultivating it themselves and thereby cutting down the

opportunities for sharecropping of renting land.

On the other’hand, the 30 percent of the farmers who are land-

less and near landless are not being directly benefitted by the pre-

sent approach. As they do not possess any land, neither technological

inputs not institutional facilities are generally extended to them.

They try to derive their income in the agriculture sector from farming

other people's land of by finding employment as agricultural laborers.

It has been observed that the new technology increased labor require-

ments by 50 percent, and that as much as 70 percent of the total labor

for winter HYV crop cultivation is hired (Hoque, 1968, 1970). The

potentiality of increasing seasonal agricultural labor employment does

exist (Inukai, n.d.). Nevertheless, a shift now is taking place to-

wards reducing hired labor use because of a trend to use more family

labor and to use labor decreasing small mechanical implements

(Obaidullah, 1975). The net result, therefore, is probably to de-

crease underemployment rather than to decrease unemployment. Unemploy-

ment shows a rising trend due to population growth and a lack of

opportunities for the absorbtion of surplus rural labor in the infant

industrial sector.

Policy Issues
 

On the whole, the concerns described above impose a pessi-

mistic evaluation of the trend of the agricultural transformation in

Bangladesh. If, indeed, income disparity and unemployment are in-

creasing, in part as a result of the transition to new agricultural
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technologies, then the results are in conflict with the stated

objectives. The forces set loose by the transformation of agri-

culture must be studied and, if possible, controlled.

In contrast to the general tendency toward branding techno-

logical change as responsible for such effects, it is our view that

the existing agricultural structure and institutions are inadequate

to cope with the stress of the transformation process. However, any

renovation of the structure of any institutional redirection has to

come about through policy changes both at national and local levels.

Notwithstanding this need, it is difficult to choose a policy_that

would simultaneously help to increase agricultural production and

decrease income disparity and unemployment among the economic strata.

Indeed, any attempt to pursue multi-objective rural development

effectively is problematic inasmuch as there are trade-offs among

performance criteria. As a result of such trade-offs, a policy

emphasis on one criterion usually depresses performance as measured

by another.

For Bangladesh a simultaneous stress on all development per-

formance criteria may seem crucially important. Yet it is difficult

to devise a multi-objective policy strategy. Furthermore, no serious

attempt has been made to evaluate the long-run effects of proposed

alternative policies upon different performance criteria.

Over the years, development thinkers have suggested various

policy changes for Bangladesh. Among the policy changes that are

thought to be most relevant for the country are (i) land reform;

(ii) desubsidization of input prices; (iii) cooperativization;
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(iv) imposition of development tax; (v) development of new seed

varieties; and (vi) population control.

Most vociferous have been those who argued in favour of land

reform to reduce the largest land holdings from the present ceiling

of 33.3 acres to a substantially smaller holding limit of 7.5 or even

5 acres (Abdullah, 1973; Zaman, 1975). It has been strongly argued

that land reform and redistribution would, in fact, lead to higher

output and employment, contrary to the belief that it would do other-

wise. Another strong argument has been made in favor of lifting the

present subsidies from inputs (IBRD, 1975). This will not only re-

duce the margin of profit and cut the income of large farmers who

generally have marketable surpluses, but will also make farming

competitive and will optimize the use of resources. The small

farmers for whom subsidies are provided would, however, benefit more

from the institutional structure if the efficiency of input distribu-

tion were improved. A likely policy direction would be to spread

institutional membership to all farmers and to channel inputs through

the cooperative organization without, however, imposing land

collectivisation. Another policy suggestion that has resurfaced in

recent years is that of imposing some kind of tax (Lewis, 1974;

Stevens, 1975; Biggs, 1975). It is argued that this policy is suit-

able for effecting adjustments in the disposable income of various

classes of farmers, it could have the additional advantage of pro-

moting the reinvestment of surplus agricultural income in the rural

development sector. At present such a tax does not exist because

existing agricultural land tax does not serve this purpose as the
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landholding floor for imposing the tax has been fixed at too high a

level to be effective. The policy would, of course, benefit the

national exchequer as in Japan or China, and would be a useful macro-

economic tool for combating inflation.

A study of the implications of these policies is necessary

for several reasons. First, how would they affect food production as

well as other performance criteria? In other words, would they lead

to the simultaneous achievement of the multiple goals of attaining

acceptable levels of production, income distribution, consumption and

employment? Second, how would they work within the institutionaT

framework of the Integrated Rural Development System (IRDS)? This is

crucial because under the First Five-Year Plan the IRDP is going to

cover the whole country, and if the policies are not compatible with

th system, then neither the policies nor the IRDP would be effective.

A prior analysis of this issue would permit modification of IRDP

according to its perceived strengths or weaknesses before it is

spread throughout Bangladesh. Third, would the policies strengthen

or weaken the motivation toward development, or unleash forces which

would influence development? Fourth, it is the long-term effects

that are important in policy analyses of rural development. Even

though the effects may not be impressive in the short run, they may

initiate a recursive growth generating process which can only be

grasped through long run analyses.

Objective of the Study

The main purpose of this study is to examine the economic

implications of alternative rural development policies which are
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under consideration in Bangladesh. With this view in mind we have

set our objectives for the study as:

(l) The development of a conceptual and analytical frame- V/

work that can provide a means of exploring alternative

policies, and mixes of policies, in terms of their

impacts on performances with respect to rural develop-

ment performance objectives.

(2) The development of simulation components that will: L/

(a) have a limited usefulness in their own right in

exploring consequences of alternative policies,

and,

(b) fit into the overall conceptual framework of (1)

above and constitute a contribution toward the

largest model needed to meaningfully address these

(3) To test the efficacy of system simulation in rural

development evaluation and policy planning.

It is tempting to set higher objectives for this study but to do so

would not be realistic in light of the time and manpower available

at this juncture. The possibility exists for an extended commitment

of time and manpower if the results of this study indicate that it

would be appropriate to do so.

This initial study will stress micro-level policy effects in

a region covering a segment of the agricultural sector, so it is not

intended to analyze policy effects on the total economy or on the

country as a whole. Also, the study is not directed at finding or

devising definite policies to solve the stated problems, or even at
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making policy recommendations, except insofar as is implied by the

results of exploring the consequences of alternative policies.

Overview of the Study
 

In the remaining chapters of Part A the formulation of the

study is further pursued. In Chapter II the basic tenets of the new

institutional system for integrated rural development in the country

are sketched. Chapter III presents the conceptual basis of the

analytical framework developed in this study for integrated rural

development policy planning and evaluation. ’

Part 8 presents the systems simulation model in detail. In

Chapter IV the mathematical structures of the model components are

explained while in Chapter V validation of the model is discussed

through an analysis of the results of consistency and sensitivity

tests.

Part C presents applications of the model in conducting policy

experiments. In Chapter V consequences of several alternative policies

are explored and their implications are examined. Finally Chapter VI

contains a summary and the conclusions of the study as well as an

outline of areas for future research and for data refinement.



CHAPTER II

THE RURAL DEVELOPMENT APPROACH IN BANGLADESH

In this chapter the emergence of a new system of cooperative

institutions in Bangladesh is briefly sketched. This chapter should

not be construed as a complete history of rural development

initiatives in Bangladesh. Our purpose rather, is to familiarize

the reader with long term trends and with the present setting of

rural development organizations. The overall nature and basic tenets

of these organizations are set forth in this chapter.

Past Rural Develgpment Efforts

Bangladesh has a long, often frustrating history of institu-

I Since the British Colonialtion building for rural development.

period numerous government and private attempts have been made to

solve rural problems. Except for a few, most of these were regional,

occasional, and individual efforts; they did not usually last long

enough to become institutionalized as rural development systems with

form, purpose and effectiveness. Prominent among these initiatives

were two government organized programs in the first half of this

century - the cooperatives and the Rural Reconstruction Program.

 

1For a detailed account of the historical trend see speeches of Akhter

Hameed Khan: Rural Development in East Pakistan (spring 1965) and

Community and Agricu1tural Development in Pakistan (Spring 1969),

Occasional Paper Series, Asian Studies Center, Michigan State Univer-

sity, East Lansing, Michigan.

21
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The cooperative movement, which was inspired by the German

and Danish system of cooperation, started in 1904 and has continued

since. It was at first embraced enthusiastically both by public

officials and by the peasantry. During the first several decades of

the movement these cooperatives spread steadily. But gradually the

cooperatives became aloof and relatively uninvolved in the main-

stream of rural development. Lacking support and direction, they

degenerated into lifeless, stagnant organizations. After the second

World War the cooperative societies existed only in name; functionally,

they were almost dead.

The Rural Reconstruction Program was initiated in the 1930's

to help solve problems of villages and improve their condition. It

failed to achieve its purpose and finally was abolished around 1944.

After the partition of India, the Zamindari (landlordism)

system was abolished. Ever since the Permanent Settlement Act of

1790, the Zamindars had collected taxes on behalf of the government

in British-ruled Bengal. In addition to their tax collecting powers,

the Zamindars had status very similar to that of landlords in re-

lationship to the tenant-peasants and responsibilities to caretake

local institutions. The Zamindari system was responsible to a large

degree for the deterioration of rural conditions in Bengal prior to

the establishment of East Pakistan. It should be recognized, never-

theless, that they had comprised one of the very few links between

the colonial government and the villages. After the Zamindari was

abolished, the only vestige of a broad based rural development, how-

ever meagre it might be, was gone.
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In the 1950's an agricultural extension program was launched

by the East Pakistan government with a view to diffusing informa-

tion and training farmers through extension agents. The program was

handicapped by the shortage of well trained agents, the lack of useful

agricultural information, and the inadequacy of input supplies.

Interest soon shifted to another program called V-AID,

(Village Agricultural and Industrial Development), launched in 1953

which followed a community development approach. Under this program,

Village Level Workers (VLW) were sent to the villages to serve as

extension agents and teachers; VLW's were to be the link between the

villages and the bureaucratic organizations at the district level that

provided inputs and information. The objective of V-AID was to

improve the condition of village life by changing the traditional

outlook, not only in agriculture but in the whole sphere of rural

activities. This was a more intensive approach but faced problems

similar to those of the extension program. In spite of a decade's

trial the V-AID program hardly made a dent in transforming village

conditions. In addition V-AID became tangled in a myriad of co-

ordination and internal problems. So in 1961 the V-AID program was

abandoned.

During the same period an attempt was made to reinstitu-

tionalize the cooperative movement by creating 4,000 Union Multi-

purpose Cooperative Societies whose primary function was the dis-

bursement of agricultural credit. In the absence of supporting pro-

grams, strict enforcement of repayments, or the replenishment of

loan funds, the multipurpose cooperative Societies decayed into dry
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organizations. They experienced the same uneventful history as the

earlier cooperative movement.

In the 1960's the flicker of rural development activities in-

cluded some other programs. The Basic Democracy System, which had

been founded to revitalize rural administration, was given some de-

velopmental tasks. Primary among these was the job of laying down

a physical infrastructure of roads, drains, embankments and canals.

It was expected that government production campaigns and depart-

mental nation-building activities would be supported by this infra-

structure. The political features of basic democracy overshadowed

its development functions, however, the system expired after a decade.

In the 1960's a pilot program was initiated in the Mymensingh

area involving the Union and the Thana level officials of the basic

democracy councils; these officials coordinated rural development

functions in their jurisdictions. While the initial performance of

the Mymensingh pilot program was noteworthy,2 the coordination prob-

lem was as insurmountable as the lack of an enthusiastic demand from

the farmers for a rural transformation. Eventually the pilot program

in Mymensingh terminated along with the Basic Democracy system on

which it had heavily depended. Another pilot program started in that

period was located in Comilla Thana; its objective was to evolve a

viable rural development system following cooperative principles.3

 

2The Mymensingh program was initiated by Ben Ferguson, a USAID official.

3The Comilla program was led by Akhtor Hameed Khan under the auspices

of the Academy for Rural Development, Comilla.
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The Comilla Approach

The overwhelming nature of rural problems and the failures of

past programs to deal with them resulted in the emergence of two‘

Rural Development Academies in 1959.4 Although the initial charge to

the academies was to engage in training and research on aspects of

rural development, the Academy at Comilla embarked, in addition, upon

a program of experimentation in the field with some synthesised pro-

grammatic ideas, derived mainly from the lessons of past failures in

the V-AID program, the cooperative movement and the like. The Comilla

approach focused on the grass roots aspects of rural problems, and

attempted an all out integrated attack upon them orchastrated by the

farmers' initiative and the government agencies' drive for develop-

ment. The basic objectives were not only to develoiithe particular

region of Comilla, but also to evolve a viable replicable model of a

rural development system which could catalyze a socio-economic and

agricultural transformation among the large mass of small subsistence

farmers. The system which emerged from these experiments is known as

the Comilla approach; it is the backbone of the present rural develop-

ment program in Bangladesh.

The Comilla pilot program was started in 1960 in a geograph-

ical unit called a Thana. The Comilla Thana has an area of 107 square

miles, in which are to be found 246 villages and 29,000 farm families;

it is one of the 413 Thanas of the country. In terms of basic

 

4The Academies were established, one in each wing, of what was then

Pakistan. For a history of their development see Raper., 1970.
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characteristics, conditions in Comilla Thana in 1960 were harsher

than the national average. It was one of the most densely populated

areas in East Pakistan, having 2,031 persons per square mile, an

average farm size of 1.7 acres (as against the national average of

3.5 acres), and less than five percent of its farms larger than five

acres. Basically a rice growing area, the Thana used to grow two

crops, Aus and Amon, which never gave good returns because of constant

flooding caused by the Thana's basin-like formation and low elevation.

Cultivation in the Boro (dry) season was negligible due to the non-

availability of surface water. The soil type was not suited to growing

crops other than rice. As a result subsistence was difficult, the

per capita income was low, around $50 against which per capita in-

debtedness was about $20.

During the nineteen sixties the experimental area of

Comilla Thana showed a trend of agricultural transformation. By 1971,

36 percent of the Comilla farmers holding 51 percent of the land had

joined in 328 Village Cooperative Societies that covered 65 percent

of the villages of the Thana (Obaidullah, 1973). 15,700 acres, or 40

percent of the cultivated land of the Thana, was brought under Boro

(dry season) cultivation through irrigation by 288 low lift pumps and

tubewells. Ninety-nine percent of the irrigated area is used to grow

HYV,which increased the per acre yield rate by more than 100 percent

(Karim, 1974a). The cropping pattern changed towards emphasizing HYV

rice cultivation under irrigation and as a result the production of

Boro paddy increased from 60,000 mounds in 1965-66 (the time when new

seed was introduced) to 600,000 mounds in 1970. HYV seeds for the
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Aus and Amon rice crops were introduced as they became available,

but their acceptance was not spectacular. The combined effect of

changes in the practices of cultivation during the Boro, Aus, and

Amon seasons increased the total annual paddy production from 1.2

million mounds in 1965-66 to 2.0 million mounds in 1972, thereby

turning this rice deficit area into one of surplus (Obaidullah, 1975).

Per capita farm income showed a 172 percent increase between 1963-64

and 1969-70 (Rahim, 1972).

This achievement would not have come about through the intro-

duction of new technology alone; it derived from the broad-based in-

stitutional support inherent in the Comilla approach. The compre-

hensive Comilla approach to rural development has many facets,5 for

our purposes we have indicated below some of the important basic

tenets of the Comilla approach (Hoque, 1974).

(i) Level of Jurisdiction

The chosen unit of rural development administration is the

Thana, instead of the district (which is too large) or the village

(which is too small). Selection of Thana as center of development

activities reduced proximity problems of farmers and development

officials alike. Within a Thana, activities can be concentrated for

intensive area development, creating an approximation of a closed

system within the jurisdiction.

 

5The Comilla approach is well documented in many publications. For

details of its various facets see Annual reports (1961-74) published

by the Academy for Rural Development, Comilla; Raper, 1970; Stevens,

1972, 1974.
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(ii) Local and Intermediate Level Organization
 

The creation of Village Cooperative Societies (VCS) at the

local level, and a Thana Central Cooperative Association (TCCA) at

the intermediate level established an effective organizational structure

for agricultural transformation. Around the multitiered cooperative

institution both the farmers and the development agency workers were

'organized. The realization of their respective objectives was

facilitated by the linkages established within the cooperatives. Small

subsistence farmers grouped together in the VCS to receive information,

training, supplies and support services needed for effecting an

agricultural transformation. The TCCA served as the federation of

VCS's. It supported their activities by extending various supplies

and services, and become a fountainhead for the diffusion of social

and agricultural innovations leading to a planned change in the area.

The Comilla organizational framework, rooted in the villages and self-

supporting, waSiamajor breakthrough in resolving the institutional

problem associated with agricultural development (Stevens, 1974;

Uphoff and Esman. 1974).

(iii) Ancilliary Linkages

While the cooperative institutional structure organized the

farmers around itself, it did not possess enough resources, ex-

Pertise and supplies to induce a transformation. The necessary

additional inputs were derived from the Thana level representatives

0f government agencies such as the agriculture department, the

animal husbandry department, the health department, and so forth.
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Typically, the department hierarchies had extended down to the Thana

level, but their effectiveness had been impaired by the lack of man-

power to reach the grass roots. Nor was there any coordination to

unify the effects of individual departmental activities. The Comilla

approach included an organizational device for bringing the depart-

mental representatives into close proximity, and into contact with

the cooperative institution. The device was known as the Thana

Training and Development Center (TTDC). The links established there-

in were the basis for the interdigitation of a wide variety of rural

development activities (Stevens, 1974).

(iv) ,Igput Distribution System

The Comilla approach developed a new system of input distribu-

tion. Those services and input supplies necessary for the agricultural

transformation were channeled from the Thana cooperative association

to the farmers through the village cooperative societies. The inputs

provided fall into three categories: (1) biological (seeds, plants,

breed, etc.), chemical (fertilizer, pesticides, etc.) and mechanical

(pumps, tubewells, tractors, threshers, etc.); (2) institutional

(e.g. credit, banking, marketing, storaging, processing); and (3) be-

havioral (e.g. extension training, information and advice, diffusion

of innovations, etc.). The arrangement of distribution of such a

long list of inputs through the organizational structure helped

farmers to obtain relief from many constraints, and encouraged them

to strive for increased production, higher income and greater welfare

(Hoque, 1970a). Thus the system ensured that appropriate inputs

could be delivered almost to the doorstep of the cooperative par-

ticipants.‘
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(v) Reliance on Cooperation and Group Pressure

Adhering to the principles of cooperation, the Comilla

approach tried to generate motivation, self-reliances, strict dis-

cipline and group pressure among the participants. The recipients

had to abide by certain rules and regulations, which were enunicated

by the organization and strictly enforced. To stimulate the forma-

tion of collective consciousness, the participants were recognized

as an organized body (VCS), and were required to deal with the central

cooperative association as a group rather than as individuals. The

stated role of the TCCA in this aspect was to induce a change among

the participants. However, many problems in the sphere of power con-

trol, resource distribution, participation and factions were not fully

settled which led many to criticize this aspect to the Comilla

approach (Ahmed, 8., 1972; Blair, 1974; Dumant, 1975).

(vi) Comprehensiveness
 

The institutional linkages and the integrated attack on rural

problems helped initiate comprehensive area development encompassing

all aspects of rural life, e.g., education, family planning, health '

g and nutrition, women and youth development. Various activities con-

cerning meaningful rural development objectives could be attached to

thereep rooted institutional structure.

The Integrated Rural Development Program,(IRDP)

The IRDP is the national program for duplicating the Comilla

model throughout Bangladesh. The evolution of the IRDP started

slowly and cautiously in 1963. In the beginning, the Comilla
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approach was tested in three remote Thanas of the country. Then be-

tween 1964 and 1968 all 20 Thanas of Comilla District were brought

under the program. This preliminary phase provided experiences in

Thana level replication, as well as a model for coordination of the

expansion program within a dictrict. During this period several other

duplication experiments were started in the districts of Chittagong,

Dinajpur and elsewhere. These initiatives were quite significant in

that they were generated outside the IRDP, by people with little

financial and governmental backing. The success of these relatively

unassisted projects proved that the Comilla appraoch could work with-

out the parental care of the government machinery. They also

established that the approach could be effective when sponsored by

the people themselves.

Between 1964 and 1968 an increased concern for food self-

sufficiency was intermingled with the success of IRRI crops and

irrigation. Finding that the Comilla method was successful in train-

ing and organizing a large mass of the rural population for agri-

cultural modernization, the government decided to undertake a modified

Comilla method for accelerating food self-sufficiency with the use of

IRRI crops and irrigation. In 1968 the Thana Irrigation Program (TIP)

was extended throughout East Pakistan. Under the TIP cooperative

groups were organized, rapidly trained, and issued credit and irriga-

tion devices, either low-lift pumps or tubewells. The TIP was a

modification of the Rural Works Program, which had been launched

several years before (also as a result of the Comilla experiment).
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The works program built up a physical infrastructure in the province

of East Pakistan by utilizing the unemployed/underemployed rural

labor force.

The IRDP was officially initiated in May 1971 during Bangla-

desh‘s liberation crisis period. After the liberation, the Government

of Bangladesh adopted it as a major program and in July 1972 it was

launched with vigor.

The First Five-Year Plan gave special emphasis at rural in-

stitutions in general and to the IRDP in particular. It was planned

that by 1976, 250 Thanas would be brought under the IRDP. The ex-

tension of the IRDP to the country's other 262 Thanas would proceed

after an evaluation of initial achievements. Allocations for the

period of 1973-78 amounted to Taka 313.85 million as a grant and Taka

1,266.40 million as a loan towards the IRDP alone. In addition, the

IRDP was to provide a conduit through which other programs and

agricultural sector activities would be channeled into the rural areas.

The total amount to be allocated for such programs in the agricultural

sector during 1973-78 is estimated at Taka 10,410 million, of which

a sizeable portion would be utilized in IRDP-covered areas. The

basic objectives of the IRDP were laid down as (Haque, 1971):

1. To create an institutional infrastructure which would

promote the effective utilization of available resources,

and. which would serve as a vehicle for carrying out

development programs. Within the organizational infra-

structure, peasants were to form permanent, cohesive,

disciplined, voluntary cooperative groups at the village
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level, and these groups were to federate into Thana

level cooperative associations.

2. To organize and develop the Thana Central Cooperative

Associations (TCCA's) into strong development agencies

promoting technological and social innovations, provid-

ing supervised credit, assisting in capital formation,

arranging input supplies and services, and organizing

continuous training programs for the Village Cooperative

Society (VSC) representatives.

3. To develop local leadership through mass participation

in cooperative activities at the village and Thana levels.

4. To help Thana and village cooperatives attain self-

sufficiency in management and finance.

The basic unit of the IRDP operation is the TCCA at the Thana

level. Its activities are directed downward to the federated VCS's

and their members. The IRDP serves as the basic institution for rural

development; the related activities of all nation building departments

are linked, in some way, to the IRDP institutions at different levels.

At the Thana level, the departments of Agriculture and Exten-

sion, Fisheries, Livestock, Local Government, Cooperatives, Health,

Family Planning and Education, the Agricultural Development Corpora-

tion (ADC), and the Cooperative Bank have officers and staff with

specific functions. In the IRDP Thanas all of these officers and the

TCCA are brought together and located in the Thana Training and De-

velopment Center. Planning, coordination, training, distribution,

diffusion, etc. are unified and channeled through the TCCA. The
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Thana Central Cooperative Association serves as the launching pad for

all these institutions and as the supporting, supplying and servicing

institution of its federated VCS's. The Thana Association maintains

its own activities such as training and extension, issuing credit and

collecting repayments, generating capital formation through savings

deposit and share purchase, distributing inputs, processing, storaging,

marketing, machine station, rural industries, and others - some of

which have not yet been implemented. Also, social, educational, health,

family planning, home development, and women's program activities will

be initiated, as in the Comilla model, as soon as the IRDP institutions

have been built.

Small and medium size farmers join the VCS as primary members.

The VCS, in weekly meetings, draws up production plans and applies for

supervised credit, disburses loans received from the TCCA, collects

repayment and savings deposits and makes decisions concerning the

members' needs. The manager, on behalf of the VCS, visits the TCCA

to implement the VCS's resolutions. He and the supervisor represent-

ing the TCCA maintain the link between the two institutions in their

mutual operation.

The initial cost of TCCA is borne by the IRDP through Govern-

ment grants. This will continue for some time until the TCCA gen-

erates enough funds to finance itself. The source of such funds would

be generated from the service fee that TCCA charges to the VCS at the

rate of 7% for loans extended. The seed capital for credit operation

will be provided by the government through the National Cooperative

Bank in the form of long term loans (Taka 2 million in five years)
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which are repayable in 20 years with a five year moratorium. Short

term crop loans may also be obtained from the government (Taka 3

million in 5 years) and from commercial banks.

In addition, the members' savings deposits and share purchases

increase the equity capital at the disposal of each TCCA, generally

accounting for one third of the loan fund. It is thought, therefore,

that within 20 years each TCCA will be on a footing to run its credit

operation and bear its administrative cost from its own funds. .

In spite of a difficult period in Bangladesh, the IRDP has

progressed well. A preliminary report shows that the program is

under way as per the plan and is fulfilling the physical targets laid

down therein (Khan, 1970). As of August 1974, 152 Thanas have been

brought under the Program with a membership of about 15,000 VCS's and

0.4 million farm families. About Taka 22 million has accumulated as

farmers' capital through savings and shares with the TCCA. Taka 119

million have been distributed as loans of which Taka 66 million have

been repaid. In the month of August, 1974 as many as 638 classes for

managers, 412 classes for village accountants and 91 classes for

chairmen were held - which indicates the intensity of the training

activities of the IRDP. In all areas under the IRDP the demand for

fertilizer, seed, pesticides and irrigation has increased substantially

and rice cultivation under improved practices has intensified.

The IRDP's initial aim is to build up the institutional infra-

structure around agricultural development. As the institution takes

root, it will incorporate social, educational, health, family

planning, women's development and industrial programs. Already action
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along this line has been undertaken by the IRDP, the Bangladesh

Academy for Rural Development (BARD), and other agencies.

However, at this stage it is not possible to evaluate the

impact of the IRDP in the attainment of national objectives at the

grass roots level. Evaluation studies have been launched by the IRDP

itself and by BARD, as well as by universities and several other re-

search institutions. These studies will create the basis for critical

analysis of the program.



CHAPTER III

CONCEPTUAL FRAMEWORK FOR POLICY ANALYSIS UNDER AN INTEGRATED

RURAL DEVELOPMENT SYSTEM

Development planning is concerned with theciesign and applica-

tion of a set of policies that encourage a development process and

is therefore very much policy oriented (Zarembka, 1972). Development

itself is a goal-oriented process in which policies describe mechanisms

for obtaining the goals. As such, policy objectives are not dif-

ferent from development objectives. Rural development objectives, as

identified by Uphoff and Esman (1974), contain three central dimensions

which are: (i) agricultural productivity, (ii) rural income and

(iii) rural welfare in terms of health, nutrition, education, etc.

Along the same lines, the World Bank, which substantially influences

development in the LDC's by its lending policies, defines the ob-

jectives of rural development as: to improve productivity; to in-

crease employment and income; and to provide a minimum acceptable

level of food, shelter, health and education (IBRD, 1975a). In all

these definitions of objectives, agriculture has been reckoned as the

pivotal dimension because of its central role in the economies of the

LDC's.

When increasing agricultural production, and thereby increas-

ing aggregate rural income, was the major objective of rural develop-

ment, policy objectives centered on initiating rapid agricultural

38



“
a
l
p
h
a
-
9
'
.

 i
f
"

I
I
C
:
.
.
“
E
'
1
"
.

.
5
.
.
-

‘.
-"

\'
~‘

"
:
2
"
:



39

growth. When this objective was single-mindedly pursued, income dis-

tribution, employment and social welfare became side issues, con-

comitant effects of structural changes in the process of growth.

However, increasing concern for such issues has lead to their being

considered as rural development objectives in their own right. Rural

development itself must be redefined in accordance with these multiple

objectives and policies should be drawn to achieve them all at the

same time. In this chapter we evolve a framework for policy analysis

which is expected to help in the planning and evaluation of strategies

to meet the development objectives of Bangladesh. First, however,

we will discuss the theoretical issues of agricultural transformation

and policy planning in order to indicate the basis for the policy

framework.

The Conceptual Basis
 

It has been established that a rapid transformation of tradi-

tional agriculture in Bangladesh is essential for the achievement of

the objectives of rural development. In pursuing such an approach,

however, we must seek the congruent achievement of multiple objectives,

and if this does not occur, some policy intervention may be necessary

to keep the trade off balanced. For such reasons, it is also necessary

to understand how the transformation would take place and how policies

can be applied effectively.

In general, there is a great deal of agreement that tech-

nological change is a crucial factor in the transformation of

agricultural production. The production process is a technical
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phenomenon and a change in it would inherently change output. Tech-

nological change brings about new factors of production and alters

the state of the art for combining factors of production. The re-

sult is that as the factors of production and the state of the art

improve, the production function changes and output is increased.

When a new technology (as for example, seed, fertilizer, water

availability, or pest control) becomes available, it is critically

important that farmers adopt the new techniques in their production

processes and thereby cause a change in the state of the art. In a

free economy, however, farmers retain their independence in deciding

whether to adopt the new techniques. The farmers' decisions on the

other hand, are constrained by many social, economic, and ecological

factors. Such constraints are prevalent among small self-sufficient

subsistance farmers who consume all or most of their produce leaving

little or no marketable surplus (Wharton, l969a). Because they live

on the verge of subsistance, such farmers cannot take heavy risks by

accepting new technology which is unknown to them. They stay within

the bounds of old but known production techniques and established

socio-cultural beliefs and values (Rogers, 1969).

Schultz (1964), however, has argued that small subsistence

farmers in traditional agriculture are rational economic men and

manage their farm operation as efficiently as the large commercial

farmers. He argues that the small subsistence farmers are profit

minded too, and that they want to maximize profits from their farm-

ing. If technology provides new and profitable factors and methods
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of production, the small farmers would not hesitate to adopt them.

In fact, Schultz has argued that a demand for new factors of produc-

tion exists, but that the supply of such factors is restricted.

He has emphasized the need for more investment in institutions which

can provide a continuous supply of new technological factors and

methods.

This line of argument was pushed much further by Hayami and

Ruttan (1971) who emphasized that technological change cannot proceed

alone without the necessary institutional changes to support it. They

argued that technological change can be achieved through market

mechanisms and their interplay. In fact, under an appropriate price

structure, transformation results from induced investment arising from

the interaction between demanders and suppliers of technological

change. Institutional change is necessary to maintain a price

structure and to maintain the effeCtiveness of the market. However,

inasmuch as Hayami and Ruttan's induced development process provides

a method for agricultural transformation, it is inadequate in the

light of the LDC environment. There market institutions are less

than perfect. Self-created scarcities, coercion, and inefficient

rules and regulations often create price distortions and fluctua-

tions. 0n the other hand, subsistence farmers generally remain re-

moved from the market institutions so that their connections with

them are minimal. As a result, the expected interactions of demanders

and suppliers do not take place with sufficient intensity to cause

the process of induced development. Therefore, there is a need for

evolving an alternative institutional mechanism not only to correct
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the inadequacies of markets but also to accelerate the expansion of

new technology. As more information becomes available, their decision

making is influenced towards accepting better and more profitable

technology and their efficiency of allocation improves. Such be-

havioral change occurs, according to Schultz (1964), because of the

profitability of new technology, the existence of price incentives

and the availability of inputs. In other words, economic gains from

technological change ushers in a behavioral change. The behavioral

change, however, does not necessarily depend on economic factors

alone. A host of sociocultural values and beliefs also are involved.

These values and beliefs slowly change through constant diffusion of

the effects of modernization (Rogers, 1969).

From this disucssion, it appears that technological change is

a necessary but not a sufficient condition for transformation.

