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ABSTRACT

ECONOMIC ANALYSIS OF TUBEWELL IRRIGATION
IN BANGLADESH

By

Rais Uddin Ahmed

The study was undertaken with three main objectives:
1) to investigate the monetary profitability of investment
in tubewell irrigation in Bangladesh, 2) to investigate the
relative merit, measured in monetary terms, of various tech-
nical alternatives available in the installation and opera-
tion of tubewells for irrigation in Bangladesh, 3) to
investigate the impact of tubewell irrigation on employment
generation. Some policy implications involved in the process
of adjustment from non-irrigated to irrigated farming were
also indicated.

A linear programming model with appropriate constraints
was employed to project cropping pattern under irrigation.
The net effect of irrigation was measured by deducting the
net monetary benefits of non-irrigated farming from the net
monetary benefits of irrigated farming. This net effect of
irrigation was measured by the criteria of the benefit-cost
ratio, the internal rate of return, and the net present

value for comparing the technical alternatives available in
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tubewell installation. For similar comparison of these
technical alternatives from the point of view of employment
generation, marginal employment-investment ratios were con-
structed. The change in the level of employment in agricul-
ture due to irrigation was measured. Demand functions for
labor under irrigated conditions were also estimated. Sen-
sitivity tests were conducted to investigate the variations
in the results for various values of important parameters.

The results of the programming model indicated that,
with the existing relative prices of jute and rice, jute
production might not be undertaken by the farmers in the
irrigated areas. Considering the position of jute with its
synthetic competitors in the world market, a cost-minimizing
technological breakthrough in jute production is essential.
Farmers' working capital requirement for irrigated cropping
was found to have important effects on cropping intensity;
availability of working capital at or below Rs. 400 per
season, particularly in the Boro season, might restrict
cropping intensity below 234 percent in the irrigated areas.
The net income to individual farmers from crop production
under irrigated conditions was estimated to go up by more
than 108 percent over the present income from farming.

The internal rates of returns for various technical
alternatives available in the installation of tubewells were
found to vary from 24.6 to 40.1 percent. Drilling technique

and type of engines had higher influence on the rates of
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returns compared to other elements in the technical alter-
natives. However, with a range of low and high values of
important parameters, the range of the rate of returns was
found to widen substantially. It ranged from a negative
internal rate of return to as high as 95 percent. The yield
rates of crops, prices, the rate of utilization of a well,
and the time lag in reaching full development were found to
be the factors to which the results were most sensitive.

The ranking of the technical alternatives available
in the installation of tubewells in Bangladesh showed the
same pattern from the points of view of both income and
employment generation. Low cost wells were generally found
superior to high cost wells both in income and in employment
creation. It was estimated that one tubewell generated an
additional 139,765 mandays of work for unskilled workers and
9.900 mandays of work for skilled workers over a 20 years
period. This is equivalent to a permanent job creation for
21.2 unskilled workers and 1.5 skilled workers. About 93
percent of the total additional employment created was found
to originate in crop production activities. The per acre
demand for all labor was estimated to go up by 112 percent
due to a shift from a low-yielding local variety to a high-
yielding new variety of rice. The per acre demand for
hired labor was estimated to go up by 149 percent for a
similar shift. The wage elasticity of demand for all labor

per acre was estimated to be -0.46, and that of hired 1labor,
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~-1.55. The per acre demand for all labor was found to be
negatively related with farm size and the per acre demand
for hired labor was found to be positively related with farm
size.

The incremental labor requirement for an irrigated
cropping pattern was estimated to be 109 percent over that
for a non-irrigated cropping pattern. Assuming static wage
rates and farm sizes, about 62 percent of the increased labor
requirement could be attributed to the new high-yielding
varieties. The remaining 38 percent was attributable to the
increased cropping intensity made possible by irrigation.