Institutional and behavioral support is required to sustain technolog-

ical change. One kind of change cannot be chosen and emphasized to

the extent of neglecting the others. Institutional change alone would

not bring on an agricultural transformation without sufficient tech-

nological and behavioral change (Hayami and Ruttan, 1971). The case

is similar with behavioral change, for without institutional and

technological support, it cannot induce an overall transformation.

Each of these kinds of changes must be fostered and combined with

the others. Their interaction can give rise to an overall transforma-

tional dynamic and the more the interaction, the more rapid would

be the transformation. Such interaction should be sustained by a

constant supply of technological, institutional and behavioral inputs,
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which also serves as the mechanism for keeping the combined effects

in balance. In fact, such a balance of input supplies and the 4

dynamic effects of transformation follows a planned path towards

the set of objectives.

On the other hand, technological change is not neutral to

distributive effects such as those of income and employment. Whether

such effects would be positive or negative depends upon the initial

structural conditions and the manner in which technological change

is implemented. Implementation of technological change involves the

supply of related inputs, their divisibilities, distribution, in-

centives for their use, and so forth. For example, if water cannot

be supplied, HYV cannot be grown; if irrigation cannot be provided

without constructing a dam, farmers would have to wait; if water

charges are high, the incentive to use it would be lower, and so on.

Distributive effects depend on how such implementation is pursued

and whether it gives adequate attention to such questions. Indeed,

such issues are in the area of administrative and institutional

arrangements which are responsible for efficient propagation of the

technological change (Gotsch, 1971; Ruttan, 1973).

How effective implementation, structural conditions and

choice of combination of changes are to be attained is a much dis-

cussed subject in rural development. There is no clear theory or

methodology available which can be accepted readily (Ruttan, 1974;

Crosson, 1975). These differ from country to country and environ-

ment to environment, and even from one government to the next within

a country. However, it clearly appears that for maximum interaction
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of the changes, a close integration is essential to satisfy their

respective interrelationships. Such integration can possibly be

attained by so called 'invisible hands,‘ or for that matter, by the

present day market institutions of the LDC's in a context of slow

growth. But for accelerated growth inducements must be generated

by the supply of change inputs through alternative institutions. In

the LDC's the public sector provides the insitutions for such inputs

and holds the major responsibility for initiating developmental

activities. The public sector bears the financial burden of providing

such inputs to satisfy the farmers' demand. Farmers are ambivalent

toward the government; they distrustgovernment policy and government

officials, yet they display a 'help me' attitude (Rogers, 1969). Al-

though the public sector cannot divest itself of its role as initiator,

supplier and caretaker of development, its capabilities are in

actuality limited. Neither is it reasonable to expect the private

sector in a developing country to accelerate development without

support and control from the public sector. In most developing

countries, the private sector is more handicapped than the public

sector.

Moreover, the maximum interaction and integration of tech-

nological, institutional and behavioral changes can be effectively

attained at the grass roots level rather than at a higher or national

level. Lower level integration takes place within a workable

goegraphical jurisdiction, which increases the proximity of partic-

ipants. Choice of such level from where development work will be

coordinated is essential for effectively matching the demand and
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supply of induced changes. Further, public institutions at this

level can help in the evolution of private institutions and their

growth so that eventually the private institutions can take over the

management of the transformation.

These arguments bring us closer to the acceptance of the

organizational approach as an effective means for inducing trans-

formation in a traditional subsistence agriculture (Weitz, 1971;

Owens and Shaw, 1974). Indeed, suth an approach has been observed

to be effective in many countries and has been generally overlooked

until the rediscovery of the Chinese model (Aziz, 1974). More

recently, as a result of failing to achieve rural development ob-

jectives under the sectoral approach and its limitations, a definite

interest has grown among the development workers in the integrated

approach to rural development (Mosher, 1972; Kotter, 1974). There

is as yet no definite concept or method developed on this approach

and it varies in operation from country to country. Some say the

integrated approach is synonymous with the comprehensive approach

or to the area development approach while some see it as an adminis-

trative and coordinating mechanism for the supply and service for)

rural development. We have, however, looked into the integrated

approach under the system framework, and have considered the inter-

actions and integration of technological, institutional and be-

havioral inputs and their controlling mechanisms to be the integrated

approach.

,In initiating successful integrated rural development, the

role of the intermediate level organization is crucial. The
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intermediate level organization can be a government, or senior non-

government institution located in the hierarchy between the village and

the central level of the development organization. It can act as a

catalytic institution not only for introducing technological, institu-

tional and behavioral inputs but also it can simulate decentralizing

planning action and can be used for policy intervention. Mosher

(1972) has shown that intermediate level organizations can effectively

pursue integrated rUral development in a limited area by establishing

linkages and by intensifying development activities. In analyzing

the role of local organizations in developing countries Owens and

Shaw (1974) categorically supported farmers' associations and the

activities of cooperative institutions in rural development. Con-

sidering the stringent conditions in Bangladesh, Akhter Hameed Khan

strongly emphasized the creation of intermediate level farmers'

organizations.

Most recently the Rural Development Committee of Cornell

University conducted a study of many Asian countries to ascertain

the role of rural institutions and local organizations in rural

development. The committee observed from 18 case studies that there

was a clear relationship between organization and rural development

performances (productivity, income, and welfare); these performance

variables were enhanced in those cases where rural people participated

in local organizations (Uphoff and Esman, 1974). The committee

observed that in the total rural development functions local organiza-

tions of Comilla scores 48 (of which KTCCA itself accounts for 36)

and the State Administration (government) scores 26. Comparable
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figures for China are 42 and 41 respectively. The committee found

that rural welfare (income distribution, education, health, security,

etc.) in the most organized cases levels high, while disparities,

unemployment, population growth are lower. The study concluded that

local organization, whether governmental or autonomous, makes a sub-

stantial impact on rural development performance.

Policy intervention is essential if the goals of rural develop-

ment are to be fulfilled. In general, policy intervention is throught

to be necessary for improving the distribution of income. After

studying Pakistan, Gotsch (1971) maintained that without government

policy intervention, the effects of the green revolution would favor

the larger farmers. In another study, Inayetullah (1974) concep-

tualized that rural development performance and welfare depend upon

policy intervention and that the higher the intervention, the more

the equality. It is assumed that policy intervention does not have

to occur through the market, as is generally done in a mixed economy,

but can also be extended through organizations, the latter method of

policy intervention may well be more effective.

With this view we shall focus our attention on how a policy

intervention can be conducted through the intermediate level

organizations with the objective of effecting agricultural trans-

formation as well as improving distribution.

Difficulties in Policy Planning

A multiple objective function introduces the problem of trade-

offs. While the ideal policy strategy may be to maximize all objectives
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in the function, it is difficult to find a policy or a set of policies

that will simultaneously accomplish this. A given policy may help

attain a just distribution of income, yet force production and employ-

ment to decrease. The choice of policies then seems problematic due

to at least three fundamental difficulties (Johnson and Zerby, 1973).

These are:

I. The first difficulty arises due to the absence of an

interpersonally valid common denominator to handle multiple

objectives. If there were a common denominator available,

the multiple objectives could be maximized in terms of

this denominator in order to achieve a single composite

objective. In the absence of a common denominator

policy planners often use an approach that considers pro-

duction, income distribution, and employment separately

and maximizes one irrespective of the others.

The second difficulty lies in determining the optimum

order in which a program should be executed within a policy,

or the order in which various policies should be executed

in developing a sector. In the interrelated activities

of development, there are many facets that need to be

handled or executed to ensure that the development process

moves dynamically towards the achievement of the objectives.

For example, in agricultural transformation, many programs

dealing with technological, institutional and behavioral

inputs have to be initiated and many policies have to be

developed to support them. When programs or policies
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involve technological, institutional, and human changes,

such as these there is no ready-made optimum sequence of

alternative actions that would result in a path of maximum

gain. It is not possible, then, to prescribe the sequence

of policies or programs, which would bring the optimum

realization of objectives. (If there were a common

denominator, it might be possible to chart a particular

policy sequence that would maximize gain. However this

might not result in the full realization of rural develop-

ment objectives due to the effect of variations in com-

binations of the structural changes.)

The third difficulty arises in the determination of decision-

making rules to select a program, or policy, that would

serve as the best alternative. The choice of an appropriate

decision-making rule becomes problematic due to imperfect

knowledge, the deficiencies of foresight, and the lack of

a common denominator and an order sequence. As a result

alternative policies are chosen on the basis of some

apriori rules set by the decision makers. Such rules

are in some cases defined in terms of the political,

social and economic needs of the populace, but often in

developing countries they are directed by the attitudes,

vested interests and ideologies of those who control power.

In effect, the policy priorities may shift towards the

selection of policies which are not those most suitable

for the country.
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It is difficult, although desirable, to examine the long-

run effects of the policy under consideration. Since rural develop-

ment is by definition a dynamic concept, the long-term trend of the

performances generated by the policy has to be assessed through

dynamic analysis to determine the effectiveness of the policy. But

serious difficulties arise when dynamic analysis is attempted, for

input combinations, policy variables and even the structure may change.

More analytical difficulties arise because the dynamic effects of

technological, institutional and behavioral changes remain undefined

even in theory (Jonson, 1972). A dynamic analytical framework for

policy effects is not yet fully developed,and has never been attempted

in the area of rural development.

In cognizance of these fundamental difficulties in policy

planning the present study has attempted to look at rural development

objectives, such as productivity, consumption, employment and income

distribution at the same time rather than separately. The effect5~

of the policies are demonstrated along a sequential time path derived

through systems imulation techniques. Several performance indicators

have been introduced to measure the multiple effects. No decision

making rule has been imposed rather the choices have been kept open

for consideration by the decision makers.

The Systems Simulation Approach in Policy Planning

Accompanying the problems in policy planning mentioned in the

previous section, there is a need for a technique for dealing with

these problems. It is now obvious that the roots of such problems
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lie deep in methodological inefficiencies. Existing analytic tech-

niques such as linear programming, simultaneous equation systems,

and cost-benefit analysis impose their own theoretical rigidities on

the solutions. Moreover, these techniques are limited in their

capacities to deal with the complex interactions of a development

process (Manetsch et al., 1971). In dynamic analysis, such complex-

ities are greatly increased and impose further limitations upon the

existing programming, econometric and input-output techniques.

The system simulation approach is a flexible, iterative,

problem-solving process that involves stages of problem formulation,

mathematical modelling, model testing and refinement, and problem

solution in close contact with decision making (Manetsch et al., 1971).

A system simulation can be adjusted to the type and sources of data,

and to the estimation and approximation procedures used in a policy

analysis. In other words, the systems simulation approach uses all

available methods which are beneficial to its iterative process.

Iteration involves repeating the simulation cycle as required

to incorporate feedback from decision makers as well as from people

in the field. A mathematical structure developed by studying the real

system is continuously tested and refined through validation, and

serves as the basis for suggesting alternative solutions to the prob-

lem. The systems approach does not impose a particular solution upon

the decision maker but it clarifies various possibilities from which

a solution can be chosen depending upon the decision maker's objectives.

Moreover, the approach is not confined to any one field, but can be

used to analyze problems in many disciplines.
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The systems simulation approach accommodates complex inter-

actions present in the real system. This is done by breaking the total

system into interrelated functional components which are called build-

ing blocks, and by specifying the linkages within and between the

components. Systems analysis is the process through which such inter-

actions are studied. For that purpose the system linkages have to be

understood through a detailed and penetrating study of the real system.

If the systems interactions can be specified, they can be made dynamic

through computer simulation by tracing out over time the probable

trends of complex interactions.

The use of systems simulation in dynamic agricultural policy

planning is a quite recent approach and is still in the development

stage (Johnson and Ranser, n.d.). This approach has been applied to

sector analysis in various developing countries such as Nigeria

(Manetsch et al., 1971), Korea (Rossmiller et al., 1972), Venezuela

(Holland et al., 1966), Colombia (Posada, 1974), Brazil (Ahn and Singh,

1973) and India (Mellor and Mudahar, 1974). The systems approach to

rural development policy planning has been emphasized only recently

(Billingsley and Lacewell, 1972). Earl Kulp (1970) first introduced

systems analysis in rural development planning in 1970. Since then,

several attempts have been made by Macmillan (1974) in Canada,

Tweeten (1974) in the U.S. and Herdt and Kellogg (1973) in India.

Except the work of Herdt and Kellogg , the author is unaware of any

substantial study in this field that analyzes the micro-level effect

on production, income, and employment of policy alternatives in

developing countries. Indeed, no systems analytical study has been
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undertaken anywhere which considers integrated rural development in

Bangladesh or elsewhere. However, several systems conceptualizations

have been suggested and of these Kotter's (1974) was the most

significant.

Although the systems analysis approach is a powerful policy

planning tool, it has several limitations which need to be discussed.

It has already been indicated that the approach requires a deep under-

standing of the real system and its interactions. To incorporate

these interactions in the mathematical model, a large number of equa-

tions, variables and parameters have to be specified. To make the

model operational a large amount of data must be specified and the

model must be validated. In addition to the model itself, the simula-

tion results have to be interpreted for decision makers. This approach

involves many kinds of resources -- time, money, personnel and access

to a computer -- and the availability of such resources in LDC's is

generally limited. Though such issues have not been solved, it is

argued that the cost-benefit ratio of the approach would not fall

below thatcfl’other approaches and that such limitations would not be

insurmountable. Consideration of the systems simulation approach,

therefore, should emphasize its capabilities as an effective planning

tool rather than its limitations.

The Systems Analysis Framework for Integrated Rural Development

The Integrated Rural Development System (IRDS) is a structure

in which a network of directly interacting linkages is established

between the demanders (farmers) and the suppliers (private or public
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institutions). In this system, an intermediate level organization

assumes a crucial catalytic role; through the organization combina-

tions of technological, institutional and behavioral change inputs

are channeled into the system. The linkages thus established help

loosen constraints upon the farmers and the organization, create a

feedback loop around them and overcome market problems. The integra-

tion of technological, institutional and behavioral inputs in the

system by means of an intermediate level organization can help to

bring about planned change in many aspects of rural development. Also,

the existence of an intermediate level organization opens up possi-

bilities for decentralized area planning, which could in turn form

the basis of a meaningful national development policy.

The system is conceived to include a structure, multiple in-

puts and multiple output. The structure is defined by the wide rang-

ing linkages, established under the organizational framework, that

help in attaining planned changes and objectives. The multiple outputs

of the system are set by the rural development objectives which in

our case are production, employment, nutrition and income. These

are considered as desired outputs. There are several outputs which

the system may bring about but are not desired such as inflation, mal-

nutrition, income disparity, etc. Multiple inputs are channeled into

the system through various means so that desired outputs can be

obtained.

Inputs can be broadly classified under two classes. Exogenous

inputs are those which enter into the system from outside, affect it

but are not influenced by it. Examples of this class of input are
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weather conditions (floods, droughts), government policies, prices,

etc. The other class of inputs occur in two forms -- noncontroll-

able and controllable. Noncontrollable inputs are mostly socio-

psychological and political. They affect the system but cannot be

manipulated or varied as much as the physical inputs. Almost all

the inputs than can be manipulated during the operation of the system

to achieve the objectives are classified under controlled inputs.

In the IRDS we recognize that many controllable inputs are

provided by the organization. Through the organizational structure,

member-farmers receive technological innovations, e.g., biological

inputs (seed, plants), chemical inputs (fertilizer, pesticide, etc.)

and mechanical inputs (pumps, tubewell, tractors, threshers). Institu-

tional inputs (e.g., credit, banking, marketing, storage) and be-

havioral inputs (e.g., training, information, innovative ideas, etc.)

are also provided through the organizational structure. In effect,

this helps farmers to get relief from constraints in land and capital

and to strive for increasing production, income and welfare.

System design parameters represent the characteristics which

specify the structure of the system. Inherently these are the para-

meters which help realize the objectives through varying inputs and

as such they are the most important variables. However, they differ

from system to system and approach to approach and their changes in

a system will change the structure. In our model, we have taken system

design parameters as defined by the Comilla approach and accepted them

as given. We recognize that any change in the Comilla approach would

call for modification of our model. By basing our model on the Comilla
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Figure 1. Major Inputs and Outputs of the Rural Development System.
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approach, we give the model a definite footing. This allows us to

analyze the impacts of policies on the systems. Otherwise we would

end up evaluating the approach itself.

Once the system design parameters are specified, the perfor-

mances of the system can be affected in two ways -- by varying inputs

and by policy changes. Different combinations of inputs would give

different output combinations. Such differences in input combinations

would come about through organizational and national policies of input

distribution, timing, procurement, quantity, etc. On the other hand,

the agricultural structure (different from the system structure) of

the area can be subjected to policy change such as land reform,

mechanization, etc. Some policies may induce price changes, whereas

other policies, such as laws or decrees, may direct change. These

policies can affect the output levels in two different ways, either

through input distribution or through a structural change mechanism.

If the input and policy variables are specified and the system structure

is identified by its flows, it should be possible to identify the

resulting changes in the output levels (performances).

As discussed earlier, the policies in Bangladesh agriculture

need to have multi-objectives so as to increase all the development

performances simultaneously at both the micro and macro levels. The

intermediate level organization in this aspect provides a ground to

operationalize the policies at the level where development actually

begins to work. Policies affecting the micro level farmers can be

generated at two levels: the national level and the intermediate

organization level. The national policies of the government would
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have wide and equal applicability to all farmers in the country,

while organizational policies would be applicablecnflyrto the geograph-

ical area and participating members of an organization. From the

IRDS viewpoint, these policies can be thought of as working in a

system both exogenously and endogenously. Some policies such as land

reform or taxation would act on the IRDS exogenously while co-

operativization could be endogenous in that it would work within

the system. Since both categories of policies, exogenous and endo-

genous, would affect the system's performances, it is possible to

estimate the effects contingent upon them by the use of some analytical

techniques. It is all the more possible because under the IRDS

system the input, output and even the structure of the system are

clearly observable.
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Thus, under this systems framework it is possible to identify

the area that needs policy attention. Considering .desired perfor-

mances in terms of output, it is possible to observe whether their

attainment came about by changing input combinations or by changing
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the agricultural structure. Moreover the systems framework can serve

our purposes in the following specific ways:

1. The distributive effects of policies involving the output

and the agricultural structure arise mainly from resource

endowments of the micro level farmers. In aggregative

analysis, distributory impacts among classes of farmers

are hidden, and therefore cannot be handled in terms of

policies which are based on aggregative information.

'Using the systems analysis framework, farmers in the area

can be disaggregated into several classes according to

their respective resource endowments, providing the basis

for comparing trends of performances under alternative

policies. Much could then be learned by manipulating the

combination of inputs or the system structure, so as to

ascertain which changes lead to favorable distribution

effects.

Dynamic processes, which are crucial to the understanding

of rural development, can be studied within this frame-

work. The complex interactions which occur within the

system, and which are expressed by model linkages, would

be demonstrated as the model variables influence one

another recursively during a simulation run. The system

simulation model would trace changes in performance vari-

ables for disaggregated classes of farmers over time. The

simulation would also trace interclass transfers of land,

labor and capital resources as a dynamic process.
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The systems framework increases the scope for decentralized

area development planning. Given national policies, local

organizational policies could be evolved in terms of in-

put distribution and structure by taking into account char-

acteristics of the area. Different Thanas will have dif-

ferent cropping patterns, farm size, labor availability,

etc. which may call for different policies. Within the

national IRDP replication program it is necessary to have

flexibility, otherwise inter-thana differences in per-

formance would result. Since the systems structure con-

tained in the Comilla approach is actually being replicated,

it will remain the same for all areas. This kind of

systems framework, it would seem, could be used to adjust

national policies to the special requirements of different

localities.

It is not our contention that the system inherent in the

Comilla approach should be rigidly maintained, or that its

further modification would not be necessary. However, it

is obvious from the Comilla experience that both time and

money are needed to evolve systemic modifications and to

choose from alternative designs. While adoptive experi-

mentation in the field will always be required, so as to

ascertain whether new approaches to rural development are

viable and workable, the design process can be simplified,

shortened, and rendered less costly if systematic altera-

tions can be tested out on the computer before they are
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implemented in practice. The use of a computer would

reduce the time needed for practical experimentation, and

would aid in the selection of an efficacious design.

The Framework of Poligy Analysis .

A system simulation model describing the interrelationships of

the variables and their interactions in the Integrated Rural Develop-

ment System (IRDS) has been proposed as the framework of policy

analysis. The outputs of the model are defined as performances

criteria and are selected according to their conformity to the multiple

objectives stated above. Changes in performance criteria which are

due to changes in the policies are considered as policy effects.

To operationalize the framework of policy analysis, certain

basic assumptions were made which are as follows:

9 (a) although a multitude of social, economic and political

implications are involved in a policy analysis, for our

present purposes we have limited our attention to economic

aspects only.

(b) the pattern of the IRDS is similar to that of the Comilla

approach (as indicated in Chapter II) on which basis the

systems model has been based. Specifically, there exists

an intermediate level of organizational structure through

Awhich rural development is pursued.

(c).the operational boundary of the IRDS is governed by a

given geographical jurisdiction, such as the Tharp, which

is smaller than the national area. Also, it is assumed



 is4

 



62

that the system is closed within the [3333, though in

reality, various external economic influences are

apparent. Many outside interactions will be neglected

in this model but a few which significantly affect the

system will be taken into account as exogenous variables.

(d) the state of the economy is mixed, with activities of

, both public and private institutions recognized. Policy

interventions are possible and do not impare the rights

of farmers to make independent decisions.

To measure the distributive effects among classes of farmers,

the farming population is disaggregated into four distinct classes on

the basis of the sizes of their land holding. In the Comilla approach,

however, farmers may or may not join the cooperative organization,

although the integrated system covers the whole Thana. Those who join

the organization obtain certain inputs from it, while those who do not

can still obtain many of the inputs from the distributing agencies or

from the market. It has been found that participation in the organiza-

tion has an impact on the performance of the farmer, so we have

categorized farmers according to their membership in the organization.

The distribution of the total farming population, therefore, falls

into eight classes as shown in Table III.l.

The gross structure of the IRDS model is shown in Figure 3.

There are eight (8) interrelated components (building blocks) in the

model and each performs certain functions. Each component is con-

Sidered as a submodel which employs certain variables. These variables

are calculated by other related components in order to provide
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Classification of farmers of Comilla Thana according

to farm size and membership in cooperative organization

Farmer Groups

 

Farm Size Cooperative Cooperative

Category Member Non-member

Less than 1 acre

(near landless) Class 1 Class 2

l to under 3 acres

(small) Class 3 Class 4

3 to under 5 acres

(medium) Class 5 Class 6

5 acres and over

(large) Class 7 Class 8
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information that is required by the model. Policy variables, shown

on the left hand side of the figure, enter directly into the compo-

nents at impact points. Similarly, the exogenous variables enter

into the respective components to which they are most related. The

physical input requirements are determined endogenously by the

respective components. Beginning with the given initial conditions,

the model generates information that has been calculated by the dif-

ferent interacting components for each of the three (3) cropping

seasons of the year. The performance variables listed on the right

hand side of the figure are the seasonal or annual outputs of the

model.

The components and a brief description of their functions as

conceptualized are given below:1

I. farm: This component includes the rural population, farm families

and their sizes, the agricultural labor supply, and

aggregate land holding sizes. Within the given initial

conditions, the growth of the population is calucluated

on the basis of the existing intrinsic rate of a natural

increase of population. In-migration and out-migration in

the Thana are not considered for the sake Of brevity as

well as for their negligibility. However, interclass

transfers of population are taken into account. A change

 

1It is to be remembered that the total model represents and runs for

each of the eight (8) disaggregated classes of farmers in the Thana.

For each class the model variables are aggregates.
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of aggregate land holding size which might occur due to

the sale or purchase of land by a class is not considered

but that due to sharecropping is taken into account.

2. Consumption: This component calculates the consumption demand for
 

staple food, nutritional intake, debt, marketable surplus,

sales and purchases of food grains and case expenditures on

non-food items. These items are endogenously determined

by the related information received from other components

such as population, production and income.

3. Intermediate Level Organization: In this component, certain

activities of the organization that are related to agri-

cultural transformation, e.g., distribution of technological,

institutional and behavioral inputs, are simulated. Since

variability in procurement, control, supply, distribution

and prices of the inputs affects output performances, the

organization becomes a manipulator in the IRDS. This com-

ponent also simulates growth of the capital formation of

the organization as well as membership growth.

4. Modernization: This component underlies the farm and organization

components and simulates the trend of transformation among

the classes of farmers. As farmers participate in the

organizational activities of training, extension, and dif-

fusion of innovations, their motivation and adoption of

techniques are likely to increase. The direct participa-

tion of the members results in a sharper adoption curve

while non-members who receive only the benefits of
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demonstrations follow a slower trend. This component

calculates the rate and levels of modernization for the

classes that influence their decision making for agri-

cultural transformation.

Decision making: This component simulates the crucial functions

of agricultural transformation. It receives information

from all the components and makes decisions on land, labor

and capital as well as on other input allocations. It also

makes decisions on crops and the selection of varieties.

As the modernization trend increases, the traditional

variety is replaced by high yielding varieties and the

necessary input allocations are made. Such decisions are

made under constraints that are prevalent in a class and

which have bearing upon this production pattern.

Production: This component computes agricultural output under the

Income:

allocations made in the decision making component. It

also calculates the inputs used for seasonal labor employ-

ment, storage and disposal of produce. The simulation of

input use provides the trend of input requirement including

labor.

This is mostly an accounting component that calculates

input costs, earnings, tax, loan repayment, savings and

cash balance. The input and output prices are used as

exogeneous variables for the time being. The component

also simulates the transfer of income among classes through

labor, land rent and interest costs.
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8. Accountigg: This component keeps track of the performance vari-
 

ables and summarizes them by enterprise and/or by season

or year in order to show a total figure for the Thana as

a whole. It provides additional information for considera-

tion that is not available from other components. In

addition to the performance variables such as output, in-

come, employment, consumption, it provides the value that

is added to agriculture and non-agriculture pursuits,

storage, cash balance, investment, input demand and other

related information.

The model designed on the basis of disaggregation introduces

flexibility which permits the model to incorporate independent char-

,acteristics of all classes. The model generates aggregate patterns

of input and output for each class which provide the basis for observ-

ing and comparing interclass performance trends. The performance

criteria selected for this purpose are expressed by class as totals,

and on a per farm and per capita basis. The selected performance

measures fall under the following main areas:

1. Production - crops by variety - (in maunds),

2. Earnings - gross farm income and disposable income

(in Taka),

3. Consumption - of rice by quantity and calories,

4. Employment - total labor and hired labor.

In addition, other variables such as value added by agriculture and

by family, food inventory, liquidity, etc. are also measured by class.
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So far as the input requirement is concerned, the use of physical

inputs by class is observed only in total terms.

To estimate the changes in performances due to policy changes,

the model is subjected to exogenous stimulation by several policy

variables. In a simulation model, practically any number Of policy

variables can be accommodated, but for our experimental purpose we

shall limit them to a few, such as

(1) Land reform: A land ceiling of a specified size with

(2)

(3)

(4)

(5)

(6)

excess land distributed among marginal or landless farmers.

The proposed land ceiling would be lower than the.current

33.3 acres.

Desubsidization of input prices: Present subsidies on

technological inputs, e.g., fertilizer, irrigation, etc.

would be lowered.

Tax: A land tax would be imposed per unit of land or

agricultural income tax would be imposed on annual tax-

able income.

Development Of new varieties: Seeds for higher yielding

crops would be made available to farmers.

Cooperativization: A membership drive would be conducted

so as to bring a large number of farmers under the co-

operative organization.

Population control: A general policy would be implemented

to lower population growth.

In order to observe the dynamic effects of the policy changes, the

model will run to a time horizon, of 8 years, or from 1974 to 1981,



70

inclusive. Consequences in 1981 due to policy changes will be com-

pared to the 1981 version of the status quo situation, in which the

strategy of agricultural transformation is continued as at present.

Summary

In this chapter a conceptual framework to analyze effects of

policies in the context of integrated rural development is developed.

It has been pointed'out that rural development objectives are multiple

i n number and interrelated in nature. Because of trade-offs existing

among them the pursuit of solitary objectives, leaving others un-

considered, often leads to incongruity in goal achievement.

For achieving agricultural transformation in Bangladesh,

technological change is indeed crucially needed. But as much as tech-

ricalogical change is necessary to induce transformation in traditional

subsistence agriculture it is not sufficient. Behavioral and in-

stitutional changes are also required to accomnodate technological

change. In a free economy the transformation is automatically

achieved through the market by exchanges of demanders and suppliers.

However, in developing countries it is unlikely that the market alone

Will be able to effectuate all such changes and induce a transforma-

tion without some alternative arrangements.

Distributive effects that result from agricultural transforma-

t"Ion are inherently due to initial structural conditions of the

e"'V'ironment, to the method of implementing changes and to the manner

in Which inputs are combined. Their solutions entail administrative

a“(I institutional policy interventions for regulating the transformation.
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There is no clear cut methodology available that can readily be

prescribed. Considering the institutional environment of less de-

veloped countries, it is argued that the organizational approach pro-

vides a means both for the infusion of technological, behavioral and

institutional inputs in combination, and for regulating them through

policies or otherwise. In this regard the role of intermediate level

organizations has been found worthy of consideration. An intermediate

level organization provides maximum integration and interaction of the

change inputs, which is the basis of integrated rural development.

Planning policies aimed at achieving multiple Objectives are

methodologically problematic due to the absence Of an interpersonally

valid common denominator, of a method to determine the optimum order

sequence, and of decision making rules for choosing the best policy.

These fundamental difficulties extenuate further when dynamic analyses

are sought. This study seeks to cope with these problems through the

simultaneous achievement of single objectives among participants

disaggregated according to their homogeneous characteristics, and by

examining the attainment sequentially along the time path.

The systems analysis method has been used to describe the

complex interacting linkages in the integrated rural development

system. Based on the closed regional system structure defined by

the Comilla approach, the study shows, in a conceptual way how in-

tegrated rural development works and how policies can be effectively

applied to the system. The system analysis framework thus can be

used to measure dynamic performances of disaggregated participant

classes. The systems approach also provides scope for decentralized
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Thana policy planning, and for deriving and testing ideas for the

modification and improvement of the Comilla approach.

The policy analysis framework has been developed on the basis

of a systems analytical model of integrated rural development. The

model structure has been designed with eight components or building

blocks and their linkages. The output variables that define per-

formances of the system participants, and policies that are considered

, useful to attack problems of agricultural growth and distributive

inequalities are indicated, along with their impact points in the

system. In the next chapter the mathematical structure of the model,

which is based on the conceptual framework of this chapter, is pre-

sented.



PART B: THE SYSTEM SIMULATION MODEL



CHAPTER IV

THE MODEL DESCRIPTION

Scope of the Model

The mathematical structure of the model is described in this

chapter, but before it is presented we would like to point out its

scope vis-a-vis the gross structure presented in Chapter III.1 The

structure discussed therein is that of the total model conceptualized

for the Integrated Rural Development System. But due to the limita-

tion of resources it has not been possible to operationalize the total

model. Instead, we undertook to develop structural equations for the

blocks designated by bold lines in Figure 3, page 64. It is

expected that if explicit representation of the remainder of the total

model is attempted at a later date, the present work can be fitted

to the other sections in order to operationalize the complete model.

The structural equations presented here involve several com-

ponents of the gross structure shown in Figure 3- These components

are: Farm, Production, Consumption, Income and Accounting. The com-

ponents which have not been included in the present work are organiza-

tion, modernization, and the Allocating Decisions. These components

are undeniably crucial for the system as a whole because, through

 

1The computer program of the model is given in the Appendix.

73
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‘their’decision making roles, they can make other components dependent

and can thereby change the outcome of the system. TO circumvent the

(rifficulties that crop up in leaving them out of the present work we

resorted to alternative means. Firstly, critical information that

would be obtained as output of the excluded components to ”serve as

inputs to the included components is provided exogenously in this

Inork. In generating exogenous data for this purpose, an attempt has

been made to obtain information that is as realistic as possible.

Reliable sources have been sought out, but intuitive guesstimates

have sometimes been made. Secondly, those alternative decisions that

could have an impact upon system performances have been examined through

model sensitivity tests; during these tests the model was subjected

to several alternate situations that could arise due to differing out-

puts Of the omitted components. This methodology provided the basis

on which the omitted components have been involVed in the present work.

Although these methods cannot fully substitute for a modelling of the

complicated interactions which actually take place between the omitted

and the included components in the real world, the approach has allowed

operationalization of a model.

As indicated earlier, the model is essentially developed for

a small geographical region as identified by the administrative

boundary of Thana. Except for a few variables, i.e. prices, interest

rates, input supplies, the system being modelled has been, for all

practical purposes, considered as closed. The rural population of

the area has been disaggregated into eight classes (i = 1,8) according

to membership or nonmembership in cooperatives and the size of land
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holdings. Farmers retain their independent decision making func-

tions but have been considered as a group in each of the classes. For

this model only the rice crop has been studied. Although a number of

crops are grown in Bangladesh, by far the major crop is rice (in

Comilla Thana, for example 95 percent of the cropping intensity is

specified by rice production) and the new technology presently being

expounded is mainly for this crop. The presently available strains of

rice varieties are grouped under two crops (j = 1,2); improved

varieties (HYV) e.g. 1R5, 1R8, IR-ZO, Pajam, Mala, Chandina; and local

varieties e.g. Dharial. Dhalishaitta, Boro, Latishail, Nigershail.

Rice crops are grown in three rice growing seasons (n = 1,3) - Boro,

Aus and Amon. In Boro season cultivation of rice, especially the

HYV are greatly dependent,upon mechanical irrigation facilities; in

other seasons occasional irrigation might be useful at the planting or

harvesting stages, but this is not presently done. In view of this a

provision has been made in the model for including methods of irriga-

tion (K = 1,2), but it was not used due to the paucity of data. Thus,

the model has been made flexible in at least two aspects -- methods

of irrigation and number of crops -- so that it can accommodate these

aspects later as data become available.

Notions of the availability, forms, and cOnstraints of data

have been reflected in the forms of various equations. Care has been

taken to demand as little exogenous data as possible, and to use data

which are for the most part already available. In many cases, how-

ever, roundabout means of derivation in structuring the equations

could not be avoided. Although such roundabout derivations have
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increased number of equations or iterations, they have not caused us

to deviate from central purposes of the model. As and when the data

Situation improves, the model can be simplified by eliminating the

roundabout derivation.

Detailed Model Description
 

Farm Component:
 

The Farm Component generates data for the eight population

classes, including their land holdings, their institutional membership,

and their agricultural labor supplies. It also generates allocation

of land area for seasonal cultivation and for crop varieties. The

two other characteristics that have been incorporated in the farm

component are interclass transfers and dynamic growth of the class

variables. The farm component generates data for four categories of

farmers according to the size of their land holdings (i.e. O-l acres,

1-3 acres, 3-5 acres and 5 acres and over), and it then disaggregates

the data for each of these categories into two 'sub' classes accord-

ing to institutional affiliation with cooperatives (i.e. members, and

non-members).

The institutional membership data is generated by the following

equation:

(1) MEMBm(t) = Min (FFMm(PPFMm(t) + RTMm(t)).c1.FFMm)

where

MEMB

FFM

members of cooperative institution (number)

total farm families in the category (number)
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PPFM = initial proportion of farm families who are members

(dimensionless)

RTM = proportion of new farmers (net) joining the cooperatives

each year (dimensionless)

CI = maximum proportion of farmers expected to be in the

cooperatives (dimensionless)

m = land holding category (m = 1,4)

t = time

The total number of farm families in the Thana is assumed not to

change during the run duration.2 Also it is assumed that a member in

the cooperative organization represents one family. The minimum

function has been introduced in the equation to prevent it from blow-

ing up in situations that may result due to linear growth. The linear I

I

growth parameter RTM may be a little unrealistic but it is accepted

so as to simplify the dynamic growth.

The non-member data, NMEMB, are then obtained as:

(2) NMEMBm(t) = FFMm - MEMBm(t) .

The total population, POPN, in each of the four land holding

categories is generated for each year by the following equation:

(3) POPNm(t) = POPNm74 ~(EXP (GRT . T))

I/‘v

 

2This assumption was made for several reasons. Firstly, the joint

family system still existing in the rural areas absorbs the population

increase within the families. Secondly, the formation of nuclear

families is slow and would be insignificant within the time period

with which we are concerned. Thirdly, there is great paucity of data

on growth of rural families.

I
I

I
I

I
I

I

’I

I
T
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where

GRT = intrinsic rate of natural increase in population (persons/

year)

POPNm74 = initial population in l974

EXP = exponential

T = year

This provides a basis for calculating family sizes for each

category of farmers as:

(4) AVFSZm(t) = POPNm(t)/FFMm

where

AVFSZ = average size of family (persons).

Since the number of farm families in each category (FFM) does not

change, and since migration into or out of the Thana is assumed to

be negligible, the average family size (AVFSZ) will vary only due

to the changes in POPN, the total Thana population. It has also been

assumed that during the run period of 8 years there is no transfer

of farmers or population from one land holding category to another.

The population represented by each land holding category of cooperative

members can then be calculated as:

(5) POPNMm(t) = MEMBm(t) . AVFSZm(t)

and

(6) POPNNm(t) = POPNm(t) - POPNMm(t)

where



79

POPNM = population represented by farmers holding membership

in cooperatives (persons);

POPNN = population of non-members (persons).

Given the land area possessed by the farm families of re-

spective categories it is possible to calculate their average land

holdings. The land area possessed by members and non-members can then

easily be obtained as:

(7) AVLNDm(t) LNDm(t)/FFMm

(8) LNDMm(t) MEMBm(t) - AVLNDm(t)

(9) LNDNm(t) LNDm(t) - LNDMm(t)

where

LND total land area in possession of the land holding category

(acres);

LNDM land area in possession of members in the landholding

category (acres);

LNDN land area in possession of non-members in theland holding

category (acres);

AVLND average area of land possessed (acres).

While account has been made through the above equations of

possessed land transferred from one class to another along with the

transferees, it is also logical to do so for the land which is under

share cropping. In this case, there is a transfer of land from one

category of farmers to another only for cultivation, the ownership is

retained by the owning category for which it receives a share of
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the output from the category which cultivates the land. To determine

the amount of sharecropped land (either taken or given by the category)

in question, the following equation is devised:

(10) SHRLNDm(t) = GAMMAm - PRPSH ° (1. + RTSH.T) TOTLND

where

SHRLND total amount of (net) land under sharecropping in a

category (acres);

PRPSH = proportion of total land in the region under share-

cropping (dimensionless);

RTSH = the yearly rate of change of PRPSH

T = year

TOTLND = total cultivable land in the region (acres)

GAMMA = the proportion of total sharecropped land in the

region received or given by the category (dimension-

less)

In this equation the parameter GAMMA, whose values and signs

are given exogenously takes the crucial role of distributing the

sharecropped area to any particular class while signifying its owner-

ship rights. The GAMMA is given a positive sign for a group that takes

land for sharecropping and a negative sign to the group that lends

out. Its values and signs are so determined that total area of share-

cropping land lent out in the region must always be equal to that

taken in by the Sharecroppers. The following equations then determine

the area of sharecropped land in possession of members and non-members:
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(ll) AVSHRm(t) = SHRLNDm(t)/FFMm(t)

(l2) ARSHMm(t) = AVSHRm(t) - MEMBm(t)

(l3) ARSHNm(t) = AVSHRm(t) ' NMEMBm(t)

where

AVSHR = average area of sharecropped land taken in or given out

by a category (acres)

ARSHM = area of sharecropped land taken in or given out by

member class of the category (acres)

ARSHN = area of sharecropped land taken in or given out by

non-member class of the category (acres)

Once the farm families, population and population of the four

categories are disaggregated into member-non-member classes, as above

the variable names and subscripts are changed so that they designate

eight sub-classes. The 'm' subscript is converted to 'i' subscript

in the following manner:

 

Land Holding O-l l-3 3-5 > 5

(acres)

Subscript m l 2 3 4

 

Institutional Memb Non—Memb Memb Non-Memb Memb Non-Memb Memb NonJMemB'

Affiliation .

Subscript i l 2 3 4 5 6 7 8

4;
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Accordingly the changed variables are named as:

 

 

Variables

Under m Subscript Under i Subscript

MEMBm FAMi, 1 = l, 3, 5, 7

NMEMBm FAMi, i = 2, 4, 6, 8

POPNMm POPN,, i = l, 3, 5, 7

POPNNm POPNi, i = 2, 4, 6, 8

LNDMm LANDi, i = l, 3, 5, 7

LNDN LAND., i = 2, 4, 6, 8
m l

ARSHm ARSDi, i = l, 3, 5, 7

ARSHNm ARSDi, i = 2, 4, 6, 8

This completes the dynamic process of interclass transfer

within a group of the specified variables. It hardly needs any

mention that except for ARSDi all variables are non-negative. ARSD

retains the sign of GAMMA in the way as stated and is added to the

owned land of the class to determine the total land available to it

for cultivation so that3

(14) AVARi(t) = LANDi(t) + ARSDi(t)

where

AVAR = total land available to ith class for cultivation (acres)

 

3The equation defining this must always hold £8__] ARSDi(t) = 0 so

that 21 AVAR. (t) = zi LAND. (t)= TOTLND.
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In other words, AVARi(t) > LANDi(t) is for the class that takes

in land for sharecropping while for lending class AVARi(t) < LANDi(t).

It must be mentioned that after the transfer the elements always

assume all characteristics of the class into which they are trans-

ferred.

To generate data for land seasonally allocated to rice cultiva-

tion the following equation has been devised:4

(15) ARCin(t) = Min ((PPARCin(t), czin(t)). AVARi(t))

where

ARC = area allocated to seasonal rice cultivation (acres);

PPARC = proportion of total cultivable area that is under rice

cultivation (dimensionless);

CZ = maximum proportion of total cultivable area that could

be brought under rice cultivation during the run period

(dimensionless);

i = farmer classes according to size of land holding (l, 8);

n = cropping seasons (l, 3).

The variable PPARC depicts the dynamic change of seasonal

acreages in the run period and is obtained as:

(‘5) PPARCin(t) = PPAin(t) (1 + RTAin(t) - T)

 

2The minimum function in eqn. (15) is true if PPARC is increasing or

remains constant in the run period. If PPARC is decreasing due to

negative RTA, as has been observed in the Aus season in Comilla Thana,

the minimum function has to be replaced by a maximum one and C2 must

be defined as the minimum proportion of land under seasonal rice

cultivation.
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where

PPA = initial proportion of total cultivated land allocated to

seasonal rice cultivation (dimensionless);

RTA = the rate of change in the proportion (PPA)

and T = year

In fact, the parameter RTA indicates the shift in acreages

that is taking place over the years. Whether it is positive or

negative depends upon government policies, farmers decisions, weather,

etc. as determined in the allocative decision making component. For

the present the parameter is determined from a linear extrapolation

of the past trends.

The total land area allocated to seasonal rice cultivation

(by eqn. (l5)) is again divided into the acreages under different rice

varieties. The area put under HYV cultivation is given by:

(17) 11121111.,2 n(t) = M1n ((PPHYVin(t), C3in(t)) - ARCin(t))

where

ARA1 2 n area put under HYV rice crops cultivation by ith

class in nth season (acres)

PPHYV = proportion of rice land area put under HYV

(dimensionless);

C3 = maximum proportion of rice land area that may be

put under HYV (dimensionless).

The variable PPHYV is determined in the same way as PPARC,

i.e.



85

(18) PPHYVin(t) = PPHin(t) (l + RTHin(t) - T)

where

PPH proportion of total rice area allocated to HYV;

RTH rate of change in PPH,

ancl 'T year.

lfliile the same assumptions remain true for RTH as have been stated

before for RTA and symbolises the dynamic change in cultivation of

IfYV due to modernization in agricultural production. The land area

under the local rice variety is simply given by:

(19) ARAi’],n(t) = ARCin(t) - ARAi2n(t)

as the remaining seasonal rice cultivation area after allocating land

to HYV cultivation.

The agricultural labor force is determined by the proportion

of population involved in agricultural production activities. This

method of determination, though crude, is much simpler than a deriva-

tion through the whole process of disaggregating the population by

class, sex, age and sector for which data are scarcely available.

Until such data are available the following equation is expected to

provide an adequate estimate of the agricultural labor force:

(20) AGLABi(t) = POPNi(t) - PPAL

where

AGLAB

PPAL

agricultural labor available in the class (persons)

proportion of population engaged in agricultural labor

(dimensionless).
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The value of PPAL is assumed to be the same for all classes.

It they be possible that a smaller proportion of the larger land hold-

ing population than of the small land holding population engage in

agricultural work, but sufficient data is not available as yet. How-

ever, the fact that the larger land holding class puts in less working

days than the small land holding class is taken into account in the

following equation for generating total family labor available in

each class.

(21) FAMLABi(t) = AGLABi(t) . PPYRwi

where

FAMLAB = family labor available for agricultural production

activities (mandays/year)

PPYRN = days spent in agricultural work (days/year)

Production Component3

The activities in the Production Component are grouped under

three categories:

(a) Crop production which generates yield rates and output

production and distribution;

(b) Crop input which computes inputs used, including labor

in the production process: and

(c) Cost accounting which keeps track of production expenses.

 

The mathematical structures defined in this component involve two

time variables - Season (n = 1,3) and DT (= .02 yr). Some equations

are solved for the season only and others for every time element DT

in the season. '
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Crop Production Subcomponent.

To generate the yield rates of different crop varieties we

have used fertilizer response functions. Fertilizer was chosen as

ar1 independent variable to determine yield because yields of the rice

crop varieties introduced under the new technology depend more on

chemical fertilizer than on any other single input. Moreover, a

'Large variation in the rice yield is ascribed to variation in the doses

of nitrogen as contained in Urea. The fertilizer response function

lJSEd in this model is of the non-linear quadratic form,

2
y = a + bx + cx so that the yield rates are given by

(22) YLDFAijn(t) = Ajn + Bjn - FERTAijn(t) + Cjn - FERTAijn2(t)

where

YLDFA = yield rate of rice varieties determined from the

response function (mds/acre)

FERTA = chemical fertilizer allocated in terms of Urea and in

fixed proportion (2:3:1) to triple superphosphate and

Muriate of Potash (mds/acre)

A, B, C = coefficients of the fertilizer response function

i = classes of farmers (i = 1, 8)

j = crop varieties (j = l, 2)

n = cropping seasons (n = l, 3).

The allocationtrfFERTA depends upon the availability of inputs

including capital and credit, cropping pattern in the area, price

elasticity, motivation, etc. and is to be determined by the allo-

cative decision making component. Since that component is yet to be
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modelled, we provided the fertilizer level exogenously from the

available data on actual level of use by farmers. In so doing we

observed that fertilizer use data is generally expressed variety-

wise in seasonal averages but is not disaggregated by classes. To

obtain fertilizer use by classes, an index was constructed that gives

a pattern of fertilizer use vis-a-vis the average dose used in the

region. The following equation then disaggregates the fertilizer use

by classes:

(23) FERTAijn(t) = AVFETjn(t) - FINDXi

where

AVFET = average dose of Urea used in the Thana in fixed pro-

portion (2:3:1) to TSP and MP (mds/acre);

FINDX = index of fertilizer use by the classes determined

exogenously conforming to their allocation char-

acteristics (dimensionless).

To incorporate any change that might occur in the use of

average dose due to price change, availability, motivation, etc. the

variable AVFET is linked to a change-parameter so that

(24) AVFETjn(t) = FETjn(t) (l + RTFan(t))

where

FET initial average dose of Urea use (mds/acre)

RTFU rate of change in FET.

The YLDFA is further adjusted to the loss of yield due to

processing, handling, etc. in harvesting, threshing and storing
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operations as well as in milling the paddy into rice. Also, the yield

is adjusted to weather conditions such as flood, droughts, cyclone so

that the final rice yield is obtained as

(25) YLDAijn(t) = YLDFAijn(t) (l - PPLOSS) ° NIn

where

YLDA = adjusted rice yield (mds/acre)

PPLOSS = proportion of yield lost in processing and milling

(dimensionless)

HI = weather index derived from past experience.

It is as difficult to project weather conditions from the past

experience as to forecast the occurrance and timing of natural hazards.

Furthermore, variation in the timing of planting and harvesting might

lead to different crop maturation time and in different weather periods

having differing effects on yield rates. Instead of recognizing all

these aspects separately they have been incorporated into one index

that expresses the seasonal weather in terms of normal conditions

necessary for crop growing. If evidence establishes a reason for

expecting a departure from normal conditions, the index can be set

accordingly.

The seasonal output of a crop variety for a class of farmers

is then generated by the equation:

.(26) OUTPUT (t) = ARA. (t) - YLFA.. (t)
ijn ijn lJn

where

OUTPUT

ARA

rice production (mds)

land area under rice cultivation (acres).
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The output is harvested at different points of time during the

harvesting period and has significant implications upon labor demand

as well as on employment, storage, market price and sales. Output

is distributed over the harvesting period by a mathematical function

called SEAVAL which generates a symmetrical curve RH depicting the

harvest rate between start of harvest time, T1 and the end of harvest

4 The SEAVAL function is generated in such a way as to make theat T2.

area under the RH curve between T1 and T2 equal to the output and

equal to zero elsewhere,

RH(t) l

  
T1 T2 ST

so that the harvest rate becomes:

(27) RHijn(t) = OUTPUTijn(t) - SEAVAL (T T ST)
1’ 2’

The class which cultivates land under sharecropping (net) is

required to give a portion of the output to the class which lends out

(net) the land. Therefore, available output for consumption purposes

is reduced for the class which cultivates the borrowed land while it

is increased for the class which lends it. To take account of this

 

4The mathematical function SEAVAL is derived as

SEAVAL(t) = D - (l. - Cos (N - t)

where D = l/(TZ - T1)

and N = 6.28319 * D.
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fact the sharecropped land area llocated to seasonal rice cultiva-

tion is distributed into the acreages under different varieties. The

sharecropped area put under HYV is then obtained as

(28) ARSHi,2’n(t) = PPHYVin(t) - ARSHin(t);

and that under local variety as

(29) ARSHi’],n(t) = ARSDi(t) - ARSHi,2’n(t).

where

ARSHi 2 n sharecropped area cultivated by ith class in nth

season under HYV rice crop (acres)

ARSH1 1 n sharecropped area cultivated by ith class in nth

season under local variety (acres)

The cultivated land area which is owned then is given by

(t) - ARSHijn(30) ARowijn(t) = ARA (t)
ijn

where

ARON = area owned cultivated (acres).

The land area from which output is received by the farmers is

then expressed as

(31) ARORijn(t) = AR°”13n(t) - ALPHA - ARSHijn (t)

where

AROR area from which output is received (acres)

ALPHA proportion of output to be received by the Sharecroppers.

Note that the sign of ARSD is positive for the class which cultivates

the sharecropped land and negative for the class that lends it.

 



92

Secondly, a class coefficient BETA is computed as

(32) BETA (t) = AROR.1jn(t)/ARA.
1jnijn (t)

so that BETA (dimensionless) determines the quantity of output obtained

after the harvest to be received by the class for consumption purposes.

For the class which takes land from another class for cultivation, the

value of BETA is less than unity while for the class which lends out

land, BETA is greater than 1.5 Therefore, the available output given

by

(33) AVLOPT.1jn(t) = BETAijn(t) - RHijn(t)

where

AVLOPT = total rice output available to the class for consump-

tion (mds.)

would be smaller than the OUTPUT produced if ARSH > 0 and would be

greater than that if ARSH < 0. Since groups with large farms satisfy

the earlier condition their output would be higher than what their

cultivated land produces, and the reverse would be the case for

small farmers who satisfy the latter condition.

The cumulative totals of seasonal production and output avail-

able to ith class are obtained from the following integral approxima-

tion equations:

(34) SOPTijn(t) = SOPT.1jn(t - DT) + DT ~ RH t)
ijn(

 

SNith a > o and ARSH > o for small farmers BETA = AROR/ARA is

< l, while for large farmers ARSH < 0 so that BETA = AROR/ARA is

> 1.
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(35) SAVLOijn(t) = SAVLOijn(t - DT) + DT ° AVLOPTijn(t)

where

SOPT

SAVLO

seasonal output produced (mds.)

seasonal output available to producers (mds.)

Crop Inputs

The chemical fertilizer used in the production of the crop

variety in the nth season by the ith class is obtained from the equa-

tion

(36) FERTijn(t) = ARAijn(t) - FERTAijn(t)

where

FERT = fertilizer used, in terms of Urea (mds./acre).

Since other kinds of chemical fertilizer besides Urea are

used in a (2:3:1) proportion, their amounts can be easily calculated

accordingly. Similarly the total amount of seed used is obtained as:

(37) SEED.1jn(t) = ARA (t) - SEEDA. (t)
ijn 1jn

where

SEED total seed used (mds.);

SEEDA seed used per acre (mds.).

To generate the human labor required to the crop production,

the cultivation process is divided into two mutually exclusive segments -

pre-harvest period and harvest period. The pre-harvest labor required

is computed as:6

 

6The divisor NDT is used in the equation to transform the stock vari-

able PVLA into flow.
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(38) PVLijn(A) = ARAijn(A) ° PVLAjn(A)/NDTjn

where

PVL = labor required in pre-harvest related work (mandays/year)

PVLA = pre-harvest labor required per acre (mandays)

NOT = length of time from the start of season until the

beginning of harvest (year)..

The labor required in the harvest period is computed by using

the harvest rate, RH so that

(39) HVLijn(t) = HVLPOan(t) - RHijn(t)

where

HVL

HVLPOU

labor required in harvest related work (mandays/year)

harvest labor required per unit of output (mandays/md.).

The total human labor required in the crop enterprise is the

sum of pre-harvest labor and harvest labor,7

(40) LABijn(t) = LAB.1jn(t - DT) + DT - (PVLijn(t) + ”VLijn(t))

and the total human labor used per acre is obtained as

(4]) LABAijn(t) = LABijn(t)/ARAijn (t)

where

 

7Eqn. (40) is the numerical approximation of the integral equation,

_ T T
LABijn(t) - [Tl PVLijn(x)dx + IT: HVLijn(x)dx.

2

We have used this form of approximation for the integral equations

throughout.
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LAB = total labor required (mandays)

LABA = labor required per acre (mandays/acre)

DT = time variable (.02 year).

Not all of this labor is provided by the farmers as family

labor; in fact some of it is hired from outside the families. The

labor supplied by the family depends upon the agricultural labor

available within the family beyond which the requirement has to be

met through hiring of labor. The total family labor available in the

class has been estimated by the equation (21).

However, as has been empirically observed, certain charac-

teristics in the production processes impose maximum limits up to

which family labor can be used and beyond which the required labor

has to be hired even though the family labor for the season remains

in excess. Under these assumptions, and also assuming that family

labor is used uniformly over the period irrespective of the crop

variety, the per acre family labor available for use by the class is

obtained by the following equation:

(42) FLABAin(t) = Min (FAMLABi(t)/ARAin(t), U21(t))

where

FLABAin = per acre family labor used by ith class in nth

season (mandays/year);

ARAin = total area under cultivation in nth season by ith

class (acre);

702, = maximum amount of family labor that can be used by

the ith class in per acre crop production (mandays/year).
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The total family labor available for use by the class for

production of a crop variety is given by

(43) FLAB (t).ijn(t) = FLABA1n(t) ° ARA
ijn

In order to get an estimate of hired labor used at any time,

the labor required in excess of family labor is computed for both

pre-harvest and harvest periods by the following equations:

(44) PLHijn(t) = Max ((PVLijn(t) - FLABijn(t))a 0)

(45) HLHijn(t) = Max ((HVLijn(t) - FLABijn(t)); 0)

where

PLH = hired labor used in pre-harvest related work (mandays/year)

HLH hired labor used in harvest related work (mandays/year).

The maximum functions are introduced to make the equations

non-zero so that only the positive differences between PVL and FLAB,

and between HVL and FLAB, are measured to obtain the extent of hired

labor use.

Labor

(mandays/year) HV

1441‘ ¥(//}

PVL PLH lé;éi§i£jj>\‘xx

* A , ’ ///‘F////7///////z“///7/ / fi/l‘ FLAB

‘L—Seasonal

T0 T1 T2 length

 

 

  
 

Family labor used by the class at any time is obtained as
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(46) FMLAB. n(t) = (PVL. (t) + HVLijn(t)) - (PLIHjn (t) + HLH11n(t))
ijn

where

FMLAB = family labor used (mandays/year).

The total hired labor required in both segments of pre-har-

vest and harvest periods are given as respective integrals of eqn.

(44) and eqn. (45) as

(47) PVLH“n(t) = PVLH - DT) + DT ° PLHijn(t)an

(48) HVLH. (t) = HVLH.ijn (t - DT) + DT - HLH.. (t)
ijn ijn

where

PVLH total hired labor used in pre-harvest related work

(mandays)

HVLH total hired labor used in harvest related work

(mandays)

The total hired labor used by the class during the season for

growing a crop variety SHLAB, is given by

(49) SHLAB1jn(t ) = PVLHijn(t) + HVLH1jn(t)

and that for both crop varieties SLABH, is given by

N

(50) SLABH1 (t)= Z SHLAB.
n j-_1 an>.

Assuming that the region is closed i.e., that there is no in

or out migration of agricultural labor, the hired labor is employed

from the classes of farmers who are land poor and have surplus family

labor to offer for wages. In general, land rich farmers do not offer
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themselves as wage labor and it is the first four classes of farmers

who provide the wage labor. The distribution of wage labor among

these classes is made through a weight, PPNL, established on the

basis of surplus labor that each of the four classes has after meet-

ing the family labor requirement for their crop production. Therefore,

(51) PPNL1(t) = NLAB1(t)/TNLAB(t)

2

(52) WLA81(t) = FAMLAB1(t) - z FLA81.n(t)

i=1 3

and

4

(53) TNLAB(t) = NLAB1(t)

i=1

where

PPNL = proportion of wage labor that can be employed from the

class (dimensionless);

NLAB = surplus labor of first four classes after meeting crop

labor requirement (mandays/year) (i = l, 4)

TNLAB = total surplus labor of first four classes (mandays/year).

To determine the amount of wage labor that each class provides,

the hired labor used by all classes is pooled for all time periods

first and then is distributed among the wage labor classes (i.e.

i = l, 4) according to the weight PPWL1.

At any time t, hired labor used by any particular class is

the sum of that required for all crops in either pre-harvest work or

in harvest work so that

N

(54) APVL1n(t) = J1:11PLH1‘111(t)

 



and 2

(55) AHVL1n(t) = g HLH11n(t)

where

APVL = hired labor required for both crop varieties in pre-

harvest related work (mandays/year),

AHVL = hired labor required for both crop varieties in harvest

related work (mandays/year).

The total hired labor used by the classes at any time t is then

given by

(56) DHLAB(t) =
1

"
M
m

-
_
|

(APVL1n(t) + AHVL1n(t))

where

DHLAB = total hired labor pooled (mandays/year).

The wage labor provided by the respective class at any time

t is computed as

(57) LHLAB1(t) = DHLAB(t) - PPwL1(t)

where

LHLAB = wage labor employment of the class (mandays/year).

LHLA81(t) is summed over the seasonal time length to obtain the amount

of wage labor that the class provided is given by the following equa-

tion:

(58) SLHLABin(t) = SLHLAB1n(t - DT) + DT ° LHLA81n(t)

where

SLHLAB = total wage labor employment (mandays).
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Similarly, the amount of family labor in the season spent by the class

is obtained as

(59) SFMLA81n(t) = SFMLABin(t - DT) + DT ° FMLA81n(t)

where

SFMLAB = total family labor spent in the seasonal crop produc-

tion (mandays).

Finally, the sum of family labor and wage labor gives the total

employment of the class labor so that

(60) SLABin(t) = SFMLABin(t) + SLHLAB1n(t)

where

SLAB1n(t) = total seasonal employment of labor (mandays).

Cost Accounting

The expenses incurred in crop production for variable inputs

are accounted under two categories according to where the inputs

originate, (i) non-agricultural sector or (ii) the agricultural

sector. The expenses are categorized in this way in order to re-

flect the value added concept. Also, only cash expenses are con-

sidered in conformity to the farmers' notion in determining costs of

production. In fact, many of the owned inputs that farmers utilize

in the crop enterprise have zero opportunity costs, but earn a value

only when they are used on the farm. Further, due to the capital

constraints in subsistence agriculture case expenses are strictly re-

garded as costs, and any return over cash expenses is considered as

earning for the fixed and variable input received by the family.
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The cash expenses incurred for inputs excluding credit

originating in the non-agricultural sector are added in the following

equation:

(61) XCSNAG. (t) = (XFERT (t) + XIRG. (t) + XPLT1jn(t)
ijn ijn ijn

+ X0TH11n(t))/NDT51n(t)

where

XCSNAG = cash expenses incurred on non-agricultural sector

. inputs (Taka/year),

XFERT = cash expenses on chemical fertilizer (TK),

XIRG = cash expenses on mechanical irrigation (TK),

XPLT = cash expenses on plant protection (TK),

XOTH = cash expenses or other inputs related to power, i.e.,

tractor, thresher, bullock power, etc. (TK),

NDTS = time length of crop season used to convert stock vari-

able into a flow (year).

The derivations of the components of XCSNAG are given below:

(62) XFERT111“(t) FERTA11n(t ) - PRF1n(t) - ARA1jn(t)

(63) XIRG1jn(t) = PPIR1n(t) m1n(t) ARA11n(t )

(64) XPLT1jn(t) = PPLT1n(t) CPLTA11n(t) ARAijn(t )

(55) X0TH1Jn(t) = COTHA11n(t ) - ARA11n(t)

where
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PRF = a composite price of chemical fertilizers (TK/md),

PRI = price of irrigated water (TK/acre),

PPIR = proportion of land under mechanical irrigation,

PPLT = proportion of land in which plant protection measures

are used,

PLT = cost of plant protection (TK/acre),

COTHA = cost of services of other inputs (TK/acre).

Similarly, the cash expenses due to agricultural sector inputs

are calculated as:

(66) XCSAG11n(t) = ((XRENT11n(t) + XSEED11n(t))/NDTSjn(t))

+ XHLAB11n(t)

where

XCSAG = cash expenses of agricultural sector inputs (TK/year),

XRENT = cash expenses on rented land (TK),

XSEED = cash expenses on seed (TK),

XHLAB = cash expenses on hired labor (TK/year).

The components of XCSAG are derived as

(67) XRENT11n(t) = PPRENT11n(t) - ARA11n(t) - RENTP11n(t)

(68) XSEED.1jn(t) = SEEDA1n(t) . Pstn(t) ' ARAijn(t)

(69) XHLAB11n(t) = (PLH11n(t) + HLH (t)) ° NGRTn(t)
ijn

where
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PPRENT = proportion of land rented,

RENTP = rental cost (TK/acre),

SEEDA = seed used (md/acre),

PRS = price of seed (TK/md),

NGRT = wage rate of hired labor (TK/mandays).

The expenses on agricultural credit, which could have been a

component of XCSNAG, are determined from the amount of total cash ex-

penses that is borrowed by the farmers to lessen the cash outlay

needed. It is assumed that cooperative members can borrow agricultural

credit from the institutional sources in a larger proportion and at a

lower rate of interest than the non-members, who would have to look

8
to non-institutional sources. Under this assumption the cost of

agricultural credit is calculated as

(70) XCRED.1jn(t) = Dl1(t) (XCSNAG (t) + XCSAG11n(t)) - RTINT1(t)
ijn

where

XCRED cash expenses on agricultural credit (TK/year),

Dl proportion of total expenses borrowed by the class,

RTINT interest rate charged (TK).

Tot total cash cost incurred at any time t in producing a crop

variety is therefore,

(71) CSHCST1jn(t) = XCSNAG.1jn(t) + XCSAG (t) + XCREDijn(t)
ijn

 

8It is also assumed, for the time being, that agricultural credit is

available from both sources at the respective rates of interest.
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where

CSHCST.= cash expenses incurred on variable inputs (TK/year).