The important policy implications of the results of
the study relate mainly to resource allocation. Various
measures constructed in the study to evaluate income and
employment generations from various types of tubewells will
provide guidelines for sectoral and sub-sectoral allocation
of investments. Impact of irrigation programs on regional
imbalance in income and agricultural employment and the
implication of such programs for marketing, agricultural

extension and research were also indicated.
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CHAPTER I
INTRODUCTION

The General Level of Economic Activity

Before the recent war with Pakistan, the population
of Bangladesh was estimated to be 75 million in 1970 with
an annual growth rate of about 3.0 percent.1 Aéainst this
population estimate, the total cultivated area in Bangladesh
is only 24 million acres, the per capita land resource being
only 0.32 acres. There is little scope for further extension
of the cultivated land area. Per capita income, as calcu-
lated by a Commission on National Income was only Rs. 315
in 1965.2 The war caused large scale destruction to the
economic infra-structures and the means of production, so
that the per capita income in the years just following the
war is expected to go down further.

Agriculture is the largest sector in the economy.

During the past few years, little structural change has

occurred in the economy with the resulting contribution of

lEast Pakistan (now Bangladesh), Bureau of Statistics,
Statistical Digest, 1966, (Dacca Secretariat Buildings,
1966), p. 1l.

2Government of Pakistan, National Income Commission,
Final Report of the National Income Commission, (Karachi,
T80, 1965), p. 4I.




agriculture to the Gross Domestic Product falling from about
61 percent in 1959/60 to only 56 percent in 1967/68.3 How-
ever, after the war, the economy may have reverted to the
structural status of the early fifties due to the destructive
impact of the war on industrial units, institutions for trade
and commerce, communications, ports, and skilled labor force.

Agriculture will naturally continue as a dominant sector for

a long period in the economy of Bangladesh.

Role of Agriculture in Economic Development

The importance of agriculture in the economic develop-
ment of Bangladesh will be apparent upon consideration of the
following factors:

a. Approximately 85 percent of the civilian labor force
was employed in agriculture in 1961.4 Comparison with the
1951 Census figures indicates that the growth of agricultural
labor force during the decade of the fifties was 33.79 per-
cent as compared to 16.17 percent growth in the non-agricul-
tural labor force. Essentially the same growth rate
characterizes the decade of the sixties. Any program for
providing increased welfare to majority of the people in the

country must stress priority on agriculture.

3East Pakistan (now Bangladesh), Planning Department,
Economic Survey 1967-68, (Dacca, Government Press, 1968),
P. 2.

4Pakistan, Bureau of Census, 1961 Population Census,
(Karachi, Government Press, 1963).




b. Agriculture is the largest source of foreign exchange
earnings for the country; during the period from 1960/61 to
1965/66, the export of Jute products alone accounted for an
average of approximately 84 percent of the total value of
exports from the country. In the initial stage of develop-
ment it will remain in that position. Lack of foreign ex-
change constrains the exchange of domestic savings for
physical equipment and other productive inputs from abroad.

c. Food products from agriculture are the major wage
goods in the economy. If agriculture fails to provide an
adequate and relatively cheap supply of food to other sectors,
higher wage demand and concomitant labor unrest may choke
the process of increasing production and employment in non-
agricultural sectors. Agriculture may, in turn, be adversely
affected, thus, becoming unable to supply cheap food and
adequate raw materials to industry.

d. Rising agricultural income is necessary for providing
market outlets for the bulk of the industrial products,
acting as an indirect stimulant to industrial growth.

e. Agriculture being the largest sector, the burden of
capital accumulation will have to be borne substantially by

this sector during the initial phase of development.