Integrating over time the total cash cost TCSHCST made on a

crop variety is obtained as

(72) TCSHCST. (t) = TCSHCSTijn - DT) + DT CSHCST..14 .j.<>

The agricultural credit is then added to XCSNAG to determine

thecash cost expended on inputs originating in the non-agricultural

sector XNAG at any time t so that

(73) XNAG11n(t) = XCSNAGfin(t) + XCRED. (tt)
ijn

and the cumulative total case cost incurred on these inputs is obtained

by integrating XNAG as

(74) TXNAG (t) = TXNAG111-01) + DT’ [XNAG. (t)]
1jn(t1jn

where XNAG and TXNAG is given in units of TK.

The amount of agricultural credit used at any time is obtained

as

(75) ACREDIT. (t) = CRED.11" (t)/RTINT1(t)
ijn

and the total amount is cumulated over time by the following equation

as

(76) CREDIT11n(t) = CREDIT11n(t - DT) + DT ACREDIT11n(tt)

where

ACREDIT = agricultural credit used (TK/year) at any time

CREDIT = total agricultural credit used (TK).
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Consumption

This component deals with consumption, storage, sales, pur-

chase and nutritional intake of the produce by different classes of

farmers. In a subsistence rural sector food consumption is generally

met by production on the farm for which produce is stored. A large

enough stock is retained to meet the consumption needs of the farmers

until the next harvest. The excess over the consumption requirement

is the marketable surplus, which is sold. If, however, the food

stock is insufficient to meet the consumption demand, the farmers

would first try to stretch the available stock by reducing the cone

sumption rate and thereby the nutritional intake. They would buy

food grains only when the stock is at an end or insufficient to carry

them through to the next harvest. 0n the other hand, the need for

cash money would have an impact on the selling and buying process.

The whole process therefore has significance, particularly in sub-

sistence agriculture, in determining the income, health and financial

status of the farmers.

For consumption purposes it is not the output produced, but

the output available to farmers after meeting the sharing commit-

ments that is of importance. Also, varietal differences would be

of little signficance in pooling the rice together so that

2

(77) AVLOCONi(t) = .2J 1 AVLOPTijn(t)

where

AVLOCON = available rice output for consumption (mds/year).
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The consumption need of rice at any time t is determined

by the equation

(78) CONSi(t) = PCCONSi(t) - POPNi(t)

where

CONS consumption need fo the class (mds/year)

PCCONS per capita consumption (mds/year)

POPN population of the class (persons)

The per capita consumption (PCCONS) is determined in terms of

nutritional intake effected by the size of the actual stock. General

estimates of normal consumption of rice are available from various

nutritional studies (GOP, 1966; Chen, 1974). It is understood that

farmers will maintain about the normal level of consumption as long

as the available stock is sufficient to carry them through to the next

harvest time. If, however, the actual stock level falls below the

desired stock level based on the present consumption level, it would

be natural for farmers to cut down their consumption level to a

minimum and stretch the supply of the existing food stock. This

notion has been maintained in determining the per capita rice con-

sumption by the following equation:9

(79) PCCCONSi(t) = FNl.Fl.RNUTNi(t)

where

 

91t is similar to that derived by T.J. Manetsch (1975) in the

Survival model.



 

 .rf
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RNUTN = normal nutritional intake from rice in grain equivalent

term (mds/person/year)

FNl = a function (3_0) that regulates the consumption level

Fl = a constant used for defining the bounds of FNl.

The function FNl, whose form is shown below, determines the

rate at which consumption level will be maintained given the stock

level (STOG) and the normal nutritional requirement (RNUTP).

FNl

 1

STOGi(t)

RNUTPi(t)POPNi(t)

   0 YSTOR . 4

FNl is generated by the variable STOG1.(t)/RNUTP1.(t) - P0PN1.(t) which

has units in years and represents the portion of a year that the avail-

able food stock will last at consumption level equal to the normal

required levels. The parameter YSTOR is the normal stock level of

food grains measured in years of consumption. Let us say that the

farmers wish to have at least two weeks of food supply in the stock,

which specifies YSTOR .04. As long as the available food stock

lasts more than YSTOR there would not be any cutback in the consump-

tion level. But when it falls below YSTOR, the consumption level

will be affected by the rate given by FNl. Simultaneously, a move

will be generated among the farmers to increase the stock to the

level of at least YSTOR either through purchase or otherwise.
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The desired stock level that farmers would wish to maintain

is determined on the basis of consumption level and the time period

remaining till the next harvest. This is the quantity that is kept

aside for home consumption as well as for seed. It is determined

by the following equations:10

(80) DSTOGi(t) = DSTOGi(t - DT) + DER (DSTOGUi(t) - DSTOGi(t))

(8T) DSTOGU1(t) = FN2F2 RNUTPi(t) - POPNi(t) (TTSH + STING)

+ QSEEDijn(t))

 

where

DSTOG = desired stock level (mds/year)

DSTOGU = unlagged version of desired stock level (md/year)

DER = a smoothening delay factor,

RNUTP = normal nutritional requirement in grain equivalent

(mds/year)

TTSH = time remaining before the next harvest starts (year)

STINC = a grace time required after the next harvest starts

before grain is available for consumption

QSEED = quantity of grain set aside for seed purpose for use in

the next cropping season (mds/year)

FN2 = a function of price that indicates the willingness to

reduce food intakes when prices are high

F2 = a boundary constant for FN2.

lO
Cf. Korean Agricultural Sector Analysis, p. l36 (Rossmiller, l972).
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DSTOG is the lagged version of DSTOGU which determines the

desired stock needed to meet consumption and seed requirement of

farmers. It is lagged in order to simulate a realistic situation in

which the farmers make decisions over the time period. The function

FN2 introduces the effect of higher grain price (PRICEl) compared to

normal price level (PRICEN) under which it is desirable to cut down

the storage level.

FN2

 

T

 

 
o .5 Lb 1.5 2.0 215 PRICEl/PRICEN

The actual level of grain stock at a given time t is determined

by the following equation:

(82) STOGi(t) = STOGi(t - DT) + DT (AVLOCONi(t) + PURCHi(t)

- CONSi(t) - SALESi(t))

where

STOG = actual stock level (mds)

PURCH = purchase of food grains (mds/year)

SALES = sales of food grains (mds/year)

In other words, foodstock level is changing continually due

to an interaction among the incoming and the outgoing flows of stock.

While the available output and consumption variables (AVLOCON and
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CONS) are already determined independent of foodstock (STOG), the sales

and purchase operations necessarily depend upon the level of STOG. In

general, the farmer would sell if there is excess stock over his

family's consumptive needs. These sales are farmers' source of cash

money for buying non-farm food and non-food goods, for repaying debts,

or for investing elsewhere. The sale may be made just after the har-

vest or can be delayed until good prices are obtained. If, however,

there is large amount of debt to be repayed and the farmers are in—

sistently pressed by the creditors, they may have to sell the produce

early without waiting for good prices. Worse yet, they may have to

sell from their desired stock if selling of the excess stock does not

cover the required repayment. The sales pattern would reflect a

combination of these two situations so that

(83) SALESi(t) = max (FN3.F3(STOGi(t) - osrooi(t)). 0)

+ max (FN4.F4(STOGi(t) - YSTOCKi(t)), 0)

(84) YSTOCKi(t) = Kl.RNUTPi(t) ° POPNi(t)

where

YSTPCK = desired level of food stock needed for a minimum time

period (mds/year)

Kl = a time parameter indicating the minimum period for

which food must be kept (usually YSTOR - Kl) (year)

FN3 = a function of market prices that influence the sale

FN4 = a function that hastens the sale due to debt service

need .

F3, F4 = bound defining constants for FN3 and FN4 respectively.
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The first part of equation (83) determines the rate of sales

of the marketable surplus as influenced by market prices, while the

second part represents that due to the emergency need for debt

servicing. Together they determine the rate at which the stock is

reduced through sales under the influences of FN3 and FN4. In gen-

erating the values for FN3 and FN4 certain assumptions are made about

the reactions of farmers in their produce disposal rates. In deter-

mining FN3 it is assumed that when the ratio of selling price (PRICEZ)

to seasonal average market (AVPR) price is low, farmers would wait

FN3 FN4

8.5

12.5

6.3

33

3.3 l

1.5

2   

 

.5 l 1.5 PRICE2§t) 0 l 2 DEBTi(t) 3

PR t

DT (SALES(t).PRICE2(t))

 

longer to dispose of the stock. If the selling price reaches the

average price they may decide to dispose of the total surplus stock

in about 16 weeks time because another harvest would be available

after that period. If, however, the prices are as high as double the

market average price they may dispose of the stock in about four
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weeks. Similarly, for FN4 it is assumed that when the debt becomes

larger than the amount of cash obtained from normal sale, they would

hasten to sell from the desired stock. _

When the actual stock level has fallen below the required

stock level, purchases have to be made to bring it back to the de-

sired level. The quantity to purchase is simply the difference be-

tween the two stock levels so that

(85) PURCHi(t) = max (FN5 (DSTOGi(t) - STOGi(t)), 0)

where

FNS = a function of price, income and other variables which

influence purchase (currently taken as a constant).

The function FNS depends on several factors e.g. purchase

price, income, cash balance, etc. It does not impede or restrict

the purchase if it is needed but is so determined as to replenish

the stock before the next harvest is available. By taking its value

as constant we assume that shortages in consumption stock level are

always made up through purchases, no matter what the price or income

level is, and that expenses are met either from the cash balance

or through borrowing.

Income Component

The income component primarily performs financial accounting

of the different cash transactions that are made by the classes. To

begin with, the cash inflow from the crop enterprise is generated by

the sales of products so that
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(86) CSHREV1(t) = SALESi(t) ' PRICE] n(t)

where

CSHREV cash revenue received through sales of produce (Tk/year)

PRICEl selling price of produce (Tk/md)

Besides rice crop enterprises, earnings are also received

from other sources. The case flows of other incomes are estimated as

the sum of all incomes received from various sources so that

(87) OTHINi(t) = (ERENTi(t) + OCPINi(t) + ONFINi(t))/NDTSn(t)

and

(88) HAGE1(t) = LHLABi(t)WGRTn(t)

where

OTHIN = income received from other enterprises (TK/year)

ERENT = cash income earned from renting out land (TK)

OCPIN = cash income from other cash crops cost (TK)

ONFIN = income from non-agricultural sources (TK)

WAGE = wages earned through hiring out labor (TK/year)

WGRT = wage rate (TK/day).

The various components of OTHIN are determined in the follow-

ing manner:

(89) ERENT1(t) = RLANDin(t) ' RENTAn(t)

(90) OCPIN1(t) = AROCPin(t) ° OCPFTn(t)

(91) AROCPin(t) = AROCn - ARCin(t)
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0NFIN1.(t) = an estimate of non-farm income currently taken

as zero (TK),

where

RLAND = area of land rented out (acre)

RENTA = average rates of rent (TK/acre)

AROCP = land area under other cash crops (acres)

AROC = proportion of land under other case crops vis-a—vis

area under rice cultivation (dimensionless)

OCPFT = average cash profit from cash crops (TK)

For lack of diaaggregated data and also for brevity, values of ONFIN,

AROC and OCPFT are exogeneously given from estimates.

The cumulative totals of OTHIN and WAGE are given by the

following equations:

(92) TOTHINi(t) = TOTHINi(t - DT) + NDTSin - OTHINi(t)

(93) TWAGEi(t) = TWAGEin(t - DT) + DT ° WAGEi(t)

The total cash flow earned by the class at any time t is the

sum of all incomes generated from different sources so that

(94) CSHINi(t) = CSHREVi(t) + OTHINi(t) + WAGEi(t)

where

CSHIN = total cash income (TK[year).

By deducting the case expenses paid for crop production repay-

ment of loan and taxes from CSHIN, whatever is left is taken as the

disposable income, so that
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(95) DISPIN1(t) = CSHINi(t) - CCSHCSTi(t) - PPIi(t) - XTAXi(t)

and cumulative total of disposable income is obtained as

(96) TDISP1(t) = TDISPi(t - DT) + DT.DISPINi(t)

where

TDISP = total yearly disposable income (TK)

DISPIN = disposable income (TK/year)

CCSHCST = total cash cost in crop production (i.e. _§ CSHCSTijn(t))

(TK/year) J-l

PPI = repayment of principal and interest (TK/year)

XTAX = payment of tax (TK/year)

Taxes considered here are of two kinds -agricultural land tax

and agricultural income tax. Agricultural land tax is imposed on

estimated gross profit received from per unit of land while agricultural

income tax is imposed on farmers' annual earned income in excess of a

certain amount of earning. The total tax payment is, therefore, de-

termined as

(97) XTAXi(t) = RTX - MAX (0., (PFERNGi(t) - TXFLOR))

+ RTL - TVADFAMi(t)

where

RTX = agricultural income tax rate (taken as constant pro-

portion)

RTL = agricultural land tax rate (taken as constant pro-

portion)
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PFERNG = per family yearly earning (TK/year)

TXFLOR = income earning ceiling in excess of which income tax

is imposed (TK/year)

TVADFAM = yearly gross profit earned from crops cultivated (TK/

year)

The first part of right hand side equation calculates agri-

cultural income tax while the last calculates agricultural land tax.

The equation remains valid even when only one kind of taxation or

none is imposed depending on the values of RTX and RTL.

The cash expenses needed for consumption purposes are met

from the disposable income while the non-cash consumption expenses,

of which foodgrain is the major item, are assumed to be met from the

farm produce. The cash consumption expenses are incurred for buying

foodgrains as well as food and non-food items.

The expenses on foodgrains are simply given by

(98) FDCSTi(t) = PURCHi(t) PRICE 2 (t)

and the other food and non-food expenses are estimated by the equation

(99) OCONXi(t) = PPCi(t) - DISPINi(t)/PRINDX(t)

where

FDCST = cash expenses on foodgrains (TK/year)

PRICE 2 = buying price of foodgrains (TK/md)

OCONX = other consumption expenditures (TK/year)

PPC = proportion of disposable income spent on other con-

sumption items (dimensionless)

PRINDX = an index of consumption goods prices.
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The total cash consumption expenses are obtained as the sum of all

above expenditures so that

(lOO) CONEXi(t) = FDCSTi(t) + ONCONXi(t)

and the residual of disposable income after meeting cash consumption

expenses is termed as savings so that

(101) SAVINGi(t) = DISPINi(t) - CONEXi(t).

Total savings accumulated over time is obtained by integrating

the above equation as

(l02) TSAVINGi(t) = TSAVINGi(t - DT) + DT.SAVINGi(t) .

The variable SAVING can, however, be positive or negative depending

upon the extent of DISPIN and/or CONEX. The residual constitutes the

cash balance which reduces if saving is negative, i.e. if the cash

expenses are higher than the disposable income. To augment the cash

balance, which must always be positive (3_0) by definition, farmers

will have to borrow or sell land. Assuming that farmers will not

sell land right away but will try to borrow money from every source,

institutional or non-institutional, depending on the credit avail-

ability, the cash balance fund then is the accumulation of cash

money obtained from all sources and is given by

(103) CASBALi(t) = CASBALi(t- DT) + DTESAVINGi(t) + ACREDITi(t)]

+ BORROWi(t)

where



 

 

 L
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CASBAL

ACREDIT

cash balance (TK)

total agricultural credit taken for crop production

purpose (TK/year)

The variable BORROW is the amount of money needed to make cash balance

always positive. In other words, whenever CASBAL becomes low , there

must be a borrowing and so

(104) BORROWi(t) = -CASBAL1(t)

if and only if CASBAL is negative.

Borrowing and repayment is a continuous process and the debt

is built up over time, constituting the part of the loan that is non-

repayed. The amount of debt is obtained as

(l05) DEBT1(t) = DEBTi(t - DT) + BORROWi(t) + DTIRTINTi(t) - DEBTi(t)

- PRIi(t) + ACREDITi(t)]

where

DEBT total debt due (TK)

RTINT rate of interest charged (TK/year)

At any time t the loans are made in two ways, by ACREDIT

for agricultural production purpose and BORROW for replenishing the

cash balance, while the variable DEBT signifies the class's indebted-

ness. The total borrowing that the class makes over time is cumulated

as

(106) LOANi(t) = LOANi(t - DT) + BORROWi(t) + DT ' ACREDIT1(t)
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which reflects the class's extent of borrowing. However, the repay-

ment is made on the basis of outstanding unpaid debts. The repayment

schedule depends on farmers' decisions, cash availability, extent of

debt, etc. Presently it is determined as

(108) PPIi(t) = GB ° DEBTi(t)[l + RTINTi(t)]

GB = a function of indebtedness, income and cash balance that

influences the repayment schedule. (Currently taken as a

constant.)11

The rate of interest RTINT varies with the class's institutional

affiliation. It is assumed that the members would be charged a lower

rate of interest by the institutional sources, while non-members

have to seek the loan from non-institutional sources who would charge

a higher rate.

AccountinggComponent

The accounting of the system outputs and computations for

performance criteria are done in this component. Accounting is done

for two time periods: season and year. In general, yearly accounting

is used to obtain values for the performance criteria while seasonal

accounting provides information that is useful for decisions as well

as for keeping track of the performances. Besides obtaining dis-

aggregated values of the indicators by classes and crops, aggregated

 

1]when 53 is taken as equal to 1, it means that the debt service

schedule is one year; if G3 = 2, the schedule is six months, and so

on.
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values are also obtained for the region as a whole by summing across

the classes and the crops. 1

The seasonal output production of a crop variety is given by

8

(l08) SPRDan(t) = g SOPTijn(t)

and the total production of rice in the region is

(109) SPRDn(t) = E SPRDan(t)

where

SOPT = cumulative seasonal output of a variety by a class (mds.)

SPRDV = total output of a crop variety (mds.)

SPRD = total production in the Thana (mds.)

all of which were computed earlier. The output produced by the class

similarly is given by

(110) SPRNEWin(t) = SOPTijn(t)

L
J
.
M
I
\
)

while the quantity of produce received by the class is given by

(t)

2

(111) SPRDLin(t) = g SAVLOijn

where SAVLO is the summation of output available to producers.

The seasonal uses of chemical fertilizer is simply given by 12

8 2

(112) SFERTn(t) = § § 3FERTijn(t)

 

leince FERT is expressed in terms of Urea and other kinds of

chemical fertilizers are used in 2:3:l proportion. The total amount

of chemical fertilizers used in terms of Urea amount is 3FERT.
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and that of seed by variety is

8

(113) SSEEDan(t) = : SSEEDijn (t)

The seasonal family and hired labor use and total employment have

been computed by class in the production component. In this com-

ponent the seasonal accumulation of these variables is done in the

following manner:

8

(114) SHDLABn(t) = Z SLABH. (t)

i=l "'

8

(115) TFMLABn(t) = Z SFMLA81n(t)

i

8

(116) TLHLABn(t) = Z SLHLA81 (t)
1 n

and

8

(117) TLABn(t) = Z SLA81n(t)

i

where

SHDLAB = total seasonal hired labor used (mandays)

TFMLAB = total seasonal family labor used (mandays)

TLHLAB = total seasonal wage labor employed (mandays)

TLAB total seasonal employment (mandays)

The seasonal totals of labor use, as given above, are

obtained by summing their outputs over the cropping seasons from

beginning to end. It may be of interest to note the distribution of

labor use patterns by month, or by some other time period, in order

to enquire into the peak labor demand and the extent of employment.

To obtain such a time profile of labor use the following accounting
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equations have been introduced. For any time period p (expressed

in terms of DT), the total hired labor used in harvest work is obtained

as

(ll8) EMOHijp(t) = EMOH1jp(t - DT) + DTEHLH1jn(t)J

and that in pre-harvest work is given by

(ll9) EMOPijp(t) = EMOP1jp(t - DT) + DTEPLHijn(t)J .

The total hired labor used is therefore the sum of the above

two equations so that

(120) EMoijp(t) = EMOPijp(t) + EM0H1j (t)

P

where

EMO = total hired labor used in crop production in the time

period (mandays)

EMOP = total hired labor used in pre-harvest work (mandays)

EMOH = total hired labor used in harvest work (mandays)

The total hired labor used by the class is then

2

M .. ,§ E 01Jp(t)(121) HIRM01p(t)

obtained by adding hired labor used in all crop varieties.

The family labor and wage labor used are given respectively

as

(122) 6M01p(t) = GMO1p(t - DT) + DTEFMLABi(t)J

(123) WAGM01p(t) = WAGM01p(t - DT) + DTELHLA81(t)]
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where

GMO total family labor used for all crop varieties (mandays)

WAGMO total wage labor used (mandays)

and FMLAB, LHLAB are as defined earlier.

Finally, the total employment EMPMO provided by the crop pro-

duction to a class in any time period, p, is simply obtained as

(124) EMPMO1p(t) = WAGMO1p(t) + GMO1p(t)

where EMPMO is expressed in units of mandays.

In addition, the seasonal hired labor and total labor use

are disaggregated by variety so that they are obtained as:

8

(l25) SHLABF1n(t) = 1 SHLA81]n(t)

8

(l26) SHLABSZn(t) = g SHLA812n(t)

and

8

(l27) SHLABEjn(t) = g LAB1jn(t)

where

SHLABF = total seasonal hired labor used in local varieties

(mandays)

SHLABS = total seasonal hired labor used in HYV (mandays)

SHLABE = total seasonal labor used in each variety (mandays)

The consumption of produce is accumulated for the season is given by:

(t - DT) + DT - CONS(128) TCONSijn(t) = TCONS. )
1jn i.;in(t

and the seasonal consumption by class is obtained as:
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N

(129) sc0N5L1n(t) = 1 Tcohs1jn(t)

The seasonal consumption of rice for all classes is then simply,

8

(130) SCONSn(t) = Z SCONSL1n(t)

i

where

SCONSL = seasonal consumption by classes (mds.)

SCONS = seasonal consumption in the Thanas (mds.)

Similarly the sales and purchases of produce are cumulated for the

season so that:

(131) SSALESin(t) = SSALE51n(t - DT) + DT - SALE51n(t)

and

(132) SSPURCH1n(t) = SSPURCH.n(t - DT) + DT ° PURCH1n(t)
1

and the seasonal sales and purchases of rice by class are given by

2

(133) TSALESin(t) = g SSALE51n(t)

and

2.

(134) TPURCH1n(t) = z SSPURCH1n(t)

3

In the Income Component the financial transactions have been

computed for determining cash inflows and outflows. In this com-

ponent some economic accounting has been made regarding costs and re-

turns of crop enterprises so as to reflect their economic perfor-

mances.

The value of output produced by the class in a given season

is determined by the equation
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(135) V0UTPUT11n(t) = AVPR1n(t) 0UTPUT1jn(t )

where

VOUTPUT gross value of produced output (Taka)

AVPR average price prevailing during the season (Tk/md)

To determine the profits earned from the crop enterprises,

total cash costs are deducted from the gross value of output so that

(136) PR0FITA11n(t) = (V0UTPUT11n(t) - TCSHCSTU«(t))/ARA

6

1111(t)

where

PROFITA = gross return per acre from the crop enterprise

(TK/acre)

The cost per acre in the cropping enterprise is determined

simply by

(137) COSTCC (t) = TCSHCST11" (t)/ARA.
ijn ijn(t )

where

COSTCC = cash cost expended in the crop (TK/acre)

An aggregated figure for cost incurred in a crop variety is also

obtained as

8 8

(138) COSTA1n(t) = 2 TCSHCST/z ARA11n(tt)

and similarly that for return is given by

8

(139) RETURN11 n(t) = z VADFAM11n(t)/z ARA11n(t )

where
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COST = average cash cost in the seasonal crop enterprise

(TK/acre)

RETURN = average gross return over COST in the seasonal crop

enterprise (TK/acre)

The return over cash costs actually includes values of family

provided inputs e.g., labor, land, materials, capital and management

services, as well as pure profit. As such the return over cash costs

represents the value added by family and the numerator of the equation

is the total value added by family for the class as a whole so that-

(140) VADFAM11n(t) = BETA.VOUTPUT11n(t) - TCSHCST11n(t)

The VADFAM is regarded as the class earning from the seasonal crop

enterprise. However, from an economic point of view it is also

necessary to estimate how much of a lift the agricultural sector has

received from the crop enterprises. The valued added by agriculture

is defined as the return over cash costs incurred due to inputs

originating in non-agricultural sector so that

(141) VADAG. (t) = VOUTPUT. (t) - TXNAG1jn(t)
1jn 1jn

where

VADAG = value added by agriculture (TK)

TXNAG = total case cost of non-agricultural sector inputs (TK)

The value added by agriculture and by the family are computed

seasonally so that they may be summed over the seasons to obtain yearly

indicators. They are expressed both by class and by variety so that

for the class,
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(142) VADADUM1n(t) = g VADAG11n(t)

2

(143) VADFDUM1n(t) = g VADFAM1jn(t)

and for the varieties,

8

(144) CVADAGjn(t) = 1 VADAG11n(t)

8

(145) CVADFAMjn(t) = g VADFAM11n(t)

where

VADADUM = class seasonal value added by agriculture (TK)

VADFDUM = class seasonal value added by family (TK)

CVADAG = variety seasonal value added by agriculture (TK)

CVADFAM = variety seasonal value added by family (TK)

The seasonal total of value added by agriculture and by family

are given respectively by

2

(145) SVADAGn(t) = ; CVADA61n(t)

J

2

(147) SVADFAMn(t) = z CVADFAMjn(t)

J

Yearly Accounting
 

In this sub-component the system outputs are obtained in the

form of yearly variables and are transformed into some measurable

indicators that serve as performance criteria of the disaggregated

classes. The yearly variables are derived either through summation

of the seasonal variables through accumulation (integration) of the

fine time variables (i.e. OT) and are transformed to indicators by
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simple aggregation. While there are many output variables present

in the model, only a few of them have been considered to serve as

performance criteria that are relevant to our purpose.

The yearly variables are computed as

3

(148) TPRDL1(t) = z SPRDL1n(t)

n

3

(149) TPRov1(t) = z SPRDV1n(t)

n

3

(150) TPRD1(t) - i SPRD1n(t)

where

TPRDL = yearly available output by classes (mds.)

TPRDV yearly production by varieties (mds.)

TPRD total yearly production of rice in the Thanas (mds.)

The yearly per capita output available to a given class is

(151) PCPRDL1(t) = TPRDL1(t)/POPN1(t)

The total yearly requirements of chemical fertilizer and seed13 are

simply given by

3

(152) TFERT(t) = 2 SFERTn(t)

n

and

3

(153) TSEEDV1(t) = 2 SSEEDV1n(t)

n

 

1

'SSeed requirements expressed here in terms of rice weight. To get

paddy weight multiply by the ratio g9.
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where

total chemical fertilizer required in the year (mds.)TFERT

TSEEDV total seed requirement by variety (mds.)

The yearly accounting of family labor used in cropping enterprises,

wage labor offered and total employment are given by classes by the

following equations:

c
o

(154) YFMLAB1(t) = Z TFMLAB1n(t)
(
A
)
:

(155) YLHLAB1 (t) z TLHLAB1n(t)

(
A
)
:

(155) YLAB1(t) Z TLAB1n(t)

:
3

where

YFMLAB - total yearly family labor used (mandays)

YLHLAB total yearly wage labor employed (mandays)

YLAB total yearly employment of human labor (mandays)

The extent of labor use in agriculture is given by the ratio

of human labor employment in crop cultivation and available family

labor so that

(157) RTEMPL1(t) = YLAB1(t)/FAMLAB1(t)

where

RTEMPL = proportion of available labor use in agriculture

The yearly total consumption of rice by different classes is given by

(158) TTCONSL1(t) = 2 SCONSL1n(t)

n

while that for the Thana is obtained as
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. 3

(159) TTCONS(t) = X SCONSn(t)

n .

where

TTCONSL

TTCONS

yearly total consumption of rice by classes (mds.)

yearly total consumption of rice for the region (mds.)

The classwise per capita consumption is then computed yearly as

(160) PCCONY1(t) TTCONSL1(t)/P0PN1(t)

and daily as

(161) PCCOND1(t) = PCCONY1(t) K4

where

PCCONY = yearly per capita consumption of rice (mds./year)

PCCOND = per capita consumption of rice per day (oz/day)

and K4 = conversion ratio from mds/year to ounce/day.

To obtain nutritional intake from rice the PCCOND is again

converted into nutritional units as

(162) CALPDA1(t) = PCC0N01(t) ° K5

where

CALPDA = nutritional value received from rice (calories/day)

K5 = conversion ratio.

The TPRDL1 denotes the total foodgrain received by the class

while TTCONSL denotes total foodgrain needed for consumption. The

marketable surplus is determined as the difference between them so

that
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(163) PFSURP1(t) = (TPRDL1(t) - T1c0N5L1(t))/FAM1(t))

where

PFSURP = yearly marketable surplus of food grain per family

(mds.)

In general, sales of foodgrain would be made if PFSURP is

positive and purchase would occur when PFSURP is negative. However,

since the actual sales and purchases would be determined by the inter-

action of many variables at each time period, they may be different

than the marketable surplus expressed by PFSURP. In order to observe

such patterns we have also obtained the yearly sales and purchase

quantities by

(164) PFSALES1(t) = YSALES1(t)/FAM1(t)

and PFPURCH1(t) = YPURCH1(t)/FAM1(t)

where

PFSALES = yearly sales of foodgrains per family (mds.)

PFPURCH = yearly purchase of foodgrains per family (mds.)

YSALES = classwise yearly sales of foodgrains (mds.)

YPURCH = classwise yearly purchase (mds.)

the yearly totals of sales and purchases being obtained as

3

(165) YSALES1(t) = Z TSALES1n(t)

n

~ 3

(166) YPURCH1(t) = Z TPURCH1n(t)

- n

The value added by agriculture and by family are calculated both for

the classes and for the varieties for analytical purposes. For the
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classes they are given by

3

(167) TVADAG1(t) = Z VADADUM1n(t)

n

3

(168) TVADFAM1(t) = Z VADFDUM1n(t)

n

and for the varieties they are

3

(169) VVADAGj(t) = z CVADAGjn(t)

n

3

(170) VVADFAM1(t) = 2 CVADFAM1n(t)

n

where 1

TVADAG = classwise value added by agriculture (TK)

TVADFAM = classwise value added by family (TK)

VVADAG = varietywise value added by agriculture (TK)

VVADFAM = varietywise value added by family (TK)

The total yearly value added in the Thana by agriculture and by family

are respectively given as

3

(171) YVADAG(t) = 2 SVADAGn(t)

n

3

(172) YVADFAM(t) = 2 SVADFAMn(t)

n

Of particular interest to us is to find the farmers' yearly

earning in the Thana. The classwise yearly earning is obtained by

adding farmers' total incomes from all sources so that

(173) ERNG1(t) = TVADFAM1(t) + TWAGE1(t) + FAM1(t)
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The yearly per capita and per family earning is therefore obtained

as

(174) PCERNG1(t) = ERNG1(t)/POPN1(t)

(175) PFERNG1(t) = ERNG1(t)/FAM1(t)

which serves as income indicators for the classes.

Other financial indicators are obtained for classes as

(176) PFINC1(t) = TDISP1(t)/FAM1(t)

(177) PFSCBL1(t) = CASBAL1(t)/FAM1(t)

(178) PFDBT1(t) = DEBT1(t)/FAM1(t)

(179) PFLOAN1(t) = L0AN1(t)/FAM1(t)

(180) PFSVG1(t) = TSAVING1(t)/FAM1(t)

(181) PFCRDT1(t) = CREDIT1(t)/FAM1(t)

(182) PFTAX1(t) = XTAX1(t)/FAM1(t)

where

PFINC = yearly per family dsiposable income (TK)

PFCSBL = per family cash balance at year end (TK)

PFDBT = per family indebtedness at year end (TK)

PFLOAN = per family loan taken during the year (TK)

PFSVG = per family cumulative savings (TK)

PFCRDT = per family yearly agricultural credit (TK).

PFTAX = per family yearly tax paid (TK)
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Aggregate total agricultural credit (TCREDIT), loan (TLOAN),

and tax (TTAX) are obtained by simply summing respective class totals

so that

(183) TCREDIT = 1 CREDIT1(t)

(184) TLOAN = 1 L0AN1(t)

(185) TTAX = 8 XTAX1(t)

1

all being expressed in Taka unit.

Estimating Changes in the Price Variables
 

It is obvious that the region for which the model is con-

structed is too small to have power in setting different input and

output prices. As such prices are exogenously given to the model on

the basis of national averages. While the model can be initialized

with existing price data, it also needs price data for the projec-

tion period. The projection of future prices in itself is a dif-

ficult task, requiring a great deal of information and work, and is

marred with uncertainty. The present work is not well suited to an

endeavor in this area, and indeed, such an undertaking would constitute

a deviation from our main concerns. However, in order to satisfy the

demands of the present study we have introduced some simple equations

to estimate dynamic changes of future prices so that the estimating

equations provide at least a basis for our purpose.

The general mechanism involved in this method is to linearly

increase base prices at a certain rate of change determined from

either the past trend, from indications of government's future price
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policies, or from intuitive guesses. It is to be understood that in

Bangladesh, input and output prices are determined by the government's

intervention either through its control over the supplies or through

its price policies. This does not, however, mean that market prices

are always stable, especially when goods are in short supply and the

markets are in distant rural areas. However, this mechanism is seen

as a means to control violent fluctuations in the prices and is

accepted as the basis upon which dynamic changes are projected.

The base product price is determiend by the following equa-

tion:

(186) AVPR1(t) = AVPRZE01(t)[l + RTPR1* T]

where

AVPR = average price of the product to prevail (TK/md)

AVPRZEO = the base average price in the beginning of pro-

jection (TK/md)

RTPR = rate of change of product price (dimensionless)

T = time variable.

The value of RTPR, which represents a combined change effect

on product price due to normal inflation, demand-supply disequilibrium,

etc. is determined exogenously. As expressed by the above equation,

the average price would be linearly increasing at a rate given by

RTPR which would be sufficiently stable. The fluctuation that occurs

in the market price is taken to be due to the seasonal variation.

It has been observed that the price remains higher than the average

price before harvest starts, while it comes down after the harvest
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period as the commodity supply increases. Using the past trend of

seasonal price variation an index is constructed which provides a

pattern of price fluctuation. The market price is determined as

(187) PRICElj(t) = AVPR1(t) - SINDX

where

PRICE1 buying price of the commodity (TK/md)

SINDX seasonal index by month (dimensionless)

The market price PRICEl is actually a price at which the

commodity can be purchased. It is assumed that the selling price of

a commodity would be marked down by as much as 10 percent, so that

farmers' farmgate price of the commodity is

(188) PRICE21(t) = 0-9 PRICE11(t)

where

PRICEZ = selling price of commodity (TK/md).

On the input side, the price of seed is determined from the

average product price existing in the beginning of the season as

(189) PRSj(t) = K6 * AVPRj(t)

where

PRS price of seed (TK/md)

K6 mark-up proportion (taken as constant).

Since AVPR is the price of rice and PRS is that of paddy, the constant

K6 takes care of the conversion as well.
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The wage rate of labor is also determined in the same way so

that

(190) WGRT(t) = WGRTZEO(t) [1 + RTW * T]

where

WGRT = labor wage rate (TK/day)

RTW = rate of change in wage rate

WGRTZEO = initial wage rate at the base period (TK/day)

T = time variable.

The prices of inputs which are controlled by the government,

e.g., fertilizer, irrigation, plant protection chemicals, etc. are

expected to be more stable. Generally the government fixes the price

levels of these inputs in one year and keeps it unchanged for long

periods until it is refixed again. When the proCurement price be-

comes higher, the government pays subsidies with a view to keeping

the input prices low for the farmers. Assuming that the present

prices will be refixed at some point of time during the run period

in order to cope with the international inflationary pressure, the

future prices of fertilizer and irrigation are estimated as

(l9l) PRF1(t) = PRF1(t) [l + RTF * DVARl]

and

(192) PRI1(t) = PRI(t) [l + RTI * DVARZJ

where

PRF = combined fertilizer price expressed in terms of

crop in proportion of 2:3:l:2 for Urea, TSP,

M.O. and oilcake (TK/md)
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PRS = irrigation water charge (TK/acre)

RTF = rate of change in fertilizer price

RTI = rate of change in irrigation change

DVARl, DVARZ dummy year at whcih the prices are refixed

The step function form of the above equation depicts the change

only for the time when the prices are refixed and remains constant

during the run period.

The prices of other inputs including the interest rate are

given exogenously at the initiation of the run and are kept constant

for the duration. This has been done under the assumption that

either their prices will remain unchanged or that even if they change,

the effect on the farmers will not be appreciable, since these are

minor inputs with minimal use.

A Note on Data Usage
 

Data used in the model fall under three general groups:

1) behavioral system parameters, 2) technological coefficients and

3) initial conditions. The system parameters define the behavioral

characteristics of the system; the more accurate they are, the better

the model structure represents the real system. Technological co-

efficients provide information about the state of technology involved

in the system. The initial conditions are the initial values that

are given to the model to start the first cycle of computations.

Most of the system parameters and technological coefficients are

kept constant during a simulation run, under the assumption that

they are unlikely to change within such a brief time. Those which
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are expected to change have been expressed as variables with the

initial values given and the nature of dynamic changes defined by

equations. For many of the variables the values are endogenously

determined from the exogenous variables through interconnections.

Data for these parameters, coefficients, and initial condi-

tions are made available from primary surveys conducted by Comilla

Academy, from secondary published sources, and from tertiary data

worked out from the primary and secondary sources. For values which

are not up-to-date or available at all, guesstimates have been made.

Experts' opinions and the author's personal experience were called

upon to check the accuracy of such guesstimates but they could not be

authenticated. Nevertheless, it should be understood that the data

base is weak, and has been employed tentatively in order to operate

the model.

Insofar as this study is concerned, the accuracy of results

has not been the primary issue of concern; the main issue has been

the viability of the model. Accurate results would depend upon the

availability of accurate data, which has not been assured. It is

anticipated that the model would serve its purpose if it proved to

be workable and effective. Data requirements can be fulfilled in the

field eventually after the model is found to be worthwhile.

Data used for operationalizing the model are contained in the

computer program given in the Appendix. Further refinement and timing

of the model as well as of data has been pursued in the course of the

validation tests conducted in the next chapter.



CHAPTER V

MODEL VALIDATION AND TESTS OF SENSITIVITY

Introduction
 

The computer simulation model, as presented in the last

chapter, has been subjected to various tests to ascertain its validity.

The basic idea behind conducting such tests is to examine how well the

model simulates the interacting complex behavior of the real system

that it is supposed to represent. Model building work by itself_is

an iterative process of testing, refining, tuning and validating

(Manetsch et al., 1971). Such a process is ongoing as long as the

model is in use, and even after it is implemented, so as to include

new information derived from the system and so as to sharpen the

model structure to make it represent reality more accurately. Tests

of the model, as described in this chapter, are intended to evaluate

its consistency and workability. The model was subjected to these

tests in order to establish confidence in its ability before it is

used, in the next chapter, to simulate the consequences of policy

decisions.

Even though validation of the model is important for estab-

lishing its credibility, this is by far the most difficult of all

tests. The simulation model projects output values for an unknown

future which cannot be verified by reference to empirical information.

140 ‘
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In some cases, even past time series data are not available for com-

parison. The difficulty of model validation is all the more apparent

when new situations, for which little knowledge is presently available.

are being explored in the simulation. The validation tests of veri-

fication and viability, in such a case, have to be based upon what-

ever information is available, and on intuitive judgement. The guiding

principles, then, rest on some objective tests of the model, e.g. its

logical consistency (both internal and external), clarity and

workability (Johnson, 1972; Johnson and Zerby, 1973). The consistency

test examines whether the model matches established analytic concep-

tions and bears a logical relationship with their past, present and

future attainments. The ambiguity or vagueness of the model is checked

through a clarity test, while a workability test checks the viability

of the model and its usefulness for the solution of practical problems.

The clarity and workability tests by themselves also entail a check

on the internal and external consistency of the model.

The methods by which these tests have been carried out are

indicated below. Due to the problems mentioned above, the methods

used were primarily intuition and judgement drawn from experience

and common sense. The methods used were more eclectic than selective.

They were not of a deterministic sort.

The first method of validation employed was to compare the

model structure and the behavior it simulates with the real system.

Experts who have intimate knowledge of Comilla and Bangladesh were

consulted to obtain their intuitive judgements about the degree to

which the structure of the model represented reality. In this
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respect the author's personal work experience gained through long

association with the system was very useful. The author also availed

himself of direct consultations with experts on the systems simulation

approach. The viability of the present model is largely the consequence

of this pooling of the intuition, knowledge, and experience of many

experts at M.S.U.

A second method employed for model validation was to compare

simulation outputs with historical information, in those instances in

which it was available, or with similar conditions. For this purpose,

published sources of secondary data were particularly helpful in

tracking time series.1

Finally, sensitivity tests were conducted to identify model

parameters which carried more than or less than proportional changes

in the output values when the parameters values were changed. The

objective of such sensitivity tests is twofold: to validate the

internal consistency of the model, and to pinpoint input variables and

parameters for which the data needs improvement.

General Validation
 

In pursuance of the general validation of the model a number

of consistency and workability checks of which a few are mentioned

here, have been made with the model results to determine if the model

equations are able to simulate the real system behavior effectively.

The primary means adopted for this purpose has been either internally

cross checking the output results obtained from various equations or

comparing them with data obtained from externally available sources.
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In cases where mathematical identities exist between two or more sets

of equations their results were checked to see if the identities

held. For example, equation (27) defines, for any time t, a harvest

rate, RH11n(t), via a mathematical function SEAVAL which distributes

the total output produced over the entire harvest period. If SEAVAL

is working correctly, the cumulative total of harvested output during

the season or year must be equal to the product of cultivated acreage

and the corresponding yield rates, as expressed in the equation

T
2

’11 RHijn
(X)dX = ARA11n * XLDA11n

for any season or year.

In Table V.l the numerical results obtained from both equations

are shown. It has been found that except for integration error the

identity relationship is well satisfied.

Besides generating data the FARM component is involved in the

two crticially important functions of dealing with inter-class trans-

fers within the farmer categories, and with sharecropped land alloca-

tion between the categories. Inasmuch as modelling of these functions

mathematically was important but complicated, checks were conducted

to make sure that the model equations were working consistently. In

a situation of inter-class transfer, a nonmember farmer of a particular

land holding category leaves his own class and joins the member class.

In doing so, he moves with his land and family members which there-

fore affects a numberof interrelated variables in the component. The

equations (1) to (13) are devised so as to capture this process of

transfer. Their ability to do so has been checked through the results
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Table V.l: Consistency Check on Production Equations

Crop output(jn mds.) determined by1
 

 

1

2
Season Crop Variety (T RH11n(X)dx ARA1jn*YLDA1jn

1

BORO LOC 2302.4 2299.5

va 218955.8 218998.l

Sub total 221258.2 221297.5

AUS LOC 13752.4 13755.5

va 34354.7 ‘ 34357.7

Sub total 48117.1 48124.2

AMON LOC 59524.1 59514.2

va 123812.8 123811.5

Sub total 183436.9 183425.7

Year total 452812.2 ' 452847.5

 

1Production figures are shown for one class only in 1975 as an

example.
‘
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shown in Table v.2. A test run (Run 1) generates the class data for

families (FAM), population (POPN) and land under possession (LAND) in

a reference year. Run No. l was made without any transfer while an-

other test run (Run No. 2) was made with transfer by giving a value

to the rate of change in membership parameter (RTM) in equation (1).

Comparing the results of the two runs, it has been found that for

identical totals for the reference year, Run 2 was able to effect

transfers of all the variables in question from one class to the other.

The inclusion of share cropped land in the FARM component of

the model complicates the allocation further as it involves inter-

category transfer over and above the normal process of dynamic inter-

class transfers. A thorough check has to be made to make sure that

the model equations adequately represented the whole process of land

allocation. Conceptually the following identities must hold in

order to make the allocating equations of share cropped land correct.

8

(l) 2 ARSD1 = 0

i=1

8 8 8

(2) z ARA1= z AROR1= 2 AR0W1

i=1 i=1 i=1

8 8

(3) z AVLOPT1 = z OUTPUT1

i=1 i=1

(4) AR0W1 = ARA1 - ARSD1

The model results for the one season shown as an example in

Table V.3 confirm that the identity conditions are satisfied. It

has also been observed, but not shown here, that the conditions remain
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satisfied in a similar manner in every season throughout the run period

even when dynamic changes are introduced.

A more intricate check involving several equations has been

made in Table v.4 with the food grain inventory. Conceptually an

accounting identity exists between the yearly inflow of the inventory

and the outflow so that

STOG1(t-1) + TPRDL1(t) + TPURCH1(t) = TCONSi(t) + TSALESi(t)

+ STOG(t)'

that is the sum of foodgrain from last year's stock, plus this year's

produce and purchase should be equal to foodgrain consumption this

year, plus produce sold and the remaining stock. If any of the equa-

tions involved in generating the output is inconsistent, the inventory

would be unbalanced.

Table v.4: Consistency Check on Inventory1

 

 

 

 

Inflow Outflow

Source Variable Quantity Source Variable Quantit

(in mds) (in mds

Last year's STOG 65239 This year's TCONS 65757

stock brought consumption

forward

This year's This year's

production TPRDL 291107 sales STOG 68886

This year's Year end

purchase TPURCH 3577 stock STOG 68886

TOTAL 359923 359923 
 

1Inventory figures shown are of one class of farmers for one year.
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The farm component also allocates land under seasonal cultiva-

tion and under different varieties while the production component

computes the cost of production, human labor use and the yield rates.

Various controlling parameters of the equations are given values as

derived from the real system so that the equations can realistically

simulate the system. In Table v.5 some data generated by the models

are shown for comparison with data obtained from other sources. The

comparison has been made only for the initial year since data for

later years are not available from any source.

While many such checks have been made during the process of

validation, only a few are mentioned here as examples. These are

shown here to establish a preliminary credibility in the model before

more rigorous tests are described in the next section.

Analysis of Sensitivity Tests on Aggregate Performance Criteria

In this section some results of the sensitivity tests made on

the model are presented. The purpose of undertaking this analysis has

been indicated above. More specifically, sensitivity test analysis

performs at least three functions. It helps in understanding the

behavior of the model and in checking its logical consistencies as a

part of model validation. It also helps in indicating possible policy

directions and implications. Lastly, it can usefully indicate which

specific data elements, measured at what level of accuracy, will be

crucial to the performance of the model:l

 

1Data used in this study are to be found in the computer program given

in the Appendix.
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in the Appendix.



151

Though it might have been desirable, ideally, to carry out a

sensitivity test on each and every input variable or parameter in-

cluded in the model, so as to observe the impact of each of these on

all the output variables, such a task would have been voluminous.

Moreover, many input variables or parameters may have an impact upon

only a few of the output variables. With these considerations in

mind, our approach was to conduct sensitivity tests only on a few

exemplary cases which we thought to be of importance. The sensitivity

test method employedwas to vary the parameter values by an amount

subjectively determined beforehand and to observe the changes that

resulted in the performance variables selected. In order to estimate

the full effect of each input variable or parameter upon the output,

each run was made with an alteration in a single input or parameter.

When more than one parameter was tested, the output variables were

separated completely so that they were not affected by more than one

source. Comparisons of changes in the performance variables were

made against the base run values which had been obtained from the

model when run with initial values. However, intuitive feelings

rather than strict rules were followed to evaluate the degree of

sensitivity observed.

In Table V.6 results of 21 sensitivity tests made are in-

dicated. The performance criteria selected for the analysis are total

production (TPRD), total consumption (TCONS), total employment (TEMP),

value added to family (VADFAM), value added to agriculture (VADAG),

and per capita earning (PCERNG). These are all annual aggregate

values for the region as a whole indicating performance in the final
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year of the 8-year run period. Therdifferences between test run

values in that year and the base run values have been expressed in the

Table in terms of percentages; the sign shows the direction of

departure of the test run from the base run.

The sensitivity of the membership growth rate parameter is

examined in Run 2. While the base run assumes a constant increase of

2 percent net membership per year,2 it may be the case that there will

not be any further increase in membership if membership has reached

a plateau. Such a situation would arise if farmers manifested a lack

of interest or confidence in the cooperative institution. There would

be shortfall in almost all of the performance criteria if such a

leveling off of membership was not taken into account.

The results of run 1 show that total production and some of

the related performance criteria are sensitive to the membership

growth rate. Members characteristically produce more than non-members

and a reduction in membership would be expected to lower the total

production. The higher production in the class of cooperative members

results from the fact that, because of their motivation and training,

members (a) achieve more cropping intensity in land, (b) allocate

more land to high yielding varieties and (c) get comparatively higher

per acre yield than non-members. In fact, the test results also re-

flect the impact of the institutional factor upon the performance

 

2A slow rate of membership growth has been assumed because the coopera-

tive organization has passed through its early growth phase and by now

cooperative membership is reaching a plateau. The simulation run

starts at the upper asymptotic point of the S-shaped membership growth

curve where the slope is low.
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criteria as achieved through a better allocation of resources to

improved agriculture. As such, the base run assumes an unequal

adoption of improved agriculture and resource allocation which can

be modified if the evidence shows otherwise. If the adoption of

improved practices by non-members seems to be faster than for members

(as might be the case if non-members were seeking to catch up with

members) by the end of the run period the shortfall would probably be

reduced. Then the role of the institutional factor would decline and

the variable could show insensitivity.~ 0n the other hand, if the

growth rate of membership is fast, the membership characteristics as

stated above inherently would increase production, in which case the

variable would again record sensitivity.

In Run 3 the intrinsic rate of population growth is decreased

to 2.45% from 3% in the base run so that there was a l5% reduction in

population growth. Such a reduction in population growth could be

achieved if vigorous family planning education were conducted. The

variable, however, is only sensitive in relationship to total consump-

tion, which declines. A reverse effect would be expected if the popula-

tion grew faster than is assumed in the base run.

In Run 4 a test has been carried out with the land variable

by shifting about 3.9% to total land from the large farmer category

(over 5 acres) to the land poor category (less than 1 acre). This

test is specially directed to observe the effects of land redistribu-

tion in the region. The test variable has shown insensitivity in

relation to almost all of the overall performance criteria, although

their values were all non-negative. The reason for such behavior is
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that as long as the cropping intensity and crop yields in the shifted

land are maintained at the same levels, then total production is un-

affected by who it is that owns the land. Positive changes in the

total production and its related performance criteria resulted due

to the higher cropping intensity and/or higher yield rate of the

group which acquires the land. Since land is intensively cultivated

in this region, the positive effects on the performances are minimal.

If the distributed land had been fallow (i.e. zero cropping intensity)

the effects would be appreciable. .

Run No. 5 was made with a slightly higher rate of negative

change in the share cropping land in order to see how the performance

criteria would be influenced if land owners, discovering the benefits

of improved agriculture, decided to reduce their share cropping. The

test results show insensitivity of the variable. This happens because

the land withdrawn from sharecropping is then cultivated by the owners

themselves and therefore does not remain fallow. The slight change

that takes place reflects the productive characteristics of share

croppers. This aspect is more clearly observed in Run 6 where land

under sharecropping is raised from 5% to 10% with a similar rate of

change in the proportion (RTSH) as is in Run 5. Run 6 also confirms

the insensitivity of the sharecropping variable.

In Run 7 the land under Boro cultivation increases at a

faster rate than in the base run, mainly due to the greater avail-

ability of irrigation facilities. However, since almost all of the

Boro land is cultivated under HYV which, due to a longer maturation

time, encroach upon the Aus season, an increase in Boro cultivation
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will have a negative effect upon Aus season acreage. In fact, it

is estimated that by the end of the run year the land under Boro in-

creased by lD.3% over the base run, then the Aus crop would decline

by 8.7%, thereby leaving a resultant yearly increase of 1.3% in the

cropped area.

The test shows that the reallocation of land is somewhat

sensitive in relation to all performance criteria, for it increases

cropping acreage on the one hand and increases the yield rate on the

other due to a change in the cropping pattern in favor of HYV. This

provides an indication that increasing Boro cultivation, even at the

cost of decreasing Aus crop acreage, would be worthwhile. However,

no such scope exists in increasing Amon crop acreage which is pre-

sently at the maximum cultivation level.

But there does exist a possibility of changing the cropping

pattern both in the Aus and in the Amon season. In Run 8 slightly

higher rates of change in the proportions of land allocated under HYV

in Aus and Amon are accepted in conducting the test. All performance

criteria are found to be quite sensitive to these changes. Un-

surprisingly, the total production and the per capita earning variable

increase rapidly and new employment is created. This happens because

the higher rate of change in the cropping pattern brings 77% of the

combined Aus and Amon land under HYV at the end of the run, instead of

64% as obtained in the base run. Therefore, 18% more land is cultivated

under HYV in these seasons, which increased the total production by 5%.

Run 9 has been singled out to test the sensitivity of changes

in fertilizer use patterns among the farmers. In the base run it was
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assumed that the average fertilizer dose presently adopted by the

farmers will not change during the run period while in test Run 9 the

average dose was reduced by 30% after the first year of the run. The

test was made to examine the effect upon the performance criteria of

a reduction in fertilizer use, caused either by a fertilizer price

increase, scarcity, or behavioral change in the allocation of inputs.

It has been observed that all performances criteria are affected by

such a reduction. The variable affects production and earning, and

to a lesser extent consumption and employment. The reason is that

although reduction in fertilizer use will have an impact upon con-

sumption and employment, due to reduced production, the minimum levels

of consumption and employment will still be maintained.

Earlier while discussing Run 1 it was indicated that non-

members might adopt improved agriculture at a faster rate now in order

to achieve the level demonstrated by the cooperative members. If

this happens, then there would be no difference in the use of

fertilizer dose by the two groups of farmers. The Run 10 results

show that total performance would be affected by such farmer be-

havior. Although the variable expresses the behavioral pattern of

farmers, it is the physical input of fertilizer that makes the impact.

In Run 11 a parallel upward shift to the fertilizer response

functions is tested by introducing a 20% increase in the constant

terms. It envisages a new seed variety that would give higher yield

3
than the present strains. Since it is not possible to project any

 

3Already Bangladesh Rice Research Institute has brought out several

hybrid rice varieties, e.g. BR-3 and BR-4, that show higher yields

than the presently available HYV.
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marginal productivity estimate of those future varieties, the test

has been made with the assumption that 20% higher yield will be

obtained from the new varieties at the same level of fertilizer dose

and other inputs. The test shows that total production would increase

by 17% and value added by agriculture by 20%, at present prices. As

production would increase, so would value added to family and per

capita earning. There would be comparatively less impact upon employ-

ment and much less consumption.

Run 12 is conducted with reduced labor use, both in pre-

harvest and harvest work, which may occur due to the introduction of

labor saving mechanical devises or an increase in labor efficiency.

In the test run the variables are found to be sensitive in relation

to total employment in the region, which decreases. Total production

or consumption may not be affected and the variables may be in-

4 Insensitive to overall per capita earning criteria of the region.

general, the reduction in labor will be primarily aimed at decreasing

the use of hired labor and thereby minimizing the cash cost of pro-

duction and increasing the value added to family. On the other hand,

earning from wages would decline in the region so that there would

not be any perceptable change in the overall per capita earning (al-

though there will be an effect upon class earnings).

Run 13 tests the inpact of a higher availability of family

labor in the first six classes of farmers -- those holding up to 5

 

4For brevity the model has not been geared to consider the comparative

marginal loss or return to production by reduced labor and mechanical

devices. It is, however, assumed that reduction of labor beyond a

certain limit would affect production. However, the test values are

maintained well within such a limit.
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acres of land. It is assumed that the lower the land holding, the

higher would be the availability of family labor per acre, and that

therefore farmers holding little land would try to minimize the need

for hired labor by using more family labor. The results show that

farmers would thereby increase their value added to family. There may

also be a slight increase in total employment. But overall per capita

earning would not be affected, because a decrease in hired labor use

would reduce wages for some classes and cut costs for other classes.

Runs 14 and 16 are tested with a readjusted proportion of

wage labor employability; they will be discussed later as their

effects are significant for class performances rather than for regional

aggregates.

Run 16 assumes a higher cost ofinputs than the base run. The

price of fertilizer is increased by 50%, which would be equivalent to

the price level if the present subsidy were lifted. Similarly, the

irrigation charge is also raised by 40%. Assuming that the farmers

have been fully motivated to adopt improved agriculture, the use of

these kinds of inputs is inelastic, so there would be no effect on

production or employment. The effects, however, would be felt in the

reduction of value added and of per capita earning, since the total

cost of cultivation would increase. In other words, an input price

increase would be sensitive only in relation to the monetary aspect

of agriculture, rather than physical production.

Whether the assumption of inelasticity is valid or not is

difficult to prove at this time. No study is known to have been made

in this area to determine the price elasticity of demand for fertilizer.
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The assumption of inelasticity has been made by reasoning that such a

price increase is tantamount to a reduction of about 10% in gross pro-

fit per acre. When institutional credit is still available to cover

the increased cost, there would be little tendency to reduce the

quantity of input use.

But it might still be argued that in subsistence agriculture

an input price increase would influence farmers to be cautious about

input allocation. To examine this situation Run 16 was made with an

elasticity of -.4, considered as the extreme limit of elasticity. The

results show that all performances would then be affected by an input

price increase. Physical production falls due to a reduced use of

fertilizer, and value added variables decline due to the combined

effects of increased costs and reduced production.

Constant increases in the output price level and wage rate

are sensitive in relation to value added and per capita earning, as

is shown by the results of Run 18. It is believed that increased

profitability due to output price increases would induce farmers to

adopt improved agriculture at a faster rate and to utilize a greater

amount of modern inputs so that their production increases. Modelling

such responses that would occur in the allocating component has not

been included in the present model.

The results of Run 19 and Run 20, which involve respectively

the tax variables and the functional value of the consumption level

regulator, show insensitivity in relation to almost all performances.

The need for these runs will be fully apparent in the next section;

however, a little discussion here on Run 20 is relevant. In the
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base run the lowest value of FNI has been fixed at 0.75, so that the

consumption level would not fall below 75% of the normal grain intake

even if the available grain level in storage falls below this limit

during any period. Flexibility, due to the availability of unlimited

credit for buying the deficit grain, has been allowed. In other words,

the complete non-availability of food, if not malnutrition, was ruled

out. In Run 20 this condition is withdrawn and the consumption level

is forced to adjust to the storage level. The result shows high

sensitivity since total consumption declines by about 20%. This in-

dicated to us that the assumption made in the base run in this respect

is quite weak, and needs modification in the policy runs.

While all previous test runs were made with normal weather

conditions, Run 21 was carried out by subjecting the Thana to flood in

the Amon season in the 4th year of the run, and to drought in the Aus

season in the 8th year. The results shown, however, reflected only

the effect on the Aus season in the final year. The indicated de-

cline of all performances due to bad weather is not altogether unex-

pected. However it is difficult to pinpoint deterministically in

the model when such a weather condition will occur. Therefore the

test shows, at best, sensitivity of the weather variable in relation

to the performances in the region.

Finally, test Run 22 is made with changes in DT. It is in-

sensitive in relation to all but employment. Since labor use is

calculated by DT it also affects the seasonal labor use profile by

month, although the extent is quite low.
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Analysis of Sensitivity Tests on Class Performance Criteria
 

When test results are observed at the aggregate level they do

not reveal much about the effects on particular classes. In aggregate

analysis it is generally assumed that there are no significant dif-

ferences among classes of farmers; that these classes maintain equal

and uniform characteristics. That this is not so in reality is the

reason why a disaggregative analysis has been attempted in this study.

In fact, when the test effects are analyzed at the individual class

levels, a far more illuminating and interesting set of effects comes

to light. In rural development planning it is as desirable to bring

this information into focus as it is difficult to do so because of its

complexity and voluminousness. In this section a disaggregative

analysis is attempted, though in a simplistic manner, in order to

grasp the distributive effects of the sensitivity tests.

Tables V.7a through Table V.7i present the results only of

those test runs that are considered significant to class performances.

The class performance criteria selected for the analysis are: per

capita available output (PCPRDL), per capita consumption (PCCONY),

per family surplus food (PFSURP), total class employment (TEMPL),

per family earning (PFERNG), per family disposable income (PFINC),

per family loan taken during the year (PFLOAN) and per family total

savings (PFSVG). Except for PFSVG, which is cumulative, all perfor-

mance criteria are expressed in annual figures. The base run values

in Table V.7a are presented in absolute figures, while the test run

values in Table V.7b through Table V.7i are shown in terms of per-

centage departures from the base run.5

 

5Test runs are the same as those given in Table V.6.
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The class performance criteria values of 1981 obtained from the

base run are presented in Table V.7a. These values, though they are

not to be considered exact due to the stated data limitations, none-

theless provide a clear picture of the classic economic condition.

Per capita food availability varies among the classes, the near land-

less class (0—1 acre) being in deficit, while the rest of the farmers

are in surplus. Thelarger the farm landholding, the higher is the per

capita food surplus, the higher is income, and, as it accumulates over

the years, the higher also is savings. Although the Thana food pro-

duction shows an aggregate surplus, about 46% of the farmers in the

Thana are actually in a situation of food deficit. To subsist they

have to buy food. The earning power of these deficit farmers is

meagre. Since they do not have surplus food to sell, they have to

depend primarily upon their wages for money to buy food. These wage

earnings, however, are not sufficient. Their disposable income,

therefore, is constantly negative and they borrow continually. The

result is that over the years they accumulate a heavy debt.6

The income gaps among the classes of farmers are clearly

visible. Even between members and non-members of the same land hold-

ing category there exists some gap, apparently because of the dif-

ference in production level. Any change in these income distribution

 

6The cumulative negative savings in PFSVG is slightly unrealistic be-

cause of the two assumptions made in the base run on credit avail-

ability and fdod consumption level. The minimum food consumption level

is assumed to be 75% of the normal food intake, and to maintain that

level unlimited consumption credit is assumed to be available. These

assumptions have been made to restrict extreme malnutrition due to

hunger, even though they translate into considerable credit costs.
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gaps will result, however, from non-marginal changes in the individual

class performances resulting from system parameter or behavioral

changes.

Test analyses have been conducted so as to examine the impacts

of changes of the selected variables upon class performances. ’

Although the test variable land (LND) (in Run 4) has shown

insensitivity in relation to aggregate performance criteria, it is

found to be highly sensitive in relation to performances of the

affected classes. For near landless classes 1 and 2 among whom land

is distributed, per capita production increases, as does earning and

disposable income. As a result borrowing and negative savings of

classes 1 and 2 decrease substantially. A reverse effect is observed

in the performance of classes 7 and 8, from whom land is taken away.

Their income shows a decline, but the comparative loss is less than the

gain that accrues to the near landless class. Due to the higher

efficiency of member farmers in class 1 (i.e. higher cropping in-

tensity, improved cropping pattern and higher yield rate), this class

comes to have a surplus in food, and so improves its income more than

the non-member farmers in class 2, who still maintains a deficit in

per capita food production. The extent of gain in these classes de-

pends, however, on the volume of land redistributed. 0n the whole

only those classes that are directly involved by the land redistribu-

tion are affected and one class gains at a cost to another.

The variable RTA, which indicates the rate of change of land

under cultivation (in Run 7) affects class performances less than the

changing variable RTH that defines rate of change of land under HYV
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(in Run 8). This is so because of the limited capacity of RTA, as

discussed earlier, which puts a constraint on increases in the cropping

area. The capacity to change cropping pattern is greater for RTH than

for RTA. RTA is much less sensitive in relation to classes 6 to 8

than in relation to classes 1 through 5 because of the higher

cropping intensity of the latter classes. 0n the other hand, higher

production due to the transfer of more land under HYV (in Run 8) helps

to better the income criteria of all classes. The wage earning classes

(1 through 4) are helped by increased employment as much as by the in-

crease of food availability; these factors have a positive impact on

their income performances. Still, the sensitivity of RTH is higher for

performances of member classes, and the larger the farm the greater is

the impact.