Importance of Irrigation in
Agricultural Development

Growth of agriculture has been slow in the past.
Rice accounts for about 85 percent of the value of all crops.
Taking the growth rates of rice as an indicator, the average
annual growth rate of agriculture during the decade of the
sixties is only 2.1 percent. Rates of increase in the pro-
duction of rice fell far short of the rates of increase in
the domestic demand during this period, mainly due to higher
growth rate of population. As a result, the import require-
ment went up sharply. Though part of the increased demand
for rice was offset by higher prices, increased imports
represented about 8 percent of the total consumption in the
five year period from 1960 to 1965 and about 10 percent
during the following three years.5 More menacing is the
annual fluctuations in production arising mainly from natural
factors. Crop production is heavily dependent on rainfall
which is often untimely and inadequate. Only about 5 percent
of the total cropped area was under any kind of artificial
irrigation by 1968. Excessive rainfall may cause flood and
inadequate rainfall may cause drought, both with substantial
damage to crops. Absence of rainfall in the winter season

has led to a cropping pattern in which cultivation is

5East Pakistan (Bangladesh), Planning Department,
Programme for Attainment of Self-Sufficiency in Food Pro-
duction by 1970, (Dacca, Government Press, 1968), p. 2.




concentrated in the rainy season. In winter, about 75 per-
cent of the cultivated land remains fallow. Without con-
trolled water supply, investment in agriculture becomes
risky. Provision of a controlled water supply through irri-
gation projects is likely to achieve the following major
results:

1. It will facilitate the use of most of the land
presently lying fallow in the winter season.

2. It will increase production not only by reducing
damage from drought, but also by providing suitable condi-
tions for introduction of new high yielding varieties and
heavier fertilizer application. )

3. It will reduce violent fluctuations in production

and provide a healthy environment for investment in agri-

culture.

Important Planning Questions

Irrigation is important in improving productivity in
agriculture; however, the agricultural planners are beseiged
with questions in the process of planning such irrigation
programs. First, any big program of irrigation within a
short or medium run plan will require some external financing,
the main source in the past being the World Bank. Such
external lenders make a point of assuring, before providing
funds, that the investment is socially profitable. Even if
domestic savings are used in financing such projects, it is

desirable to determine the expected rate of return so that



the planning process can insure the allocation of limited
investible funds to the best alternatives.

Second, from the global point of view, provision of
irrigation poses a number of alternatives: irrigation by
tubewells using underground water, irrigation by small low-
lift pumps without major construction, and irrigation by
large pumps involving large construction. Some of these
alternatives may be location specific, i.e., the economic
advantages of one over the other may appear obvious from
their technical advantages in relation to the location. But
even in such a situation, the rate of return from various
alternatives will provide some guidelines in setting priority
among these various alternatives.

Third, various alternatives can be adjusted internally,
in various ways; for example, tubewells can be drilled either
manually or by machine. Similarly, electric power or diesel
engines can be used to pump the wells. The economic impli-
cations of these various methods are not well understood.

Fourth, with introduction of irrigation, the new
seed-fertilizer technology will tilt the comparative advantage
of one crop against the other because of the differential
success in the evolution of high yielding varieties of various
crops. These effects are likely to cause reallocations of
resources to various enterprises and feadjustments in the
relative price structures.

Fifth, the generation of employment will perhaps be

one of the major social objectives of the national plans.



To fulfill this objective the planners must consider the
employment effects of investment alternatives.

Last, in the appraisal of irrigation projects im-
perfect knowledge of the future stands out as a challenging
problem. Future costs and returns and their determining
factors are uncertain and difficult to forecast. Sensitivity
analysis is, therefore, necessary to identify the important
but uncertain parameters which have a relatively higher in-
fluence on the outcome. It is desirable to indicate the
variations in the outcome within the probable range of vari-

ations in such parameters.

Objectives of the Study

In the previous section we have listed a number of
questions generally encountered in the process of planning
irrigation programs. Appropriate information on all of the
questions can not be generated in one study with limited
resources and time available. The present study is, there-
fore, undertaken with a modest set of objectives, that of
seeking solutions to some of the important questions.
Specifically, the objectives are as follows:

1. Determination of the monetary profitability of in-
vestment in tubewell irrigation from society's point of view
(with a limited attention to private profitability), in one

area of Bangladesh.