The fertilizer response function coefficient A (in Run 11) is

highly sensitive in relation to performance criteria of all classes,

in the same way as was observed in the case of the total performances.

Since this variable is related to changes in the production function,

the change in production and income is uniform for all classes. The

extent of impact depends upon the amount of land under cultivation so

the large farmers get more absolute benefit than the small farmers. A

positive change in the variable A tends to minimize the deficit of

near landless farmers, which helps to better their financial condition

without putting any stress on other classes.

Reduction of labor use through the variables PVLA and HVLPOU

(in Run 12) affects the employment performances of wage earning classes

1 through 4 which provide hired labor. Since reduction in labor use



181

is primarily directed towards reducing use of hired labor, the employ-

ment performances of the non-wage-earning classes 5 through 8 are not

changed. As earnings from wages are reduced, the income of the wage

labor classes, aminly the near landless classes 1 and 2 which pro-

vide most of the hired labor, declines, while that of labor hiring

classes increases due to wage cost saving. The variables are there-

fore sensitive for all classes -- classes 1 through 4 which experience

changes in the direction to which the variables are changed and classes

5 through 8 that experience it in the opposite direction. However,

if the reduction of labor use comes about mainly through the use of

mechanical devices and not through labor efficiency, there would be a

cost which would reduce the amount of saving by the labor hiring

classes. In such a case, income performances of the labor hiring

classes would remain more or less unchanged. Despite sensitivity of

the effect on income perfdrmances of the various classes, the regional

totals are little affected since labor variables affect income trans-

fers within the system.

The variables U2 and PPWL (in Run 15), also dealing with labor

use, have earlier shown insensitivity in relation to total performances.

The test is made with increased use of family labor (U2) which would

tend to reduce hired labor use. The parameter PPWL that distributes

the wage labor employment among the wage earning classes 1 through 4

proportionally according to labor availability is modified so that the

near landless classes get a greater share of the employment. The use

of these two variables in the test resulted in increased family labor

use, and in reallocation of the reduced hired labor use among the wage
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earning classes. When effects on class performance are considered the

variables are found to be sensitive. The wage savings from higher

family labor use help to reduce the cost of cultivation and to in-

crease income, but have a negative effect on the employment and income

of the wage earning class. 0n the other hand, concentration of hired

labor employment on classes 1 and 2, as defined by the values of PPWL,

reduces hired labor employment in classes 3 and 4. As an employment

allocating parameter, PPWL has no effect whatsoever on total perfor-

mance criteria, but it is of importance with respect to class income

performances. It has also been observed that the variable is sensitive

since it affects income performances, and a misplaced weighting could

lead to changes in them. This has been shown by test results in

which a heavy concentration of hired labor employment in classes 1

and 2 has increased their income by reducing that of classes 3 and 4.

As a result, it is believed that the value of PPWL, which is short

of being accurately specified either in the base run or in the test

run, has to be determined precisely.

The input price increase (RTF, RTI), together with a decrease

in fertilizer use (RTFU), affects production and income criteria of

all classes (in Run 17). The income performances are decreased by a

combination of factors: decreased production due to lower doses of

fertilizer, decreased employment due to lowered production, and in-

creased cost.

In the absence of a discriminatory price increase, all class

performances are affected in proportion to their input use and in the

direction in which prices are changed. The parameters involved in
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this test are more sensitive to performances of those classes, partic-

ularily those of the members who use modern inputs more than others.

On the other hand, output price increased (in Run 18)

significantly help those classes which have marketable surpluses to

increase their income, and put pressure on those who are indeficit,

because the increased cost of food purchases out weighs the increased

earning from higher wages. Thelarger farmers who have larger surplus

food stocks get bigger profits and accumulate more savings. The

variable therefore is highly sensitive for income performances of

all classes. The tax variable (in Run 19), however, affects incomes of

only classes 5 through 8 whose disposable income has been taxed. As

a result income performances of the first 4 classes remain steady while

those of the last 4 classes decline.

The test with parameter VALFNI (in Run 20) indicates some

significant effects on the class income performances. When the forced

restriction on minimum per capita consumption level is withdrawn, let-

ting it fall if needed instead of maintaining it at 75% of normal in-

take as assumed, the simulation allows people to go to a low level of

food consumption for a short period while stocks are low and are being

replenished. This drastically cuts down the class total consumption

and reduces the extent of purchase as well as the credit needed for

the class. As a result debt accumulation slows down, which reduces

the depletion of disposable income. The variable has been observed

to be highly sensitive among those farmers having less than 3 acres

of land, especially among the food deficit classes. The sensitivity

of the variable is low among the large land holding classes. In
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this run extreme malnutrition and human misery due to hunger are

allowed although in the income performances these conditions are not

reflected.

The effects on income performances of the weather variable (in

Run 21) are experienced by all classes. The more severe the weather

condition, the greater its effect. Loss of production due to weather

causes a loss of disposable income and a higher credit requirement,

which in turn depletes savings.

Having analyzed the impacts of different variables upon class

performances, we proceed to isolate those variables that are most

sensitive, and that are useful in reducing disparities in income among

the classes. The reduction of income gaps can be attained in several

ways, e.g. by generating larger income increases for low income

classes compared to high income classes, by lowering the income level

of high income classes while maintaining a steady improvement of the

level of low income classes, or even by redistributing income. In

testing the income effects of different variables, it is therefore

necessary to examine both the direction and the degree to which

changes in income occur.

Besides the parameters VALFNI, U2 and PPWL, which are useful

mainly in model tuning, all others are relevant for policy analysis.

The parameter A, which indicates increasing production capacity, is

found to be effective in increasing incomes of all classes. Although

it helps to reduce food deficits and therefore the debts of the near

landless class, higher production helps larger farmers more and so '

widens the overall disparity. The same is true in the case of RTPR,



185

which by increasing the output price helps the surplus farmers more

then the deficit ones. Both are highly sensitive and operate upon

the income performances of all classes in degrees higher than for

other variables. The land allocation parameters, RTA and RTH, also

initiate the same directional change in the incomes of all classes,

but the degree depends on the adoption characteristic of the classes.

If members and small land holders are given more favor than others

they would be able to generate comparatively higher income. Any

negative change in labor variables such as PVLA or HVLPOU depresses

the income of smaller land holders while it increases the income of

the rest with the result that the income gap widens. The effects of

input price increased (RTF, RTI) are depressing for all classes, and

although there is some reduction in the income, the degree of the

income change is much less proportionately than the degree of the

price change. However, if input use (RTFU) maintains a negative

price elasticity the possible effect upon the income performances of

members classes would be larger and therefore would increase dis-

parity. The tax variable RTX has a potentiality for reducing dis-

parity because it reduces incomescflithe larger landholders without

affecting the incomes of smaller ones. Lastly, the redistribution of

land resources is a means to activate income transfer from larger

to smaller farmers and thereby to reduce the income gap. However,

it has an impact upon the income performance only of those classes

which are affected by the change.
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Summary

The major concerns in this chapter were (i) to operationalize

the model, (ii) to validate the results of the model equations, (iii)

to test the sensitivity of model parameters and (iv) to gain ideas from

the tests about policy variables useful for problem solution. The

tests provided a basis for establishing model credibility as well as

ideas for improving the model. Crucial parameters were also identified

through these tests.

To simulate the economy operating under present conditions a

base run was conducted with all system parameters and variables de-

rived from the system. Despite data limitations, which affect the

precision of the results, the base run adequately simulated the trend

of the economy and provided consistent model results. The test runs

were conducted as much to examine the stability of the model as to

isolate variables that effect model results due to their variation.

So far as the system parameter DT is concerned, it is found to be

stable. However, VALFNI seemed to be unrealistic if the minimum level

is fixed at 0.75 rather than at a much lower level such as 0.

Similarly PPWL needs to be readjusted so that more concentration is

put on classes 1 and 2, instead of giving a proportional weight on

the basis of labor availability. However both VALFNI and PPWL worked

perfectly well under present assumptions.

While system parameters state the stability of the model, the

behavioral variables indicate the nature of flexibility in the economic

system. Some of these variables were tested in order to obtain ideas

about the extent to which the system can be redirected toward specific
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goals. The institutional characteristics contained in the membership

and its growth (RTM), if considered in isolation from other variables,

have only a slight influence on economic trends. Increasing cropping

intensity (RTA), allocation of more land to HYV (RTH), use of higher

fertilizer doses (RTFU and FINDX) -- all of which are sensitive vari-

ables -- are assumed to derive from the institutional drive. It has

also been observed that new high yielding strains of HYV (A) are a

highly effective means of increasing production, income and employ-

ment. The improved practices involved in each of these variables

help increase employment slightly, but the use of labor saving devices

cuts it down. On the side of consumption, almost all of the vari-

ables are insensitive except the population growth rate (GRT).

Many of the test parameters which were found to be slightly

sensitive or insensitive in relation to total performances criteria

show opposite results when class performances are considered and vice

versa. This finding supported our contention regarding the need for

disaggregative analysis hlorder to observe income distribution effects.

On a disaggregated basis it was possible to isolate variables which

could be used in forming policy alternatives. Most of the variables

examined in the tests are conventional in the sense that they are

generally used as policy tools. However it has been observed that

under the present pattern of resource distribution the scope for a

drastic reduction of the income disparity gap is limited unless dis-

criminatory policies are adopted.
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PART C: MODEL APPLICATION



CHAPTER VI

POLICY EXPERIMENTS

The system simulation model developed so far is now ready for

use in policy experimentation. Several policy alternatives have been

identified which, though they may or may not be adopted by policy-

makers, are conventionally thought of as means of achieving agricultural

development objectives. It needs to be stated again that the results

presented here must be considered tentative rather than conclusive,

for the model output values, may be inexact due to stated weaknesses in

the data. Neither has an objective cost analysis of undertaking the

defined policies been completed. The sociopolitical feasibility of

these policies has not been reviewed. It should be understood that

issues such as these are so important in their own right that they can

only be dealt with effectively in separate studies. The present study,

therefore, should be thought of as an analytical exercise which pro-

jects the economic consequences that may result from policy actions.

Policy Alternatives Designed for Experimentation

Ten policy alternatives in all have been identified for the

experiment. The simulation run for a particular policy is made by

providing input values for relevant variables in the model. Although

in simulation it is possible as well as useful to experiment with

various values of the policy input variable, due to resource

188
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limitations in this study only a single value was selected. The

selection of the input value for each policy, however, was made on the

basis of realistic guesstimation, so that policies were not drawn

overly optimistically, and so that alternatives were identified that

have a close affinity to the situation in which the model is applied.

Alternative 1: Status_9uo Policy

This is essentially the continuation of what is presently

being pursued. The basic tenets of this policy are contained in the

conditions of the base run, as described in the previous chapter.

Alternative IIA: Policy Concerning Technological Change

In this policy the irrigation program is expanded so that more

land could be brought under Boro crop cultivation. Specifically, the

policy is aimed at increasing Boro cultivation at the rate of 6 per-

cent per year instead of 3 percent per year as in the status quo policy.

The reduction in acreage of the Aus crop as a result of Boro acreage

expansion is held down by making irrigation available early in the

season, and by introducing a new short duration crop seed. In addition,

better varieties of seeds would be made available by research, so that

the crop yield in Boro and Amon seasons, but not in Aus, is expected

to increase at least 20 percent above the yield of the presently avail-

able HYV. The new seeds would be 10 percent more responsive to

fertilizer.

Alternative 118: Policy Concerning Behavioral Change

Extension programs will be effectively geared up so that the

farmers' adoption of modern practices increases. The impact of this
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policy is that the cultivation of HYV increases by 8 percent per year

in Aus season and by 10 percent per year in Amon season, instead of

by 5 and 6 percent respectively in the status quo policy.

It is also expected that by the third year of the program

farmers would average a 30 percent higher rate of fertilizer than at

present. The adoption rate of increased fertilizer dose will be

steeper in the case of non-members, since they would be strongly

motivated in an effort to catch up with the members. In addition,

an effective family planning program would be institutionalized in

the Extension program, with the intention of lowering the population

growth rate by 10 percent per year.

Alternative IIC: Policy Concerning Institutional Change_

Through the impetus of the Integrated Rural Development Program,

cooperative institutions would be mobilized to increase their member-

ship at a faster rate than is presently projected. The target is to

cover about 70 percent of all farmers under the program by the end of

the 8-year run period, as against 44 percent for the status quo policy.

Also, it is assumed that under this policy a concerted effort would be

made by the relevant organizational structures (e.g., IRDP, TCCA,

TTDC) to provide adequate training, education, services, and supplies

to the new entrants, so that the average performance of cooperative

members would be maintained at least at the present level.

While the distribution of credit and of modern inputs will be

institutionalized to a greater extent around the cooperatives, it is

very likely that the government would want to reduce input price
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subsidies on fertilizer and mechanical irrigation. The price of

fertilizer and irrigation would then increase. It is estimated that

there will be a 50 percent increase in chemical fertilizer price and

a 30 percent increase in the mechanical irrigation charge rate

beginning in the third year of the run period. To make this policy

effective, it is assumed that the government will be prepared to

extend necessary agricultural credit and to keep the output price

stabilized. The underlying credit and output policies therefore would

follow without intervention.

Alternative III: A Combined Policy Package

This will be a broad-based policy package involving policy in-

puts of all of the three alternatives IIA, 118, and IIC. This could

be termed an Integrated Agricultural Development policy. A wide range

of interactive policies would be undertaken so that the impact would

result from their unification.

Alternative IV: Policy Concerning Preferential Treatment

This policy is essentially a modified form of policy alternative

III. Policy alternative IV is more biased towards small farmers. In

defining alternatives IIA through IIC and alternative III, it was

assumed that there would be no discrimination in input distribution

(either technological, behavioral,cn~institutional) among different

classes of farmers. So far as the availability or prices of inputs

are concerned, in other words, those policies would not discriminate

between members and non members of the cooperative organization. The

cooperative organization would thus be identified more as a group
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which forms in order to obtain better facilities and better dissemina-

tion of information, rather than to obtain lower input prices and

preferential access to inputs.

In policy alternative IV, however, a definite bias is intro-

duced in favor of the small land holding classes centering around the

cooperatives. Irrigation facilities are supplied only through the

cooperatives, so that land under Boro cultivation increases by a

yearly rate of 8 percent for classes 1, 3, and 5 and by 4 percent for

class 7. For classes 2, 4, 6, and 8, which cannot be left out of any

cooperative irrigation program due to inherent field problems, the

increase would be limited to 2 percent per year. The distribution of

fertilizer also favors the cooperatives, and is:controlled so that the

increase of the average fertilizer dose is 30 percent for members and

10 percent for non-members. The price increases of these inputs also

follows a discriminatory policy, so that cooperative members pay lower

input prices than the rest of the farmers. The input price subsidy

program would be revised so that the prices of fertilizers distributed

through the cooperatives would increase by 20 percent against a 50

percent increase in the open market. Since members already pay lower

irrigation charges than non-members, a flat increase in these charges

of 30 percent would effectively be a discriminatory price hike.

This preferential policy may provide incentives to the non-

members to join the cooperatives. At this stage of the development

of the model no special credence has been given to this possibility

instead, the pattern of membership growth under policy alternative

IV has been made identical to that under alternative III.
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Alternative V: Policy Concerning Taxation and Employment
 

‘With the dual purpose of raising government income for develop-

ment expenditures and reducing income disparity among rural classes,

it may be useful to impose some form of agricultural taxation. Since

various forms of taxation are available, each having inherent merits

and demerits in collection as well as in enforcement, it is difficult

to ascertain at this point which form should be preferred to others.

(Actually a series of simulations could be conducted with different

forms of taxation to ascertain their respective impact.) For our

purpose it would not matter which form of taxation is decided upon,

so we shall arbitrarily identify it to be an agricultural income tax

imposed upon farmers possessing more than 3 acres of land at the rate

of 15 percent on their annual family earned income in excess of 6000

taka. The taxation policy would be combined with the policy package

of alternative III.

A large part of the collected tax fund is expected to be

utilized for land and water development in the area, primarily through

a rural works program. Besides capital investment, the works program

would create possibilities for generating seasonal labor employment,

and for channelling a portion of the tax fund (in the form of wages or

food for work instead of outright doles or relief) to the landless or

near-landless classes. It is estimated that through this program

temporary non-farm employment would be created to the extent of 0.2

million man-daysper year.
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Alternative VA: Policy ConcerningMore Stringent Taxation
 

The content of this policy would be the same as for alternative

V, but the taxation schedule would be more stringent. While the rate

of agricultural income tax would remain the same, the tax floor would

be lowered from 6000 taka to 4800 taka in annual earned income.

Furthermore, the agricultural land tax, which currently is in abeyance,

would be reimposed on all cultivable 1and (irrespective of the size of

land holding) at a rate equivalent to 10 percent of the estimated

gross profit earned per acre of land.. In effect all farmers, including

small farmers, would be liable to pay the agricultural land tax, while

only those farmers who possess more than 3 acres would also pay the

agricultural income tax. 0n the other hand, as the additional tax fund

builds up, land and water development would be further intensified

under the rural works program. Seasonal employment opportunities in

the area would double so that 0.4 million man-days of temporary jobs

would be created per year.

Alternative VI: Policy Concerning Land Reform

To mitigate the insurmountable problems of landless or near-

landless farmers, it may be thought desirable to redistribute land

holdings by lowering the present ceiling from 33.3 acres. Apart from

the political and administrative problems that may result from any

attempt to enforce such a policy of land reform, there is a lack of

general consensus about what new ceiling would be effective. 0n the

other hand, even if a seemingly radical reform is proposed with a land

ceiling of 10 acres, in many regions such as Comilla where only a
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handful of farmers possess that much land, even a lO-acre ceiling would

have little consequence. In order to obtain significant results from

a simulated land reform, a policy is simulated with the ceiling at 5

acres. This policy will be launched simultaneously with the combined

policy package given by alternative III.

Alternative VII: Policy Concerning Migration

As has been pointed out in Chapter IV, the model has been con-

structed as a closed one so that there is no net in or out migration.

However, as population pressure upon the economy increased and/or as

the development of sectors other than agriculture gains momemtum, a

rise in outmigration would be a likely phenomenon. The first aim of

the policy would be to relocate the migrating families to areas where

government reclaimed land is available, to places where industrial or

manufacturing jobs are being created, or to cOuntries which could be

persuaded to allow immigration. To examine the impact of the policy

on the area concerned, it is assumed that during the whole 8-year run

period, 10 percent of all landless families, and 5 percent of the

population in alldtherlanded classes would in effect outmigrate under

this policy. No land transaction, within or among the classes, has

been assumed for this policy, so patterns of land holding would not be

affected.

The policy alternatives described in Table V1.1 are primarily

intended for simulating the economic consequences that would be imposed

upon the system participants. Governmental costs of administering

these policies were not estimated, nor have the political and
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Table VI.l: Summary of Policy Runs

 

 

   

Run No. Alternative Policy Sets Policy Ingredients

1 I. Status Quo All base run conditions1

2 IIA. Technological Change (i) More irrigation

(ii) Better HYV seeds

3 IIB. Behavioral Change (i) Higher adoption of HYV

(ii) Increased use of

fertilizer

(iii) Increased use of family

planning

4 IIC. Institutional Change (i) Faster growth of co-

operative membership

(ii) Desubsidization of

input price

5 III. Integrated Agricultural (i) All conditions of runs

Development 2 through 4 included

6 IV. Preferential Input All run 5 conditions modified

Prices and Distribution for discriminatory preference

7 V. Taxation and Employment (i) Agricultural income

tax imposed on run 5

conditions

(ii) Non-farm employment

increased

8 VA. More Stringent Taxation (i) Agricultural land tax

added to run 5 and

income tax floor modified

(ii) Non-farm employment

created in run 5 doubled

9 VI. Land Reform A land redistribution from large

land holders to landless class

is added to run 5

10 VII. Migration Planned migration is added to

run 5.

1
After modifications made on the basis of sensitivity test results.
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administrative difficulties of imposing these policies been fully

explored in this study. Although we tried, in defining the policies,

to be as realistic as possible, it is probable that some of the

alternatives would have greater practical limitations than others.

Alternative policies IIA through IIC and III are more feasible but

costlier than the rest. Alternative policies IV through VII are in-

stitutional in nature and would put a heavy strain on administrative

enforcement. Because of their greater stringency, it is less likely

that they would be adopted as they are specified if at all. These

.issues of implementation can be settled elsewhere. The simulation re-

sults presented in the next section indicate the consequences that

would result from these alternative policies.

Simulated Policy Results

As has been indicated before, performance variables contained

in the model are numerous in number. It is possible to obtain

simulated values of the performances for (i) classes, (ii) crop vari-

ables, (iii) seasons, and (iv) years in detailed form. Understandably

it is difficult to assimilate such a voluminous amount of information

in a single study report. This is not, however, to be considered as

a disadvantage or a waste; instead it shows the powerful capability

of the computer simulation model to generate the multitude of informa-

tion that may be demanded for decentralized Thana level planning.

Considering the objectives of the present study, analysis of the

simulation results has been limited to a few selected performance

variables that are relevant to (a) production, (b) employment,
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(c) consumption, and (d) income. Further, instead of tracing the total

time path of performance variables in each simulation run, an inter-

temporal analysis is made by focusing on the performance variables in

the eighth year of each run.

Production
 

The simulated impacts of policy alternatives on rice production

in the year 1981 are shown in Table V1.2. Under the status quo policy

(Run 1) total production in the region increases by about 17 percent

over that of the base year (1974). The production increase of a little

over 2 percent per year, however, falls short of coping with the 3

percent per year population growth. This perspective shows that al-

though the present policy, encompassing as it does modern agricultural

and institutional innovations, is considered a long-awaited step to-

wards self-sufficiency in food, it does not provide scope for

complacency. Alternative policies that can assure higher food pro-

duction therefore should be sought.

The introduction of more technological changes in the form of

expanded irrigation and better seed varieties (at rates specified in

alternative IIA) would cause an increase of rice production of about

38 percent by 1981 (Run 2). Behavioral changes or institutional

changes, as specified under alternatives IIB and IIC respectively

(Runs 3 and 4), would, when pursued independently, each cause an in-

crease in total production of about 29 percent, which would put pro-

duction almost at par with population growth. When all these changes

are integrated under a combined policy package in alternative III



T
a
b
l
e

V
1
.
2
:

1
9
8
1

P
r
o
d
u
c
t
i
o
n

I
m
p
a
c
t
s

o
f

P
o
l
i
c
y

A
l
t
e
r
n
a
t
i
v
e
s

 

R
u
n

P
o
l
i
c
y

N
o
.

A
l
t
e
r
n
a
t
i
v
e

T
o
t
a
l
R
i
c
e

P
e
r
C
a
p
i
t
a

P
r
o
d
u
c
t
i
o
n

P
r
o
d
u
c
t
i
o
n

(
T
h
o
u
s
.

m
d
s
.
)

B
a
s
e

Y
e
a
r

2
I
I
A

3
I
I
B

4
I
I
C

5
I
I
I

9
V
I

1
0

V
I
I

A
g
g
r
e
g
a
t
e

1
4
7
4

1
7
2
4

(
1
7
.
0
)

2
0
3
1

(
3
7
.
8
)

1
8
9
9

(
2
8
.
8
)

1
8
9
6

(
2
8
.
6
)

2
4
7
2

(
6
7
.
7
)

2
4
7
6

(
6
8
.
0
)

'
2
4
7
2

(
6
7
.
7
)

2
4
7
2

(
6
7
.
7
)

2
4
8
6

(
6
8
.
7
)

2
4
7
2

(
6
7
.
7
)

(
m
d
s
.
)

6
.
0
0

5
.
6
9

(
-
5
.
2
)

6
.
7
0

(
1
1
.
7
)

6
.
4
0

(
6
.
7
)

6
.
2
5
-

(
4
.
2
)

8
.
3
3

(
3
8
.
8
)

8
.
3
4

(
3
9
.
0
)

8
.
3
3

(
3
8
.
8
)

8
.
3
3

(
3
8
.
8
)

8
.
3
7

(
3
9
.
5
)

8
.
9
8

(
4
9
.
7
)

P
e
r

C
a
p
i
t
a

Y
e
a
r
l
y

R
i
c
e

P
r
o
d
u
c
t
i
o
n

(
m
d
s
)

i
n

C
l
a
s
s

2
.
7
1

2
.
5
2

(
-
7
.
0
)

3
.
0
5

(
1
2
.
5
)

2
.
8

(
3
.
3
)

2
.
4
7

(
-
8
.
9
)

3
.
3
2

(
2
2
.
5
)

3
.
3
4

(
2
3
.
2
)

3
.
3
2

(
2
2
.
5
)

3
.
3
2

(
2
2
.
5
)

4
.
3
6

(
6
0
.
9
)

3
.
6
9

(
3
6
.
2
)

1
.
4
4

1
.
3
3

(
-
7
.
6
)

1
.
6
1

(
1
1
.
8
)

1
.
5
2

(
5
.
6
)

1
.
3
4

(
-
6
.
9
)

1
.
8
5

(
2
8
.
5
)

1
.
7
2

(
1
9
.
4
)

1
.
8
5

(
2
8
.
5
)

1
.
8
5

(
2
8
.
5
)

2
.
4
6

(
7
0
.
8
)

2
.
0
6

(
4
3
.
1
)

7
.
4
8

7
.
0
2

(
-
6
.
2
)

8
.
3
7

(
1
1
.
9
)

7
.
7
8

(
4
.
0
)

7
.
0
9

(
-
5
.
2
)

9
.
4
3

(
2
6
.
1
)

9
.
4
8

(
2
6
.
7
)

9
.
4
3

(
2
6
.
1
)

9
.
4
3

(
2
6
.
1
)

9
.
4
3

(
2
6
.
1
)

9
.
9
3

(
3
2
.
8
)

4
.
7
7

4
.
3
8

(
-
8
.
2
)

5
.
1
2

(
7
.
8
)

5
.
0
6

(
6
.
1
)

4
.
3
4

(
-
6
.
9
)

5
.
8
9

(
2
3
.
5
)

5
.
4
1

(
1
3
.
4
)

5
.
8
9

(
2
3
.
5
)

5
.
8
9

(
2
3
.
5
)

5
.
8
9

(
2
3
.
5
)

6
.
2
0

(
3
0
.
0
)

1
8
.
0
5

1
6
.
5
1

(
-
8
.
5
)

1
9
.
5
4

(
8
.
2
5
)

1
8
.
3
6

(
1
.
7
)

1
6
.
3
6

(
4
8
.
2
)

2
2
.
0
2

(
2
2
.
0
)

2
2
.
8
1

(
2
6
.
4
)

2
2
.
0
2

(
2
2
.
0
)

2
2
.
0
3

(
2
2
.
0
)

2
2
.
0
2

(
2
2
.
0
)

2
3
.
1
8

(
2
8
.
0
)

F
i
g
u
r
e
s

i
n

p
a
r
e
n
t
h
e
s
e
s

a
r
e

p
e
r
c
e
n
t
a
g
e

c
h
a
n
g
e
s

f
r
o
m

r
e
s
p
e
c
t
i
v
e

b
a
s
e
y
e
a
r

v
a
l
u
e
s
.

1
2
.
0
8

1
0
.
9
5

(
-
9
.
4
)

1
2
.
5
5

(
3
.
9
)

1
2
.
7
1

(
5
.
2
)

1
1
.
0
9

(
-
8
.
2
)

1
4
.
8
6

(
2
3
.
0
)

1
3
.
8
5

(
1
4
.
7
)

1
4
.
8
6

(
2
8
.
0
)

1
4
.
8
6

(
2
8
.
0
)

1
4
.
8
6

(
2
8
.
0
)

1
5
.
6
4

(
2
9
.
5
)

2
5
.
0
6

2
6
.
6
7

(
-
9
.
5
)

2
6
.
0
5

(
4
.
0
)

2
5
.
6
1

(
2
.
2
)

2
2
.
7
4

(
-
9
.
3
)

2
9
.
7
6

(
1
8
.
8
)

2
9
.
3
1

(
1
7
.
1
)

2
9
.
7
6

(
1
8
.
8
)

2
9
.
7
6

(
1
8
.
8
)

2
4
.
2
4

(
-
3
.
1
)

3
1
.
3
3

(
2
5
.
0
)

1
9
.
2
3

1
7
.
2
7

(
-
1
0
.
2
)

1
9
.
5
4

(
1
.
6
)

1
9
.
9
6

(
3
.
8
)

1
7
.
1
9

(
-
1
0
.
6
)

2
2
.
6
0

(
1
7
.
5
)

2
1
.
3
8

(
1
1
.
2
)

2
2
.
6
0

(
1
7
.
5
)

2
2
.
6
0

(
1
7
.
5
)

1
8
.
5
1

(
-
3
.
7
)

2
3
.
7
9

(
2
3
.
7
)

199



200

(Run 5), the resultant impact on the total rice production by 1981

shows a substantial increase of about 68 percent, or a rate of increase

of 8.5 percent per year. The aggregate per capita food availability

increases by 39 percent over the base year despite a 21 percent in-

crease in population during the period.

Policy alternatives IV through VII, which are elaborations of

alternative 111, have no marked additional impact on total rice pro-

duction (Runs 6 to Run 10). With the exception of alternative VII

(Run 10), the aggregate per capita production also shows a trend

similar to alternative 111. The increase in aggregate per capita pro-

duction for alternative VII, as compared to alternative 111, is due

to the 11 percent decrease in the expected population caused by

migration. The impacts of a preferential policy and of land reform

(Runs 6 and 9) have been observed to be insignificant so far as total

rice production or per capita food availability is concerned.

When disaggregated by classes, the impacts of policy alterna-

tives on rice production show a clearer but sometimes different

picture. In general, it emerges that the land poor classes (Classes

1, 2, and 3) under whatever policy alternative is chosen invariably

obtain much less per capita production than the aggregate statistic

suggests. The cooperative members in all land holding categories

obtain higher per capita production than non-members in the same

category, and the farmers with the largest land holdings always obtain

about 9 to 15 times more than the corresponding group of farmers with

the smallest land holdings. As far as per capita production is con-

cerned, none of the alternative policies except alternative V1 could



“)-
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effectively reduce the inter-class disparity in production. In fact,

since production is land dependent and inputs are mostly divisible,

the alternative policies present farmers of all classes with oppor-

tunities to increase their production in proportion to their land hold-

ing.

The per capita production in 1981 under a status quo policy

(Run 1) shows a decline in all classes. A similar declining trend,

though at a less steep rate, is observed in the case of alternative

IIC (Run 4), under which total production at first showed a larger

increase than alternative 1 due to the higher growth of institutional

membership. This indicates that changes in institutional factors alone

would not sustain production at the base year level, but at most can

reduce the rate of decline. That population growth is a critical

factor in counteracting production increase is clearly apparent when

the impacts of alternatives IIB and IIC are compared (Runs 3 and 4).

Although total production is at about the same level under both

alternatives, alternative IIB includes a policy ingredient for reducing

the population growth rate. Alternative IIB shows a higher per capita

food availability than alternative IIC. When population decreases as

under alternative V11 (Run 10), hiwhich migration has been considered,

the per capita food availability shows a significantly higher level

than in alternative 111.

Under combined policy alternative 111 (Run 5) the per capita

food production of all classes increases substantially in comparison

to the status quo policy of alternative 1. Though proportional in-

creases for the classes remain the same, the absolute quantity of
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increase is greater among the large land holding classes than among

the small ones. It is apparent that integrated changes in technology,

behavior, and institutions have the potential of widening the produc-

tion gaps between the classes. None of the remaining alternatives 1V

through VA can better this trend. The policy of discrimination as in

alternative IV (Run 6) is more favorable to cooperative members, so

that their per capita production increases above that of the non-

members. However, under alternative VI land redistribution causes

larger farmers (Classes 7 and 8) to produce less while smaller farmers

(Classes 1 and 2) obtain higher production. As a result, the smaller

farmers have higher per capita production than in alternative 111,

although total production in both the alternatives remains almost the

same. This clearly shows how small farmers may gain from land re-

form. A land reform policy also has the potential of reducing the

production gap.