2. Investigation of the relative merit, measured mainly
in monetary terms, of various technical alternatives avail-
able in the installation and operation of tubewells for
irrigation.

3. Investigation of the impact of tubewell irrigation
on employment generation.

Efforts are also made to bring out possible major
policy implications, which might arise in the process of
adjustment from a non-irrigated to an irrigated cropping
pattern. Attempts are also made to investigate the vari-
ability of monetary profit due to variations in the value
of different parameters which are of uncertain nature,
thereby identifying the important areas for further inten-
sive studies.

Evaluation of the effects of irrigation on the future
pattern of income distribution in the study area will not be
attempted. This is not to say that the income distribution
is an unimportant issue. The main reason for the exclusion
of any treatment of the issue of income distribution is the
lack of appropriate data, and the limited time and resources
available to the author. Moreover, the objectives of income
distribution and employment are closely related. Generally,
the unemployed people are the poorer group in the distri-
bution of income. Thus, the impact of any public program on
the employment generation will indirectly measure the impact

of such programs on the pattern of income distribution.



However, the present pattern of the distribution of agricul-
tural income (excluding the landless laborers) in Bangladesh
is considered relatively uniform. The following evidence

is cited to support this hypothesis of uniform distribution

of agricultural income in Bangladesh:

1. Farm sizes are relatively uniform. About 70 percent
of the farms in 1960 were within the size group of 2.5 to
7.5 acres; about 7 percent within 7.5 to 12.5 acres; less
than one percent of the farms were above 25 acres; and about
22 percent of the farms were under 2.5 acres.6

2. Farm sizes are positively correlated with the family
sizes.7 Thus, whatever absolute income differential may
arise due to the differences in farm size, will tend to
further even out on a per capita basis.

3. Different farm management studies in Bangladesh
indicate that with the existing technology smaller farms are
more productive (product per acre) than the large ones.8

However, the present uniform pattern of agricultural

income distribution does not guarantee a continuation of the

6Governmeent of Pakistan, Bureau of Census, Agricul-
tural Census 1960, (Karachi, Government Press, 1962), p. .

7

Ibid., pp. 83-86.

8M. Habibullah, Large Agricultural Farms in East
Pakistan: Do They Serve National Objectives? (Paper pre-
sented i1n the Annual Meeting of the Economics Association,
Karachi, 1968.) For further information see reference at
the end of the paper.
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same pattern in the future under a different set of techno-
logical conditions of production. The future pattern will
depend on government policy towards new technology as a
vehicle of agricultural development. Discussion on such
policies can be found elsewhere.9 The independence of Bang-
ladesh was obtained through a tremendous sacrifice and the
aspirations of people were heightened with independence. Any
policy which will create income polarization will, perhaps,

cause political turmoil.

9F. Johnston and John Cownie, "The Seed Fertilizer
Revolution and Labor Force Absorption", American Economic
Review, 59 (September, 1969). Also see: Walter P. Falcon,
"Green Revolution: Second-Generation Problems", American
Journal of Agricultural Economics, Vol. 25 (December, 1970).




CHAPTER II

MAIN FEATURES OF AGRICULTURE IN BANGLADESH

AND THE STUDY AREA

Bangladesh is located between 20°-30" and 260-45' of
North Latitude and 88° and;90°-56' East Longitude and has a
total area of 55,126 square miles. It is'a vast delta in the
Bangal Basin served by three major river systems-~-the Ganges,
the Brahmaputra, and the Meghna. 1Its climate, demography,
hydrography and soil have combined to influence the evolu--

tion of Bangladesh's prasent agriculture.

Climate

The climate of Bangladesh may be described as 'tropi-
cal monsoon' with warm and wet summer and a cooler dry
winter. The monsoons bring very heavy rainfall for five
months, from the end of May to mid-October. The sky remains
cloudy and the average total rainfall in these months varies
from 48.11" at Rajshahi, and 58.34" at Narayangani, to 127.37"

at Cox's Bazar and over 200" in the northern parts of Sylhetl

lHarouner Rashid, East Pakistan, A Systematic Regional
Geography and Its Development Planning Aspects, (Karachi,
Ghulam Ali and Sons, 1967), p. 59.