Land allocation and crop yield rates, under different policy

alternatives, are shown in Table V1.3. It should be noted that the

increase in production under the status quo policy of alternative I

(Run 1) is not caused by changes in the varietal yield rate as much

as by changes in land allocation and in the cropping pattern. During

the run period, land cultivation in Boro season increases every year,

while increasingly more land is transferred to high yielding variety

(HYV) rice crops in all seasons. The increase in cultivated land,

however, was minimal (5 percent), in comparison to the 34 percent

change of cropping pattern in favor of the high yielding varieties.

The 50 percent yield difference for the high yielding varieties
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substantially in increased production under alternative I. In

alternatives IIA, IIB, and IIC these processes have been further

intensified in various ways, while in alternative policy 111 all of

them have been put together in combination. The resulting impacts of

total land allocation, cropping pattern, and HYV yield rate together

helped increase production under alternative 111. Alternatives IV,

V, VA and VII have similar ingredients as in alternative 111 and so

their consequences upon production are no different than that under

alternative 111.

Employment and Input Demand

A major concern in rural development policy formulation has

been the generation of employment for rural people, particularly for

the landless or near-landless class of farmers. Since the industrial

sector is at an infant stage in Bangladesh, it has a limited capability

for rapid expansion to absorb many of these rural poor. The creation

of a substantial number of industrial sector jobs, moreover, can be

quite costly. The agricultural sector, on the other hand, is thought

of as having good possibilities for large-scale employment generation.

Within the rural sector, food crop production has a direct relationship

with the ancillary household as well as commercial employment, but these

side effects have not been taken into account at this stage. It should

be understood that with the exception of crop production the ripple

effects of policy alternatives concerning employment have been

neglected in this study.

Despite substantial modernization efforts under the status quo

policy, alternative 1 (Run 1), the aggregate total man-days of
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agricultural employment in 1981 increases by less than 12 percent, or

at the rate of about 1.5 percent per year (Table V1.4). The rate of

increase almost doubles when seed-irrigation technology is further

improved under alternative policy IIA (Run 2). Even under policies of

faster behavioral or institutional change, alternative IIB or IIC

(Run 3 or 4), the employment is higher than it is under the status

quo policy. In alternative policy 111 with an integrated policy

combining technological, behavioral, and institutional changes, the

aggregate agricultural employment increases by almost 5 percent per

,year, or 39 percent by 1981 (Run 5). This represents slightly more

employment of labor than is possible under policy alternative IV of

preference, or under alternative VI of land reform (Runs 6 and 9).

Beyond this, use of agricultural labor can be further increased

through non-farm employment as has been indicated by alternatives V

and VA (Runs 7 and 8), the extent of added employment depending upon

the policies concerned.

Overall employment consists of both family labor and hired

labor. The impact of various policy alternatives on hired labor

deserves special consideration, because of the income deriving from

the wages of agricultural laborers. Under the status quo policy

(alternative I), the estimated total number of mandays of hired labor

would increase by about 15 per cent in 1981 (Run 1). The increase

would be four times higher under the integrated policy alternatives

III and IV (Runs 5 and 6). Since the beneficiaries of this increased

demand for hired labor are the wage laborers of land category 1 and

2 (Classes 1 through 4), their employment opportunities would increase
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substantially if policies III or IV were adopted. However, if land

reform is tagged onto the integrated policy hired labor employment

would show a declining trend (Run 9). This would happen because the

demand for hired labor is primarily generated by the large land hold-

ing category of farmers, so a reduction of farm size directly affects

the demand for labor.

Under a land reform policy employment among category 1 farmers

would increase due to the availability of extra land, which would open

up opportunities for employing more of their labor than what would

have been demanded by classes 7 and 8 farmers if the land were not

redistributed. The employment of classes 7 and 8, on the other hand,

would decline as family labor could not be utilized due to the reduc-

tion of farm size, and that of category 2 would decrease due to the

fall of hired labor demand. Policy alternatives V and VA (Runs 8 and

9) create additional opportunities for employing the hired labor of

classes 1 through 4 farmers, which greatly improves their employment

situation.

At this stage it is useful to point out some undercurrents

that might be found in the labor use pattern. As the intensity of

modernization and the concomitant need for labor increases, the likely

tendency of the farmers would be to increase their marginal labor

efficiencies and to increase their use of family labor in crop pro-

duction activities.

The effects of improved labor efficiency would be reflected in

the total mandays of employment, while the effects of greater use of

family labor would show up only in hired labor employment. Neither
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effect is expected to cause any substantial reduction in total labor

use. Another likely trend would be an increase in the use of labor

saving devices. Though some of these devices would be essential and

fixed complements to the adoption of new agricultural technology,

there might be some interest among the large farmers in substituting

machines for labor in order to reduce their wage bill. How far this

substitution effect would materialize would greatly depend upon the

labor wage rate and the cost of mechanization, and therefore these

variables should be carefully considered. If the drive for mechaniza-

tion is thwarted by allowing only the complementary form of devices,

it is expected that even under such resulting structural changes

labor employment would substantially increase.

Despite the increasing agricultural labor demand resulting from

some of the policy alternatives, the unemployment situation does not

improve greatly. In fact, the increase in employment would be far

less than the increase in the labor supply itself. The labor supply,

which already is in great surplus, would further increase due to the

net rise of the labor force in the near future.2 Assuming that 35 per-

cent of the population is in the agricultural labor force and that

each laborer is willing to offer 300 days (landless class) to 200 days

 

2The male population in the 8-15 year age cohort which will enter into

the labor force (16-70 years) during the run period is larger in number

than those in the 62-70 year age group who will leave it. The net

result therefore would be an increase in the labor force every year.

Even if population growth decreases substantially from now on, the

projected increase in the labor force during the run period would not

be affected.
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Table V1.5: Labor Use Impacts of Policy Alternatives (in 1981)

 

 

 

 

Run Policy Labor use rate per laborer perpyear in class

No. Alternative 31' 2 3 4 5 6 7 8

Base Year 0.14 0.12 0.24 0.20 0.27 0.21 0.19 0.16

l I 0.13 0.11 0.22 0.18 0.23 0.11 0.16 0.13

2 IIA 0.14 0.12 0.23 0.19 0.24 0.18 0.17 0.14

3 IIB 0.14 0.12 0.23 0.19 0.24 0.18 0.17 0.14

4 IIC 0.13 0.12 0.22 0.18 0.23 0.17 0.16 0.13

111 0.17 0.15 0.26 ‘0.22 0.25 0.18 0.17 0.14

6 IV 0.17 0.15 0.26 0.21 0.26 0.18 0.17 0.14

7 V 0.17 0.16 0.26 0.22 0.25 0.15 0.17 0.14

8 VA 0.18 0.17 0.27 0.23 0.25 0.18 0.17 0.14

9 VI 0.18 0.15 0.25 0.21 0.25 0.18 0.14 0.11

10 VII 0.18 0.16 0.27 0.23 0.26 0.19 0.18 0.15



210

(large land holding class) of work a year, it can be seen from Table

V1.5 that only 14 to 27 percent of the available labor would actually

be utilized in food crop production. Since non-food crop production

is minimal in this area, it is reasonable to expect it to have only

an insignificant influence on labor use. It is therefore clear that

agriculture, which offers the largest scope for labor use in the rural

sector, could absorb less than a quarter of the total labor available.

The labor use rates shown in Table V1.5 are the proportion of avail-

able 1abor mandays per year which are actually absorbed in employment

in comparison to the base year. The labor use rate declines-by the

end of the run under the status quo policy, because of the growth of

population. The downward trend in labor use is stalled by policy

alternatives IIA and IIB, but these policies do not reverse the de-

cline from the base year. Labor use rates improve slightly under

policy alternatives 111 through VII, especially among small farmers.

Even the non-farm employment opportunities created under policy

alternatives V and VA have little impact in increasing the labor use

rates, since their extent is nominal compared to the amount of surplus:

labor. Incidentally, migration shows an impact similar to the crea-

tion of employment (Runs 7, 8 and 10), but nonetheless the problem of

unemployment remains unsolved.

The yearly demand for inputs shows an increasing trend (Table

V1.6) under all policy alternatives that directly pursue production

increases. Under the status quo policy (Run 1) the demand for HYV

seeds is expected to increase by about one-third above the base year,

but as the transformation intensifies demand for HYV seeds increases
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further. The demand for HYV seeds under alternative 111 (Run 5), is

twice as much as that under alternative I, while under alternatives

1V and VI (Runs 6 and 9) it is slightly higher.

The demand for chemical fertilizer and agricultural credit shows

a steep increasing trend. For example, if the agricultural transforma-

tion proceeds as intended by integrated policy alternative 111 (Run 5)

the demand for chemical fertilizer is expected to rise by 180 percent

over the base year, and agricultural credit demand by 127 percent.

Since most of the agricultural credit is to be supplied through in-

stitutional channels, the demand for institutional credit shows an

increase of 185 percent under this policy. Under alternative 1V (Run

6) of preferential input prices and distribution, the demand for

institutional credit might be slightly less than under non-preferential

alternative 111, but the demand for fertilizer is greater. The rest of

the policies follow a trend more or less similar to alternative 111.

All these impacts show the impressive increase in the demand for inputs

that would result from launching agricultural transformation policies.

Whether such demand could be met is a different question; the simulation

makes it clear that to achieve production performances as shown in

Table V1.2 the respective input demands must be met.

Another factor that influences the sharp increase in agricultural

credit is the rise of institutional membership in cooperatives. Co-

operative members are entitled to avail themselves of institutional

credit and use more credit than non-members. As a result of the in-

creased intensity of agricultural transformation the demand for credit

rises more among the members, since they use a higher quantity of
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modern inputs the do non-members. The institutional change under

policy alternative IIC (Run 4) drives the membership up, and with it

the demand for institutional credit. However, under a constrained

credit situation it is expected that demand may not be fully met. How

far this could affect production performance as well as membership

growth is not clear at this stage.

Consumption
 

The impact of policy alternatives on home consumption and on

the consumption surplus of rice -- the two forms of output disposal

considered in this study -- are presented in Table VI. 7 and Table

V1.9 respectively. The total consumption of rice under the status quo

policy of alternative 1 (Run 1) rises by about 17 percent over rice

consumption in the base year as a result of population growth. But

the corresponding aggregate per capita consumption shows a decline.

As production under alternative policies IIA, IIB or IIC increases

more or less at par with population growth the declining trend of per

capita consumption is stalled. The aggregate per capita consumption

trends are maintained at the base year level under any of these policy

situations. In other words, just to maintain the present level of

consumption the status quo policy has to be changed in favor of either

alternative IIA, IIB or IIC so as to stimulate production. That in-

creased production gives rise to increased consumption is evident from

the rise of aggregate per capita consumption under alternatives 111

through VII. The highest per capita as well as total consumption is

recorded under the land reform alternative VI (Run 9) indicating that
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farmers receiving land would augment their consumption when more food

becomes available. Nonetheless, the per capita yearly consumption

levels of between 2.55 mds and 2.77 mds recorded under these alterna-

tives fall far short of expected normal intakes.

The aggregate per capita yearly consumption level figures

estimated in column 4 of Table V1.7 are sharply in contrast to the

national averages of normal intake requirement estimated by other

sources (GDP, 1966). Chen (1974) discounted the generally quoted

level of more than 15 oz/day as an over estimate and suggested a

compromise figure of 14.5 oz/day or 4.0 mds/year. Our figures came

out below Chen's estimate mainly because of methodological reasons.

Firstly, our aggregates were calculated for the average person, re-

gardless of age or sex. Secondly, yearly figures arrived at through

incorporating the simulated effects of food stocks, sales and purchases

(see Chapter IV). Therefore the yearly accumulation took account of

both the reduced consumption period before harvest and of the normal

food intake after the harvest. Thirdly, the consumption patterns have

been calculated first on a disaggregated basis by class so as to in-

corporate income effects on consumption. All these methodological in-

fluences should increase the accuracy of the per capita consumption

levels calculated by class. The aggregate consumption figures shown

in column 4 were calculated on the basis of these disaggregated class

figures.

However it must be noted that the rice consumption levels pre-

sented in Table V1.7 are probably underestimates because of the

restrictive assumptions made about income. In this study incomes
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received from crop production and agricultural wages have been con-

sidered, while that from off-farm sources (e.g. service, trade, and

other non-agricultural occupation) have been neglected. Although

sCope of incomes earning from off-farm sources are expected to be

small, in actuality it is not zero and may possibly increase as de-

velopment proceeds. Such incomes would be used for consumption buy-

ing and so it is expected that rice consumption level would be

higher than that shown in Table V1.7.

~While the general trends of per capita consumption by classes

under alternative policies are similar to the aggregate trends, con-

sumption levels among the classes vary greatly. Classes 1 through 4

consume substantially less then classes 5 through 8, while class 2

maintains a critically low consumption level. If the normal intake

requirement of rice is considered as 4 mds/year then only classes 5

through 8 are found to be close to this level, while all others fall

far below it. In the extreme case of class 2 rice consumption is 52

percent short of the normal intake level. None of the alternative

policies seems to change this pattern much. The severity of the

situation may be made clearer by Table V1.8, which presents per capita

daily consumption of rice by weight and by caloric value for the dif-

ferent classes. The consumption levels of classes 1 and 2, especially,

are so low as to suggest the existence of extreme malnutrition and

of periodic starvation. Even deaths from total starvation are not

ruled out for some people in these classes. None of the conventional

policies mentioned here seems to solve the problem; the best that these

policies can accomplish is to slow the deterioration of consumption.
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Production that is left over after meeting consumption require-

ments is taken as surplus that can be marketed or bartered for cash

or in kind. This surplus is considered as the margin from which in-

vestment as well as improvements in the standard of living derive.

While consumption intake indicates the basic economic condition of the

villagers, the consumption surplus informs us about their financial

well being. The surplus output generates capital required to meet

the expenses<rfgoods and services needed for consumption and produc-

tion that are not available within the farm family}3 As modernization

in agriculture intensifies, the need for cash capital further increases.

Even subsistence farming should be considered as a business enterprise

which needs to be financially solvent. An output deficit causes a

farmer to incur financial losses and heavy debts that may ultimately

lead him to disinvest. 0n the other hand, investment in modern inputs

and the improvement of the economic conditions of the subsistence

farmers is dependent upon the extent to which surplus output can be

generated. 1

The impact of alternative policies on the food surplus is shown

in Table V1.9. The aggregate per family surplus output under alterna-

tive 1 (Run 1) increases slightly from that of the base year though

 

3The output surplus which often results from a critical reduction in

the consumption level for the small farmer classes may at first glance

seems unrealistic, but it should be pointed out that crop production

costs, debt service and other necessary food and non-food consumption

expenses come from this source.
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it actually decreases if measured in per capita terms.‘I While surplus

output under policy alternatives IIA through IIC (Run 2 to Run 4) are

higher than the status quo policy, the highest surplus outputs are

generated from the combined policy package alternative 111 (Run 5) its

ancilliaries-alternatives IV through VII (Run 5 to Run 10). Any of

these policies, would generate twice as much per family surplus out-

put as the status quo policy.

Differences in per family surplus output between classes 1 and

classes 7 and 8 are found to be very wide. Class 2, in fact, incurs a

deficit which means that even to maintain the lowest possible con-

sumption level (as observed in Table V1.8), the class has to depend

upon food outside of its productive capacity. All classes of co-

operative members have higher surplus output levels than do non-

members of the same land holding category, and the difference between

respective levels is substantial. Classes 3, 5, 6, 7 and 8 have a much

higher per family surplus than the aggregate statistic indicates.

Under the status quo the per family surplus of classes 1 and

2 decreases while that of all other classes shows an increase. Their

surplus situation is slightly better under alternatives IIA and IIB

but no improvement takes place under alternative IIC. The output

deficit of class 2 is almost eliminated under alternative 111, while

 

4The performance variable is expressed in per family rather than per

capita terms on the understanding that financial decisions are made

by a farmer for the household as a unit and not for a member of that

unit. Although members in the family increase due to population

-growth the family unit is considered unchanged and so the variable

does not reflect effects of population increases.
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class 1 triples its surpluses. It is interesting to note that the

deficit situation of class 2 does not improve as much under dis-

criminatory policy alternative IV (Run 6) which seems more favorable

to cooperative members. Classes 1 and 2 both get a boost from land

reform alternative VI under which class 2 develops a surplus for the .

first time (Run 9).

A conspicuous impact of the production increasing policies

is to widen the difference in surplus among the classes. The absolute

increase is always much greater among larger land holders than among

smaller land holders. The widening difference seems to lessen slightly

only under alternative VI when land is redistributed. It is not,

however, surprising to find that production oriented policies favor the

owners of larger land resources (Run 9), or that population reduction

(Run 10) betters the surplus situation of all classes.

Income Earning_and Distribution

Simulated values of aggregate incomes generated by the alterna-

tive policies are presented in Table V1.10 while per capita incomes

by classes are shown in Table VI.ll. Under the status quo policy

alternative (Run 1), the value added to agriculture in the region grows

at a yearly rate of about 2 percent and so does the value added by

families. That such a rate of growth is incompatible with the popula-

tion increase in maintaining even the base year income level is

exemplified by the falling aggregate per capita earning under alterna-

tive 1. Alternative IIC (Run 4) shows a similar trend. Policy IIB

(Run 3), under which both value added by agriculture and value added
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Table V1.10: Aggregate Income Impacts of Policy Alternatives (in 1981)

 

 

 

Run Policy Value Value Aggregate

No. Alternative Added Added Per Capita

by by Earning

Agriculture Family

(pfill. Taka)_ (mill. Taka)p (Taka)

Base Year 142.9 128.2 581

l 1 165.0 148.4 546

(15.5) (15.8) (-6.0)

2 IIA 197.3 ~ 178.3 653

(88.1) (39.1) (12.4)

3 IIB 175.3 157.2 593

(22.7) (22.6) (2.1)

4 IIC 172.1 154.1 570

(20.4) (20.2) (-l.6)

5 111 218.1 195.5 738

(52.6) (52.5) (27.0)

6 IV 223.4 200.9 759

(56.3) (56.7) (30.6)

7 V 218.1 195.5 744

(52.6) (52.5) (28.1)

8 VA 218.1 195.5 749

(52.6) (52.5) (28.9)

9 VI 219.3 197.5 743

(53.3) (54.1) (27.9)

10 VII 218.1 195.5 796

(52.6) (52.5) (37.0)

Figures in parentheses are percentage changes from base year values.
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by family grow at about 3 percent per year simultaneously with a re-

duction in population growth, possibly can maintain a constant per

capita earning level. However, a 4.5 percent per year increase in the

value added under alternative policy IIA (Run 2) with no reduction in

the population growth rate would help increase the per capita earning

only by about 1.5 percent per year. '

Under policy alternative III(Run 5) value added by agriculture

and value added by family increases more than three times as much as

under alternative I, so that by 1981 the increase is 53 percent over

the base year. This increase results from the continued effects of

technological, behavioral and institutional changes brought into the

system through policy alternative 111. A look into the marginal

analysis reveals that total cash operating cost of production (the

difference between the value added by agriculture and the value added

by family) increases by 7.9 million taka between the base year and 1981.

During that period the value added by agriculture increases by 75.2

million taka and the value added by family increases by 67.3 million

taka. This substantial marginal return has caused aggregate per capita

earning to rise by 27 percent during the period (Run 5).

The value added by agriculture and by family remain almost equal

under policy alternatives V through VII (Run 7 to Run 10). However,

under alternative IV, where a discriminatory input distribution policy

is pursued, the increases seem higher (Run 6). This incidentally A

exposes a rather different picture than what has been observed so far.

The policy showed a lack of effect in increasing production or employ-

ment significantly compared to alternative 111. It now appears that a
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discriminatory policy might actually improve imcome conditions, both

in terms of value added and per capita earning, although it may not

improve the production or employment outcomes of the non-discriminated

policy alternative 111. Under policy alternative VII (Run 10) though

the value added would not be any different than alternative 111, the

per capita earning would show an increase due to population reduction.

The impacts of different policy alternatives on classwise per

capita earning (Table V1.11) and per family disposable income (Table

V1.12) follow the same general trend as observed in the case of aggre-

gate incomes above. Particularly revealing in these Tables, however,

are the differing income levels of different classes of farmers. As

expected, the larger the land h01ding the higher is the imcome level,

and the cooperative members earn higher incomes than non-members of the

same landholding category. Comparatively, per capita earnings of

classes 7 and 8 are 6 to 8 times as much as classes 1 and 2. Even

thoush the class per capita earnings show an increasing trend induced

by the policy alternatives, in general, the earning gaps amoung them

show no tendency toward closing. For example, under alternative 111

(Run 5) per capita earnings of classes 1 and 2 rise by about 50 taka

during the run period while those of classes 7 and 8 increase by more

than 200 taka. Thus, the earning gaps between classes may widen due

to integrated agricultural development efforts. However, the intended

impact of policy alternative 111 was to increase production and income.

Distributional issues were addressed by other policy alternatives. The

discriminatory input distribution policy under alternative IV (Run 5)

shows an impact of this sort. Cooperative members increase their per
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capita earning faster under policy alternative IV than under alternative

111. Those who are not members of the cooperatives, on the other hand,

increase their per capita earnings less under alternative IV than under

alternative 111. Alternative IV does not help to reduce the earning gap,

but rather it widens it in a different manner due to the distributory

bias towards the group of farmers who are members of cooperatives.

Distributory impacts, however, are more pronounced in alternative V and

VA (Runs 7 and 8) under which income earnings of only classes 1 through

4 increase due to non-farm employment, and in alternative VI (Run 9)

under which classes 1 and 2 receive higher earnings while those of

classes 7 and 8 decline. Population migration under alternative VII

(Run 10) increases per capita earning for all classes but has no signif-

icant effect on distribution.

A more in depth picture of the econdmic condition of farmers

under the impact of various policies is obtained by considering dispos-

able income statistics (Table V1.12) instead of income earnings. Since

disposable income has been defined here in terms of cash flows, it

supposedly indicates the farmers' financial solvancy in maintaining

their consumptive as well as their investment or disinvestment needss.

The financial condition of class 2 farmers is already in deficit in the

base year, and it substantially worsens under the status quo policy

 

5Earning is defined as the return of output values over cash cost, plus

incomes received from wages and other agricultural sources. Disposable

income is defined as the balance of cash income received from crop sales,

wages and other non-rice crops by deducting cash costs of production,

repayment of loans and tax payments.
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(Run 1). What happens is that the yearly income earning does not meet

the staple food and production cost needs of the class, so they have to

borrow. over time their debt piles up to a substantial amount. Most of

the policies help improve their deteriorating disposable income conditions.

However, only a very few can change from a deficit to a surplus. The

impacts of policies III and IV (Runs 5 and 6) cut the deficit that would

have been accumulated under alternative I by two-thirds. Policy alter-

natives V and VA (Runs 7 and 8) improve the situation further, depending

upon the non-farm income opportunities created. The per family disposable

income of class 2 increases substantially under alternative V-of land re-

form (Run 9) or alternative VII of migration (Run 10) to levels which are

sufficient to meet consumption and production expenses without incurring

deficits.

The distributory difference in per family disposable income

between the lowest and the highest income levels is more pronounced than

what has been observed in the case of per capita earning (Table VI.ll).

Under policy alternative I,Class 7 earns 17 times as much disposable in-

come as class 1, and 8 times as much as class 4 (it would be much higher

if class 2 is considered). Even under alternative 111 when there is a

proportionally equal increase in the respective classwise incomes (Run 5),

or under alternative IV when there is discriminatory increases in incomes

of members (Run 7), this ratio still remains more or less the same. Only

under alternatives V through VI does this ratio change.

Under alternative 8 (Run 7) classes 5 through 8 pay taxes on

their earned income which brings down their disposable income by about

1300 taka to 2800 taka from alternative 111 levels. Stiffer taxation in
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the form of a lowered earned income tax floor and higher rates on

cultivated land could lower disposable income further, as is shown by

alternative VA (Run 8). Classes 1 through 4 on the other hand, increase

their disposable income level through added non-farm income generated

under alternative V (Run 7). As a result of simultaneous taxation and

employment the income gaps among all classes show a tendency to be re-

duced under alternative V. However, under alternative VA this reduction

is smaller because of the now discriminatory land tax. In fact, despite

doubling employment wage earning opportunities, the income levels of

classes 1 through 4 fall below alternative 111. Under alternative policy

VI (Run 9) of land redistribution the disposable income of classes 1 and

2 increases to levels higher than can be obtained under any other policy.

Land reform causes the disposable income of classes 7 and 8 to decline.

It is interesting to note that land redistribution results in a greater

reduction of the income of the large landowners than does income taxation

under alternative V.

To further examine the issue of income distribution Gini Ratios

have been calculated on the annual income earnings given by different

policy alternatives (Table V1.13). The Gini Ratio is an aggregate

'measure; it is generally used to indicate the degree of equality (or

inequality) in a distribution. Despite its aggregative bias and its

inherent limitation for reflecting changes in absolute income earnings

6
within the system the Gini Ratio has been used here to obtain a gen-

eral picture of the income distribution impacts of the policy alternatives.

 

6See Riemenschneider (1976) for a discussion on the limitations of

Gini Ratios.
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The base year (1974) Gini Ratio of income earning in this area

has been found to be 0.34467. Far more interesting is the trend shown

by alternative I under which the Gini Ratio falls to 0.3390 in 1981.

In other words, equality of income distribution as observed by this

measure proves an improving trend, which leads us to suspect the concern

expressed earlier about the trend of increasing inequality. That concern,

it seems that, resulted mainly from the declining trend of absolute

income, rather than from the inequality of the distribution as such.

Alternatives IIA or IIB improve the equality in the distribution as

compared to alternative 1. Under alternative IIC, however, the increased

inequality as expressed by the Gini Ratio is primarily a result of the

desubsidization of input prices which reduces absolute income. Thus

it is evident that lifting subsidies from input prices would affect

both absolute income as well as the equality of the distribution. Since

all the policy alternatives 111 through VII include this policy ingredient

they are similarly affected, as can be observed from their respective Gini

Ratios.

For this reason it would be inappropriate to compare Gini Ratios

of the alternatives 111 through VII with the ratio for alternative I or

for the base year. Nevertheless, if we argue only about the resulting

distribution effect, not about its causation, it is obvious that inequality

will increase under policy alternative 111 as compared to the base year.

Although the equality of the distribution improves under policy alternatives

 

7
.

According to Blair (1974) the Gini Ratio of income earning in Bang-

ladesh in 1966-67 was 0.379. Following his argument it is expected

that for Comilla Thana the ratio would be lower.
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VI does a big change in the situation occur; the Gini Ratio for a land

reform policy shows greater equality than is attained by any of the

other policy alternatives, including the present policy.

However, the Gini Ratios have not adequately described the in-

ternal movement of farmers from a lower income level to a higher income

level. Considering the fact that cooperative members get higher income

than non-members, it has been observed that due to the growth of member-

ship from 38 percent of the farmers to 44 percent during the 8-year

period under alternative I, at least 6 percent of the farmers obtain

higher imcomes by the transfer. Similarly, under alternative 111, 23

percent of the farmers who transferred from being non-members to being

members receive higher incomes than they would have obtained if they had

not joined the cooperatives. All of the joiners were benefitted in two

ways - by the policy impact on the agricultural transformation, and by

acquiring the characteristics of members. A close look at the percent-

age breakdown of the families under different policy alternatives further

shows that 18 percent of the farmers holding under 3 acres of land are

benefitted in this way under alternatives 111 through VI. Similarly, of

course, 7 percent of the large farmers were also benefitted.

We might also point out that if Gini Ratios were calculated using

disposable income instead of earnings they would have revealed clearer

information}3 Such Gini Ratios would have shown the effects of tax

deductions from earnings, whereby the disposable incomes of large farmers

 

8The existence of negative disposable income creates problems for

calculating such Gini Ratios. See Riemenschneider (1976) p. 16.
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were brought down in order to attain equality. The Gini Ratios present-

ed here, therefore, do not show the full effects of policy alternatives

V and VA.

Policy Implications

In this section simulated impacts of the experimental policy

alternatives analyzed above are summarized and their implications further

explored.

The simulation experiment provided many insights into the dynamic

consequences of alternative strategies relating to production, employment,

consumption and income of farmers in a region. Particularly illuminating

was the information about the long run consequences of continuing the

present policy and the necessity of searching for better alternatives.

It should be borne in mind that the present policy has been considered

a revolutionary step in stagnant economic situation; the measures embodied

in the base run representing present policy have increased agricultural

growth and have bettered economic conditions in the rural areas. None-

theless, the results of the simulation experiment conducted in this study

show that although agricultural growth would continue if the present

policy is maintained, in the long run the policy would not offset popu-

lation growth. Despite increased total production, employment income due

to the status quo policy, all show a decline in per capita terms pri-

marily for the reason that population growth out paces the present rate

of agricultural growth. In consequence, a continual deterioration of

economic conditions in the rural sector is forseen. While the pinch will

be felt by all classes of farmers, its impact on the 46 percent of near-
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landless farmers will be severe. Their per capita food availability from

farming and their per capita income, which are already at precariously

low levels, will decrease further. In order to survive they will either

have to go deeply into debt, which would ultimately lead them to dis-

invest and become landless, or they will have to be supported by a huge

relief dole (a yearly amount of 50 million taka for this region alone),

mostly from government or donor finances. 0n the other hand, large land

holders would still maintain a production surplus and their savings would

continually grow. The fact is that it is not yearly income as such which

shows the diverging trend; it is rather the accumulated savings which

makes the gap widen between classes of farmers (Tab1e V1.14).

The cooperative members, through their characteristic adoption

of modern agricultural innovations, produce conspicuously larger out-

put. In consequence, production, employment and income of the region and

of the cooperative members increased. The performance differences between

the members and non-members in the same land holding category are con-

sidered not as disparities as such but rather the margin of incentives

provided to overcome the land constraint through technological and

institutional means. Since participation in the cooperatives is not

overly restrictive, any such differences emanating from the system

actually serve as an inducement to join it. However, it has been ob-

served that participation in the cooperatives under the present policy

is not increasing as expected. In the 8-year run period the cooperative

membership rises from 38 percent in the base year to only 44 percent by

1981. Therefore, it hardly could be said that the institutional struct-

ure responded fully to the present policy or that its fruits are widely

shared.
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Table V1.14: Cumulative Savings Under Policy Alternatives (1981)

 

 

 

Policy Per Family Cumulative Savings (Taka) by Landholding

Alternative Category

1 2 3 4

Base Year -736 546 2452 4322

I -15567 8882 35544 58852

IIA -10024 14194 45261 71091

IIB -13887 9284 36914 63076

IIC -15610 8015 35278 58793

III -8340 13494 46034 75210

IV ~8454 14831 49286 76370

V -6368 13796 39508 63745

VA -7394 9315 31452 52479

V1 -2562 13401 46034 58764

VII -4175 14377 47047 76240
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In sum, the general concerns expressed at the outset of the study

about the effects of the present policy are not altogether untrue. The

dynamic analysis clearly shows that long run trends of the present policy

are not adequate for maintaining the status quo. As such several sug-

gested policy alternatives were simulated in order to estimate their

comparitive consequences.

The policy alternatives involve infusion of more technological

changes (alternative IIA). Behavioral changes (alternative IIB) and

institutional changes (alternative IIC) as separate policies as well

as in combination (alternative 111). Technological changes introduced

through alternative IIA are primarily production oriented. Provision

of better seed and irrigation facilities expand the cultivated acreages

and increase the cropping intensity on the one hand, while on the other

they cause an upward shift of the production function resulting in an

increase of crop yield. Together these factors increase aggregate

production as well as profitability, and therefore aggregate income.