11
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(See Appendix I). The timing of the arrival of the monsoon
rains is very important to the agriculture of the country.
Heavy early rains can destroy the Aus rice crop. Heavy late
rains are even worse; they may destroy both the Aman rice

and the jute crops. Inadequate and untimely rainfall may
delay planting or cause serious inhibitions to crop growth.
The average temperature varies from 69°F to 89°F. The
temperature starts falling in October; January is the coldest
month. From the beginning of February, temperature gradually
rises. The night temperature goes down to about 47°F in
January in Srimangal, the coldest place in Bangladesh. 1In
the same place, the day temperature in January remains at
about 80°F. In most other parts of the country the ranges

of maximum and minimum temperatures are between 530F to 78°F
in winter and 78°F to 90°F in summer. Such a distribution

of temperatures generally favors year round crop production
without serious problems of photosynthesis.

Relative humidity is quite high throughout the year,
it being everywhere over 80 percent during the months from
June to September.z The northern part is relatively less
humid than the rest of the country. March and April are the
least humid months. Fogs and mist which are a common feature
of the weather from November to March, do not pose any crop

production problem.

21pid., p. 64.
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Soil

There has been no systematic and detailed work on
soil classification in Bangladesh. The Ministry of Agricul-
ture classifies the soils in Bangladesh into seven types
based on geological origin and physio-chemical properties
such as color, texture, composition, size of particles, PH,
etc. Consistent with these soil types the following soil
tracts are identified:3

a. Madhupur tract

b. Barind tract

c. Gangetic alluvium

d. Teesta Silt

e. Brahmaputra alluvium

f. Coastal Saline tract

g. Chittagong Hill tracts
Rashid classified land in Bangladesh into twenty regions with
fifty-seven sub-regions on the basis of physical features and
drainage patterns.4 Land classification by the Ministry of
Agriculture and that by Rashid appear to be complementary to
each other while the former stressed mainly qualitative
aspects of soil, the latter concentrated on topography and
drainage aspects. However, both classifications are broad
and have many limitations for agricultural project planning.

Recently, under the U. N. Soil Survey Program, some compre-

hensive works have been conducted. These studies have

3M. A. Islam, Fertilizer Use In East Pakistan, (Dacca,
Agriculture Ministry, 1966).

4

Rashid, A Systematic Regional Geography, op. cit.,
p. 8. T
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combined considerations of qualitative aspects of soils,
topography, drainage patterns, strata formations and some
indications of soil capabilities for production. Information
on strata formation would provide some indirect indication

of potential underground water availability, essential for

planning tubewell irrigation programs.

Farm Size and Tenure

Farm size, defined as the area of land under one
operator , is small in Bangladesh. The average farm size,
as found in the 1960 Census, is 3.50 acres;5 out of this
about 3.12 acres are under cultivation. Distribution of the
number of farms under various size groups indicates that
more than 50% of the farms are of the size 2.5 acres and
below (Appendix II). The modal size is about 3.0 acres.
There are considerable variations in farm size among various
districts. While the Comilla and Noakhali districts have
the smallest farms, averaging 1.8 and 2.0 acres respectively,
Kushtia and Denajpur have the largest, averaging 5.8 and
5.5 acres, respectively.

Farm sizes in various districts are strongly corre-
lated with population density. Increased density of popu-
lation coupled with the law of inheritance, which entitles

each child of a family to a portion of the land, is considered

5Agricultural Census 1960, Op. cit., p. 108.
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responsible for the gradual diminution of average farm size.
The average size was 5.21 acres in 1931 and 4.36 acres in

1960.°

However, this downward trend may flatten out with
the acceleration of development in industry, business and
commerce.