In alternative IIB and IIC, however, the increase in production comes

from changes in the resource allocation behavior and managerial character-

istics of the farmers. In alternative IIB, land allocation behavior is

changed towards a new cropping pattern in which HYV crops are more favored,

while at the same time increasing the tendency to use more modern inputs

such as fertilizers. In alternative IIC training and education are pro-

vided through the cooperatives to achieve better managerial capabilities

that helped in increasing production. A decrease in subsidies on input

prices would cause an increase in the costs of production, thereby de-

creasing income (Table V1.15).



Tab1e VI.15:
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Crop Profitability under Policy Alternatives

 

 

 

 

 

 

 

 

 

 

 

 

Run Policy Crop Per Acre Return over Cash Operating

No. Alternative Variety Costs in Crop Seasons (Taka)_

Boro Aus Amon

l I LOC 1112 1170 1237

HYV 2533 2312 2370

2 IIA LOC 1108 1170 1237

HYV 3122 2311 2895

3 IIB LOC 1205 1196 1293

HYV 2603 2299 2362

4 IIC LOC 972 1154 1236

HYV 2376 2242 2306

5 III LOC 1010 1168 1278

HYV 3000 2135 2785

6 IV LOC 1107 1192 1304

HYV 3122 2177 2835

7 V LOC 1010 1168 1278

HYV 3000 2135 2785

8 VA LOC 1010 1168 1278

HYV 3000 2135 2785

9 V1 LOC 1010 1179 1285

HYV 3002 2153 2796

10 VII
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From the results of these policy simulation experiments it

appears that technological changes are by far the most important factor

in productivity growth. Varietal improvement and irrigation expansion

can increase production at a faster rate than can increasing fertilizer

dose or improving managerial capabilities. Similar effects on employ-

ment and income by the respective structural changes are also observed.

When technological changes are introduced through alternative IIA, or

for that matter, through any of the other kinds of changes given by the

respective policy alternatives, it is actually impossible to maintain

the ceteris paribus condition. In fact, the imposition of structural

change of one kind would produce a demand for the other two because of

their complementary interrelationship. To hold them constant would be

a wasteful restriction on full capacity utilization of the transformation.

Conversely, a combination of all the changes in a policy package such

as alternative 111 wouldconsummate the interactions and result in a

larger marginal productivity. In other words, the new meta-production

function defined by the interacting technological, behavioral and

institutional variables through changes under the integrated policy

alternative becomes superior to that defined under alternative IIA,

IIB or IIC. Production, imployment and incomes under alternative 111,

therefore, attain higher levels than they do under any other policy

both in aggregate and class terms.

A closer look at the performance variables for different classes

of farmers under policy alternative 111 shows great improvement compared

to the status quo policy of alternative I. The declining trend of per-

formance in per capita terms as observed in alternative I is stated in
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alternative 111; in fact they showed an increasing trend due to produc-

tivity growth and population reduction. Whether growth rates of the

performance variables could be further increased by changing policy

input levels and how long such an increasing trend would continue

before leveling off or even starting to decline has not been fully

explored in these simulation runs. However, it has been clearly observed

that the new levels of production, employment and incomes of all classes

generated by alternative policy 111 are much higher than could be at-

tained under the status quo policy.

The distributional impacts of the agricultural growth policy

planned under alternative 111, or any part of it (alternatives IIA,

IIB and IIC) need to be examined closely. The resulting higher levels

of performances would help farmers, especially the small ones, to

minimize their deficits and thereby to alleviate extreme poverty con-

ditions. Also, due to the institutional structure of the cooperatives

more farmers would move from lower levels of performance to the higher

levels obtained by members in the land holding category. Sixty one

percent of farmers will be involved in such a distribution pattern as

against 44 percent in alternative I. In fact between the base year and

the end of the run period 23 percent additional farmers who made such

transfers are directly benefitted by this policy. From these consider-

ations it appears that as the organization expands concurrently with

agricultural growth, benefits are spread among a larger mass of the

participants. In other words, the impact of growth is widely distri-

buted rather than being limited only to large land holders or to some

other such small group.
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From this point of view, it appears that the organizational

approach has an inherent capability to attain and to diffuse favorable

impacts of agricultural growth policies. However, under alternative 111

performance disparities among the land holding categories of farmers

show a further widening, possibly more than would occur under alternative

I. In fact, it has been observed that the larger farmers' income increases

at a higher rate than the small farmers' income. It therefore seems

plausible that inequality looms large in the growth oriented policies.

Such a conclusion, though not at variance with findings elsewhere,

strengthens the view that the answer to inequality lies more in the

realm of institutional policy approaches. But institutional policies

do not seem to help reduce income inequality when introduced without

concurrent growth oriented policies, for without growth equality does

not resolve the issue of general poverty. As such, it is all the more

reasonable to expect that additional institutional policy approaches

would be attached to the production oriented policy of alternative 111.

Several policies that are thought to be relevant in limiting

disparities were simulated. The policies that have been experimented

with in this study are preferential policy to small farmers (alternative

IV), taxation and employment at different levels of stringency (alter-

natives V and VA) and land redistribution (alternative VI). Since

population was found to be a very important factor in welfare measure-

ment, a policy of rural migration was also considered. In general,

all these policies are institutional in nature and are aimed primarily

at attaining more equal income distribution.

Under the preferential policy alternative IV, cooperative members

receive a greater amount of inputs and at a lesser price. As a result
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they obtain not only higher output but also higher profit and disposable

income. Although the policy appears to discriminate against the 39 per-

cent of the farmers who are non-members, (36 percent of whom are both

non-members and landless or near landless) the effective discrimination

is actually against only 3 percent of all farmers. Thus, the income

disparities between members and non-members have turned out to be of

lesser importance than those among the members. In that respect alter-

native IV would do the least to reduce the disparity gap; it might

acutally widen the gap. .

The disparity problem emerges as a crucial issue when the lowest

income strata are considered. 46 percent of the farmers who are land-

less or near landless fall in this category, earning as little as 1/10

of the highest income level. Being near landless their main source of

earning is wages from hired labor. policy alternatives V and VA are

aimed at reducing the disparity gap by increasing the non-farm income

of the lowest strata through employment creation, while lowering the

disposable income of the highest strata through taxation. The simulated

results show the policy effectively working to reduce the gap. The more

stringent the policies the more improvement would be made in reducing

the disparity gaps.

The rationale for taxation, however, goes beyond tackling the

issue of income disparities. Land and water development,for example,

is necessary for all landed farmers. If farmers developed land and

water resources by their own efforts, their expenditures would stim-

ulate the rural economy and generate income opportunities for the

landless laborers. The aim of the rural works program is the same as
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this except that it is initiated by the government instead of by the

farmers, who show reluctance to undertake such project themselves.

Under alternative V, the revenues received from the agricultural income

tax is about 9 million taka, which could be rechanneled into the economy

through rural developement programs. If a land tax is imposed at the

same time it would generate 34 million taka. Even if the imposition of

a land tax upon farmers having less than 1 acre is considered punitive

and a less stringent tax schedule devised, the generated tax fund would

lie somewhere between 9 million and 34 million taka, which could be re-

invested in the region in some for or another (Thble VI-l51-

The other alternative for dealing with the dual problem of in-

creasing income for near landless farmers and of decreasing disparity is

through land reform. The present ceiling of land ownership (33.3 acres)

is ineffective in regions where the largest farms are no more than 10

acres in size. If a radical land reform could be made that would bring

down the ceiling to 5 acres, as is assumed in alternative VI, and if the

appropriated land is distributed among the landless, there is a possi-

bility of improving the situation. In fact, this alternative shows

better performances than all others for the lowest income category. It

is interesting to observe that alternative V could be slightly adjusted

so as to provide the same level of class performances as alternative VI.

In other words, a fiscal policy might serve as well as land reform in

(readjusting the performance levels. However, this study has not em-

phasized the investigation of the impact of respective policies on de-

cision making for land allocationand for resource distribution, and

therefore the question of whether production will change has not been

fully resolved.
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Alternative VII clearly indicates the impact of population. If

population could migrate, the pressure would be reduced and performances

would attain better levels. It is, however, understood that at the

national level this policy poses no solution if people migrate from one

part of the country to another, which in fact is happening presently.

Without the prospect of emigration it would be hard to attain any favor-

able result at the national level. So far as the region is concerned,

any shift towards out migration would result in better per capita distri-

bution. D

In sum, different institutional policies would work differently

towards reducing income disparities. The preferential input distribution

policy should increase incomes of cooperative members of all landholding

categories, primarily as a result of input subsidies by the government.

Yet although the preferential policy will help small farmers to increase

their income, it does not help to reduce the disparity gap. A govern-

ment initiated job creation program would increase nonfarm incomes of

agricultural laborers. The more nonfarm income is generated the better

the economic condition of small farmers and the smaller is the disparity

gap. A further reduction of the gap is possible through taxation, and

the more stringent is the tax schedule the smaller the gap. Land re-

distribution could achieve the same objective as taxation and imployment,

and might even do better. Migration, on the other hand, would reduce the

excess labor supply and consumption, and would increase the income of

particular classes. None of these policies, however, would assure perfect

equality or even drastically reduce inequality. Moreover, each policy

has to be weighed not only according to its capacity to reduce disparity,
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but also according to its inherent socio-political and administrative

costs.

At this stage it needs to be mentioned that a string of assumpe

tions have been.made in conducting the simulation experiments. First,

the weather condition has been assumed normal throughout the 8-year run

period. For Bangladesh this is too rigid an assumption since one out of

every five years there is a drought or a flood. Although natural vagaries

would affect all performances they would do so irrespective of policy

alternatives and therefore comparative policy patterns would remain un-

changed.

The second and third assumptions relate to output price and agri-

cultural credit policies. The policy runs are conducted on the basis of

an output price value given by government fixed guaranteed price levels.

Any violent fluctuation beyond normal seasonal variations has not been

accounted for, nor has any declining or increasing price trend over the

run period been considered. Beyond difficulties of projecting such price

levels under uncertain conditions, there has been the expeCtation that

the government through its various mechanisms (e.g., stockpiling, stock

releasing, import and export of rice, and even fixing prices of substi-

tute food products accordingly) would effectively maintain the guaran-

teed price levels in the market. If rice price levels could not be main-

tained at the levels considered here the income figures would change. So

would the relative profitability which may result in smaller changes than

are projected under policy alternative III.

In the area of credit policy, it has been assumed that the total

volume of credit (in kind or in cash) required by the member farmers in

stipulated proportions of production costs (e.g., 40 percent for small
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farmers and 20 percent for large farmers) will be supplied throughout

the run period. In other words, total credit demand will be met even

when it steeply increases over the years.

However, a more probable situation would call for a credit con-

straint resulting in a decrease in credit availability. The effect would

be to either force an increase of self financing by farmers from savings,

in which case their income will further increase, or to force a reduction

in input use, which would decrease production. In this study implications

arising from such a situation have not been fully explored.

The increase of employment under alternative 111 can be achieved

if a definite policy against labor displacing mechanization is effected.

It is assumed that there would be steadfast opposition by the government

to allowing labor displacing machines, but not towards those forms of

implements that complement the agricultural transformation.

It was mentioned at the outset that the simulated policies were

arbitrarily designed, considering their relevancy and usefulness in

tackling problems of a certain region and its agro-economic.character-

istics. In this spirit, we have not attempted an exhaustive treatment

of all possible policy alternatives that might be considered, nor have

we conducted simulation experiments with different possible levels of

input values for particular policies, though such experiments would have

given insights about the degree of intensity with which a policy should

be pursued. Also, no attempt has been made to estimate either financial

or socio-political costs of pursuing the policy alternatives. As such

the policy impacts examined here are primarily concenrned with consequen-

ces at the grass roots.
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One particular aspect that has not be adequately looked into is

the dynamic impact of savings on the transformation of the landholding

structure and on inflation. In the model itself no net change in land-

holding has been assumed during the run period.' Thus, the numbers of

farmers within a specific landholding category would remain constant, al-

though they might transfer from one institutional class to another. It

may, however, be possible that due to deteriorating economic conditions

the rate of disinvestment may greatly increase among the lowest income

category while the highest income category would buy land as their savings

accumulate. In effect, a structural transformation in landholding may

ensue as a result of rapid agricultural transformation so that large farms

will tend to become larger while small ones will become smaller.

0n the other hand, the accumulation of untapped savings in rural

areas may generate an inflationary tendency. It is also likely that

channeling a huge amount of agricultural credit and rural works program

funds into the economy may fuel the inflation. For all these reasons it

may be necessary to devise an adequate fiscal policy to combat the sit-

uation. Primarily, it would be worthwhile to consider a rural savings

program or a rural investment policy under the aegis of cooperatives.

For simulating the impacts of these policies it is, however, necessary

to extend the model to incorporate the organizational component, and

this has not been done in this study. Also for the reasons stated above

it was not possible to simulate effects of a more radical and socialized

policy, e.g., cooperative farming or land collectivism. It seems possible.

however, that this could be done if the system loops were closed by the

inclusion of an organizational component.
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Finally, the simulation experiment entails general implications

about regional policy planning. The experiment shows that policies can

be finely tuned to the need and extent of a homogeneous region such as

a thana with reasonably detailed feedback analysis. Based upon such

information as would come out of such analysis, long term regional pros-

pective plans can be drawn up, implemented, and their impacts monitored.

Although this simulation embodies an essentially decentralized policy

planning mechanism, in fact it could serve the purposes of central plan-

ning effectively because of its firm roots in the region.

Before concluding this chapter we would like to review the

implications of the various policy alternatives in the light of rural

development objectives. It has been indicated earlier (in Chapter III)

that objectives can be set singly or collectively in terms of agricul-

tural growth and equity related to production, employment, consumption

and income in the region. When the objective function contains only one

objective the policy strategy and the method for decision making are fair-

lystraightforward and unencumbered by complexity. However, in reality

none of the objectives by themselves are less important than any of the

others; or to look at the matter the other way, emphasizing just one

objective for policy attention while leaving the rest aside does not

solve rural development problems. The truth of this latter observation

has been amply demonstrated by the results obtained from this study.

As such, it is imperative that before policy action is undertaken the

multiple objective function be clearly defined, so as to avoid conflict

among objectives and so as to determine the stress priority which should

be given to each objective. Since different policies interact in different
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ways and attain different levels of performance of individual objectives

within the objective function, it is also necessary that the goals should

be described according to their importance and requirements before policy

strategies are sought. In that search for policies capable of achieving

the desired goals, the consequences and implications of the alternative

strategies as presented in this study should be helpful (Table V1.17).

By now it may be apparent that we have tried to present policy

impacts on production, employment, consumption, income, distribution and

equity objectively, but have carefully refrained from ranking the policies

according to their suitability. We have not recommended any particular

policy. This position is taken for various reasons discussed earlier

(in Chapter III). The clarification and ranking of goals should precede

the ranking of strategies. It is the decision maker, in any event, who

weighs goals on the basis of the socio-economic and political climate.

Secondly, the social, political, financial and administrative costs of

the various alternatives have not been calculated in this study. No

ranking can be done until such information on costs as well as benefits

is available. Third, the model might require sharpening. Further vali-

dation and data improvements in order to increase the credibility of the

policy results. For all these reasons we have limited ourselves to the

present role of presenting information to help decision makers, rather

than imposing a decision upon them. In fact, the thrust of our whole

approach of introducing the systems simulation technique into the domain

of economic analysis has been to facilitate the decision making process,

not to duplicate it.
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Table V1.17. Impacts of Policy Alternatives on Aggregate Performances

in 1981

Alternatives Production Consumption Employment Vaue Per Capita

 

(Thous. (Thous. (Thous. Added Earning

mds.) mds.) mandays) by (Taka)

Family

(mil.

_iTaka)

Base Year 1474 650 3892 142.9 581

I 1724 760 4342 165.0 546

IIa 2031 783 ‘ 4726 1983 653

IIb 1899 765 4559 175.3 593

IIC 1896 774 4694 172.1 570

III 2472 797 5394 218.1 788

IV 2476 791 5398 228.4 759

V 2472 797 5594 218.1 744

VA 2472 797 5794 218.1 749

VI 2486 822 5427 219.3 743

V11 2472 756 5394 218.1 796



CHAPTER VII

SUMMARY AND CONCLUSION

Summar

This study has emerged from a concern about the structural

change effects of the agricultural transformation presently being

undertaken in Bangladesh. The combination of new technology in

agricultural production and institutional innovations in cooperative

organization has undoubtedly caused agricultural growth in the

country. In the attempt to become self-sufficient the goal of

agricultural development was predominantly that of increasing pro-

duction. Equity of income distribution was left out of the goal

function as a minor issue. With the agricultural transformation,

however, the concomitant problem of inequity increasingly came to

the surface, and policy makers in Bangladesh are presently searching

for suitable alternative rural development strategies to alleviate

it. The present study was launched to examine possible economic

consequences with respect to both growth and equity of alternative

policies on the rural economy.

We have argued that the concern of policy analysis for growth

and equity should be matched by a new analytic perspective because

of the advent of the Integrated Rural Development System. The

integration of technological, behavioral and institutional changes

251
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through the initiatives of intermediate level organizations has

created a new system for development. Little is presently known

about the interactions within the new system but they must be fully

understood if policy analysis in this new context is to be effective.

Furthermore, when the nature of the policy objective function changes

from that of a function with a single objective of growth to a

function that includes equity considerations, the inherent trade-

offs involved in policy choices make decision making difficult, and

policy planning and evaluation analytically challenging. The com-

plexity of the problem increases further when a dynamic analysis of

long term policy effects is sought. Effective policy planning is

therefore restricted by an inadequate understanding of system inter-

actions and by deficiencies in analytic methodology.

In this study the systems analytic approach was used to des-

cribe the integrated rural development system and the interrelation-

ship within it. In order to generate the dynamic effects of

alternative policies a computer simulation model was constructed.

After testing the model for validity and after testing the variables

for sensitivity, an implementation experiment was conducted with ten

policy alternatives.

Although a conceptual version of the integrated rural develop—

ment system model was presented, complete operationalization of all

of its components was not possible due to resource limitations.

Mathematical models of five out of a total of eight components were

constructed; these five components cover the farm, production, con-

sumption, income and accounting components of the total system. The
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farm population of the region (where the integrated rural develop-

ment system was assumed to operate in a closed loop) was dis—

aggregated into eight classes according to levels of landholding

and cooperative membership. The farm component generated data for

population, land holdings, institutional membership and agricultural

labor supplies, along with dynamic changes and interclass transfers

for these variables. It also generated seasonal land allocation

to each variety of rice crop. The production component generated

crop yield rates, output production,and the use of inputs including

human labor and the cost of production. Output disposal, consumption

and inventory operations were modeled in the consumption component.

The income component maintained a financial accounting of the case

transactions made by the different classes, e.g. revenue, expenses,

credit, debt, repayment, savings, and cash balance. The accounting

component primarily kept track of the system output and performance

criteria on a seasonal and yearly basis. In particular, the output

of the accounting component generated the information used in the

policy analysis.

The systems simulation model was then subjected to various

means of viability testing. The model was operationalized on the

computer with initial data selected from the real system. The out-

put provided by the structural equations was intuitively appraised,

cross checked and in some cases compared with secondary information.

The validation process included consistency checks and tests of

sensitivity. The 21 sensitivity test runs, made with various vari-

ables of the model, provided a great deal of information on validity,
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some of which was used to refine the model. The tests also provided

a basis for understanding the nature of the impact of various policy

alternatives.

To test the impact of 10 alternative policies including the

one presently pursued, a simulation experiment was designed. The 10

policies were selected so that they would represent a wide range of

technological and institutional ingredients which might realistically

be selected in the simultaneous pursuit of growth and equity. Each

alternative policy was closely examined according to its impact on

production, employment, consumption and income performance, both in

aggregate terms and in terms of class distribution. By examining

intertemporal changes in each classes performances under different

policies, and by comparing these results with performances of other

classes, it was possible to evaluate consequences of the policies and

to explore their implications. Although the results were considered

tentative, they provided many useful perspectives for planners and

decision makers, The study thus introduced a new approach to policy

planning and evaluation in the area of rural development, this approach

may have applicability in developing countries in general and in

Bangladesh in particular.

'Conclusions
*v—VVVfi
 

In this section major conclusions derived from various areas

of the study are presented. The conclusions cover areas such as

conceptualization of the policy analysis framework, construction of

the systems simulation model, and policy simulation experiments.
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Limitations of the study, areas in which improvements and extension

of the model are called for, and directions for further research are

mentioned in the next section.

a) Rural development objectives are multiple in number and

interrelated in nature. Long run incongruity in achievement generally

results from omitting or slighting certain objectives at the time of

goal formulation. To avoid such a conflict all objectives important

to rural life should be considered in the objective function.

b) Structural changes resulting from agricultural trans-

formation are non-spurious and necessary for rural development.

Structural changes can be brought about through the propagation of

a combination of technological, behavioral and institutional inputs

whose integration and interaction are effected in the integrated

rural development system. In the process of propagating these inputs,

it is necessary to have control over their manipulation in order to

attain the goals of the multiple objective function. Policy direc-

tion is needed for such purposes.

c) A rapid and viable agricultural transformation can be

attained through the intermediate level organization approach.

Technological, behavioral and institutional changes can be effectively

integrated and introduced for better performances. The impacts of

integrated changes are far more impressive than are those caused

by only one kind of change. It is possible that the introduction of

only one kind of change may even be ineffective because of its in-

herent interdependence with another.
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d) Distributive problems arise mainly from the initial

structural conditions, from the process of implementing the trans-

portation, and from the inflexibilities of the institutional system

in accommodating changes. Solutions to such problems are to be

found in the realm of institutional policy. Before a policy change

is implemented, though, its long term consequences should be examined,

and its implications for the multiple goals of rural development

should be explored.

e) The formulation of rural development policies should be

based on a clear understanding of the integrated rural development

system. The mechanisms of that system, however, are new, imperfectly

understood, and complex. The systems analysis approach makes an in

depth understanding of its complex interrelationships possible by

dividing the system into building blocks and tracking the linkages

within and among them. Mathematical representation of the inter-

actions is both precise and thorough, and provides scope to capture

the interplay of efforts in the integrated development process.

f) While it is desirable to examine the long run effects of

policies relative to policy goals, it is difficult analytically to

model all the dynamic interactions. The difficulty is compounded

for a system which has just come into existence and whose inter-

actions are still emerging and imperfectly understood. A computer

simulation technique that describes dynamic interactions along a

sequential time path helps overcome this difficulty. It has been

found particularly suitable for exploring a system which itself is

in an experimental stage but the technique may require future modificav

tion to more accurately reflect reality.
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g) Disaggregation, whether by class, crop varieties, regions

or structural changes, has been found to be a very useful way of

generating information. It provides a basis for comparing perfor-

mances of different disaggregated units and evaluating policy impacts

on them more closely. This technique cuts across the aggregation

bias by identifying the otherwise hidden perfromances of disaggregated

units. As a result, decision makers can focus on the important con-

siderations.

h) Though the jurisdiction of an intermediate level organiza-

tion -- the Thana -- conditioned the definition of the system, the

regional approach was found to have methodological merit as well.

In a way, the Thana is a disaggregated unit of the country. The

system is close enough to the grassroots so that micro-elements could

be studied in detail. At the same time this level is close enough

to the macro level so that the impact of policies could be delineated.

The mini-macro level, as we may call it, provided an adequate basis

for effective policy formulation and analysis. This leads to the

conclusion that rural development planning can be decentralized at

the Thana level, where local policies and plans can be set according

to the needs and problems of the area. In effect, the implementation

and monitoring of national plans can be perceived from this mini-

macro level, and in a much better manner. Analytically, a closed

system in a small area is found to be much simpler to handle than

the total country. On the other hand, the aggregation of such a

disaggregated system is easier to achieve than the other way

around.
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i) Although aggregate production, employment and income will

continue to grow under the present policy, they will show a long run

decline in per capita terms. This happens because agricultural growth

falls behind the present rate of population growth. Therefore, to

maintain present per capita performance it is necessary that the pre-

sent policy be changed in favor of further agricultural growth.

j) In fact, the effect of the present rate of population

growth was found to severely limit the impact of even a high

agricultural growth rate. As such, it is urgently important that an

effective population policy be imposed in order to reduce the pressure

on the rural sector.

k) Higher agricultural growth can be obtained through a

combined policy package such as alternative III. Under this policy,

in the eight year period aggregate production of the Thana can be

increased by 68 percent, aggregate employment by 39 percent and

aggregate income earning by 53 percent compared to the base year.

Comparable results for the present policy are increases of 17 percent,

12 percent, and 16 percent, respectively. (With a higher level of

input supply, the performance of both the present policy and of the

growth oriented combined policy package could be improved.)

1) The demand for physical inputs under production oriented

policy alternatives will continually increase. By 1981 the demand

for HYV seed may double, and that for chemical fertilizer and in-

stitutional credit may treble, depending upon the nature and extent

of the policies adopted. To sustain the agricultural growth en-

visaged such demands for inputs must be met.
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m) Although the area is developing a surplus in rice pro-

duction, the rice consumption of classes holding little land is be-

low the normal intake requirement. However, the consumption levels

in this study are considered underestimates due to the exclusion from

the simulation of off-farm incomes. 0n the other hand, the simulation

suggests that the improvement of the consumption levels of these

classes requires off-farm income opportunities through the provision

of employment or doles.

n) Despite increases in agricultural labor demand resulting

from the agricultural transformation the unemployment situation will

not greatly improve. In fact, in the long run the increases in labor

supply will outweigh the increases in labor demand. Although agri-

culture provides the largest scope for labor use, it is able to

absorb less than a quarter of the total available labor. Employment

creation is necessary to generate non-farm incomes for the landless

and near-landless class, who are found to be in a distressed condition

that deteriorates in the long run. Unless employment opportunities

are created within and beyond the agricultural sector through public

or private means the condition of these classes of farmers will

further deteriorate.

o) The disparity gap between classes of farmers in terms of

production, and income is observable. The larger the land holding,

the higher is the level of production and income. Cooperative

members show better performances than non-members of the same land

holding category, almost attaining the level of performances of non-

members in the nect higher land holding category. The impact of the
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agricultural transformation adds to the disparity as well as providing

incentives. Additionally, it has been observed that the disparity

gap in income among classes of farmers widens as the pace of agri-

cultural transformation accelerates.

p) Equity should be considered to be as important a goal of

rural development as growth, but equity without growth, or vice versa,

would constitute a less meaningful strategy for rural development.

To attain equity it is necessary to pursue institutional policies that

help to reduce the disparity gaps without decelerating agricultural

growth. This can be done by increasing the incomes of the lower land

holding category, while simultaneously constraining or reducing the

incomes of the farmers in the higher land holding category. The policy

of agricultural taxation with employment creation and the policy of

land reform possess such characteristics. Both of these policies

intervene in the system in order to divert resources from larger

farmers to smaller ones. However, in land refbrm, it may be dif-

ficult to determine the appropriate 1and holding ceiling that would

be effective for reaching the distributional objective. Such a prob-

lem is less severe in determining an appropriate tax schedule and in

fact taxation and employment creation may achieve almost the same

effects as land reform without heavy socio-political stress.

q) Different institutional policies have differing impacts

on aggregate performances. Land reform may increase aggregate pro-

duction and employment but its impact on aggregate income will be

insignificant. Under the taxation and employment generating policy

aggregate employment and income will increase but not aggregate
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production. Aggregate income under the policy of preferential input

price and distribution will be affected but its impact on aggregate

production and employment will be insignificant. The policy of

orderly out-migration will have an impact only on the per capita in-

come. With such varying performances the choice of policy thus depends

upon the choice of goals by decision matters.

Need for Improvement and Direction for Use of the Model

Many of the limitations of this study have emanated from the

paucity of data. The most important limitation is the non-availa-

bility of non-farm income and non-rice crop data. While aggregate

estimates of such information might possibly be made, the difficulties

arise in disaggregating them classwise. Similar problems arise in

determining the proportions of total land under cultivation, under

high yielding varieties and under sharecropping, in determining the

rate of changes hithese proportions, and in determining the fertilizer

doses used for different crops, the proportion of labor used for

hiring out and such values of the variables. The accuracy of all of

these disaggregated data is important, since the model has been shown

to be sensitive to variation in these variables. Although data on

these general subjects is usually collected by relevant agencies or

institutions, it is reported in aggregate forms. By obtaining the

primary data from the collecting institutions the disaggregated in-

formation could be compiled as needed. Otherwise, it might be

necessary to launch a small scale sample survey in the area for ob-

taining such data.
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Improvement in data by itself will improve model performance.

However, the model also needs to be refined in certain other areas.

First, except for the production function most of the dynamic growth

functions used in the model are of a linear form, primarily because

data was insufficient to indicate non linearity. As data becomes

available the linear growth functions should be revised to non-linear

forms in order to introduce more realism into the model.‘ Second, a

few aspects of the system were inadequately considered. These in-

clude cash rent, non-farm income, nonerice and non-food crop produc-

tion, demand and supply of credit, animal power and other inputs.

Mddeling of these aspects of the system should be refined. Third,

price projection, particularly of output, needs further improvement.

Instead of fixing the average prices from the government support-

price level, prices should be made dependent on the market. Price

fluctuations due to the interaction of the demand for and supply of

outputs will have an impact on the incomes of farmers. Demand and

supply need to be properly projected within the model.

Another important limitation of the model, and the most

important requirement for future research, lies in the area of the

resource allocation decisions and the organization of farmers. In

fact, without the inclusion of these factors in the model the

representation of the integrated rural development system remains

incomplete and its effectiveness is less than fully determined.

With their inclusion the system loop would close accounting for the

feedbacks resulting from relative profitabilities, adoption of agri-

cultural transformation, savings and credit generation, etc. From
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this point of view the present model is a foundation upon which new

components should be attached. However, the present model has been

designed with enough flexibility so that it can be easily extended

to include these missing components without any major change.

Last, but not least, social, educational and health aspects

of development must be included in the system. Once the loop of the

systems model is closed through the addition of allocation decision

making and organization, these aspects can be attached to the model.

This would undoubtedly make the system model complex, but it would

provide a more meaningful representation of the real system as well

as a powerful tool for intermediate level policy planning.

For future work on this model it is advisable that those areas

should be selected which have high payoff and priorities over other

parts. In this context it might be suggested that the model should be

refined before it is extended to include other components. For example,

credit, non-rice food and non-food consumption, agricultural invest-

ments, etc. should be included. If extension of the model is intended,

the high payoff components would be modernization and organization,

the inclusion of which would practically close the system loop.

Further work in these areas would greatly improve the effectiveness of

the model so far as integrated rural development policy planning and

evaluation are concerned.

No matter whether these extensions are made or not, the system

simulation model in its present form or in an improved version can

be applied for other Thanas of the country. Primarily, this would in-

volve the replacement of present data by local data; however, certain
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characteristics of the new area, if different than those modeled here,

may call for the revision of some equations. If the model's work-

ability in different Thanas is found suitable, it can be utilized in

generating information for all Thanas. The subsequent task would be

to develop a national aggregate model enveloping the Thana models.

The model can be used at least in two ways: for national

policy planning and for decentralized Thana development planning. In

national policy planning the model can be used for selecting adequate

policies by studying their long term consequences and implications.

For that purpose any typical Thana (not necessarily Comilla).can

be selected as a sample whose relevant data would be fed into the

computer model for generating required information. Since the

Bangladesh Planning Commission is primarily responsible for policy

planning, it is expected that this work would be carried out by them.

For Thana development planning it would be advisable for a

coordinating institution such as IRDP which has access to computer

facilities to assist the Thana planning organization to run the com-

puter model, to analyze the output and to develop a plan. A beginning

in this direction could be made by experimenting in Comilla Thana,

which has in the past pioneered such experimental work. Supervision

of the experiment could be entrusted to the Bangladesh Academy for

Rural Development which, if the venture is found suitable, can make

recommendations for replication by IRDP. Through such an experimental

process the viability of Thana development planning would be tested

and the usefulness of the model as a tool could be verified.
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