Another aspect of the farms in Bangladesh is that
they are not only small but also fragmented. One average
farm normally consists of 6 to 10 fragmented plots. The 1960
Census figures indicate that the number of fragments in-
creases as the size of farm increases.

Farms classified on the basis of tenure indicate a
larger proportion of owner operated farms; Sixty one percent
of the farms are purely owner operated tilling 52 percent
of the total cultivated land, 37 percent are owner-cum-
tenant operated tilling 47 perceht of the total cultivated
land, and only two percent are purely tenant operated tilling
only one percent of the total cultivated land. Eighty two
percent of the total cultivated area is owner operated and

18 percent tenant operated.7

6Kalim Uddin Ahmed, Agriculture in East Pakistan,
(Dacca, Ahmed Brothers Publications, 1965), p. 60.

7Agriculture Census 1960, Op. cit., p. 49.
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Cropping Pattern and Intensity

If the number of crops grown is the basic considera-
tion in the definition of diversification, the cropping pat-
tern of Bangladesh is diversified both from the national as
well as from the individual farm's point of view. However,
if the proportion of cultivated area devoted to crops is the
main criterion, agriculture in Bangladesh is mainly a rice
growing farming system. On the average 74 percent of the
total cropped area is planted in rice (see Appendix III).
The second important crop is jute occupying about 6.2 percent
of the cropped area. Jute is the largest cash crop for most
of the farmers and the most important export product in the
economy. Pulses and oilseeds come next, both in terms of
the areas devoted to them and their importance in the house-
hold consumption. If all crops grown are classified as food
and non-food crops, the proportion of area (average of five
years ending 1964/65) allocated to food crops is 93.5 per-
cent, jute being the main non-food crop, and rice the main
food crop.

The regional distribution of crops indicates some
degree of specialization dictated by the comparative advantage
of areas in the production of different crops. The origin
of such comparative advantage may generally be traced to the
differences in climate, soil class, drainage pattern, and
special market facilities. The degree of such regional

specialization, however, seems to be rather small.
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Consideration for subsistence appears to have a great in-
fluence on the pattern of cropping. Rice is the main food
crop and is grown in all parts of the country. Jute is
mainly concentrated in the districts of Mymensingh, Rangpur,
Comilla, Dacca and Faridpur. About 72 percent of the total
area under jute is located within these five districts
accounting for a little over 73 percent of the total jute
production (average of 1960/61-1964/65). Virtually no jute
is grown in Chittagong and Chittagong Hill tract; jute is
also not grown in the saline tracts of Barisal and Khulna.
Cotton is mainly grown in Chittagong Hill tract, and to a
small extent in Mymensingh. Sugarcane production has main
concentrations in the Rajshahi, Denajpur, Rangpur, and
Kushtia districts and the Kishonganj sub-division of the
Memensingh district. Market outlets to sugar factories are
considered to be the main factors for such concentration.
Rape and Mustard are the largest o0il crops and the districts
of Mymensingh, Dinajpur, Rangpur and Faridpur have relatively
larger acreage under these crops, although the crops are
grown in almost all other districts in substantial areas.
From 1955 to 1965, trends in land allocations reflect the
increased demand for rice. Even allowing for annual fluctu-
ations, there is a visible increasing trend in the acreage

under all the three rice crops.8 Comparing the averages of

8Explaining trend on the basis of averages might be
hazardous; variability might be too high so that such trends
might be misleading. However, looking at the annual fluctu-
ations, one could project which trends, on the basis of
averages, are relatively steady and safer for approximation.
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the period 1955/56 to 1959/60 to those of 1960/61 to 1964/65,
the acreage under Aus rice has gone up by 8.2 percent, Aman
rice, by 7.7 percent, and Boro rice, by 31.6 percent. 1In
absolute terms, however, the increase in acreage under the
Aman rice would be higher than the Aus rice, and that of Aus
higher than the Boro rice. The area under jute between the
two periods shows also an increase of 18.2 percent. However,
the annual variability in jute acreage is so high that the
conclusion would be misleading. Sugarcane and potato have
shown steady growth in acreage during the period under con-
sideration. But these two crops still occupy a small pro-
portion of the total cropped area, 0.0l percent by sugarcane
and 0.005 percent by potato. Thus, an increase in acreage
under these two crops will have insignificant influence on
the change in the total cropped area.

Crops showing declining trends are pulses, vegetables,
seasonal fruit crops and some minor food and non-food crops.
The acreage under pulses declined by 19.1 percent; vegetables,
38.3 percent; and seasonal fruits, about 65 percent. Com-
parison of the average total cropped area in the latter half
of fifties and that in the first half of sixties indicates
an increase in the total cropped area of 5.1 percent; this
increase has come about partly through a shift of acreage
from pulses, vegetables, seasonal fruits and other minor food
and non-food crops to rice, and partly through an increased

use of rice land. Vegetables and fruits are important
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protective foods, and pulse is one important source of protein
to rural people in Bangladesh. This shift of acreage from
crops of higher income elasticity to crops of lower income
elasticity would, perhaps, indicate a hypothesis of declining
per capita income level in rural Bangladesh during the period;
however, before arriving at such a conclusion, foreign trade
has to be taken into consideration. Even then, the relatively
larger import of rice and the absence of any import of vege-
tables and fruits will further reinforce the hypothesis.

Cropping intensity9 is a useful indicator of the ex-
tent of utilization of the existing land resources. According
to the Agricultural Census of 1960, the cropping intensity

in Bangladesh was 148 in 1959/60.10

In the Agricultural
Census, the total cultivated area was found to be 19.4
million acres in 1959-60. But the Agriculture Department
assumes the cultivated area to be 22 million acres which is
based on the extrapolation of the 1944 complete plot by plot
survey.ll Cropping intensities calculated with three alter-
native levels of cultivated areas are shown in Appendix III.

For the purpose of calculation of cropping intensity total

cultivated area may be assumed constant, as the extent of

total cropped area x 100.

9Cropping intensity =

10

total cultivated area

Agriculture Census 1960, Op. cit., p. 148.

111pid., p. 8.
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cultivable waste land in the country is very small.12 From
the Appendix III, it will appear that cropping intensity is
showing a steady, though modestly increasing trend. The
highest intensity, with the assumption of lowest cultivated
area, is 149.1 in 1964/65. The increase in intensity is more
pronounced in the first five years of sixties than the five
years of latter fifties. 1In fact a decreasing trend is
observed during the first four years starting from 1955/56.
This may be attributable to the repeated natural calamaties
in this period.

The crop statistics in the country, for the 1960/61
to 1964/65 period, were adjusted a little upward to bring the
statistics in conformity with the National Survey results;

13 As the

the adjustments being limited to rice crops only.
adjustment in rice was only about 400,000 acres in five years
(which is only 0.0l percent of the total rice area), the
general validity of the observations made so far in this

section is not changed.

Water Resources

There are, generally, two main sources of water in

any country--surface sources including rain, and underground

121pia., p. 108.

13Haroun-er Rashid, Rice Production in East Pakistan
in the Second Plan Period (1960 65) (Dacca, Planning Depth,
1966, mimeo), p.15.
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sources. Development and utilization of these two main water
resources have far reaching consequences on the economic
development of Bangladesh.

Surface water.--Three main rivers--the Ganges, the

Brahmaputra and the Meghna--along with their numerous tribu-
taries and a few other small rivers--comprise a vast and
complicated system of surface water resource in Bangladesh.
A large number of small lakes (locally called 'beels' and
'haors') also hold some water; the proportion of such sources
of surface water is relatively small. All the main rivers
originate in the Himalayas. With the melting of snows in
the Himalayas water levels in the rivers begin to rise.
Simultaneous heavy monsoon rainfall increases the flow in
the rivers so much that the water spills over the banks
causing extensive damage, in some years, to crops and
property. On the other hand, water discharge during the
months of March, April and May is small. Comprehensive
study of the hydrology of Bangladesh has yet to come.

Based on limited recordings of discharges, Thijsse estimated

the average minimum flow in the main three rivers at about

240,000 cfs.14 Industrial and household use of surface
water is not known but is considered to be low.15 But
14

J. Th. Thijsse, Report on Hydrology of East Pakis-
tan, 1964, p. 21. (n.p., Avalilable with the Bangladesh
WAPDA) .

151pid., p. 18.
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these uses will increase in the future. Thijsse estimated
that if water were drawn from the rivers for irrigating 2.5
million acres in the Boro season, it would reduce the minimum
flow in the rivers to between 160,000 to 170,000 cfs. Such
a reduction in the minimum flow might involve an ingression
of saline water from the sea by about 10 miles and hamper
navigation and fisheries.16 Though Thijsse's estimates are
no better than an expert guess due to the lack of any hydro-
logical statistics, this gives some indication of the prob-
lem. Use of surface water for irrigation has limits.
Already about 1.2 million acres are being irrigated by sur-
face water. Rapid and large scale expansion of irrigation
will necessarily call for the exploration of other water
sources.

Underground water resources.--Though no comprehen-

sive studies on ground water resources have yet been con-
ducted, scattered test borings, the performances of existing
wells, and inferences from studies on soil formations and
structures indicate the existence of considerable underground
water of good quality in many parts of Bangladesh. For
planning irrigation projects utilizing underground water,
information on the quantum of underground water, static

water level, permeability of soil stratas, extent and quality

of the water-bearing strata, horizontal and vertical recharge

161pid., pp. 21-22.
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rates, time-lag between the drawing up of water and the re-
charge, and the relationship between underground water and
surface water are necessary technical ingredients. Detailed
survey on underground water has been conducted on only 7741
square miles so far.17 Conclusions of the studies are only
indicative.

Peterson, in his study based on field reconnaissance,
indicated six probable areas for tubewell irrigation. He
observed, "The presence of extensive ground water in East
Pakistan (Bangladesh) can be attributed to two principal
factors: (1) relatively high rainfall and (2) favourable
geology. With minimum average rainfall of 40-50 inches in
the Western part--increasing to 200 inches or more in the
Eastern part, the importance of rainfall in recharging the
ground water is obvious. In addition, the generally flat
terrain coupled with the large areas of relatively pervious
soils and permeable underlying sediments, is favourable for

the rapid percolation of the rain."18

From a geo-electrical
resistivity survey in the districts of Rajshahi and Bogfa
and the southern parts of the districts of Denajpur and
Rangpur, experts concluded, "It may be taken for established

fact that in wide parts of the region coherent groundwater

17Shaziruddin K. Ahmed, Review of Ground Water in

East Pakistan, (Dacca, Agricultural Development Corporation,
1970), p. 2.

18H V. Peterson, Report of Groundwater in East
Pakistan, (San Francisco, International Engineering Co.,
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tables exist in the underground."19

The Hydrology Directorate
of the Water and Power Development Authority (WAPDA) carried
out ground water investigations in the country during the
years 1964-67. In their reports it is stated, "The evidence
from bore hole logs and numerous domestic wells and observa-
tion wells makes it obvious that practically the entire East
Pakistan (Bangladesh) is underlain by a body of ground water
at varying depth below land surface depending on location

and seasons of the year. The total volume of the underground
water in storage is enormous because the thickness of al-
luvium probably is in the range of thousands of feet."20
Most of the studies give impressive indications about the
extent of underground water. But statistics in regards to
important aspects of possible behavior of underground water
tables relative to the horizontal and vertical recharge rates
and the relationships of underground water with the surface
water are not so detailed. For a comprehensive tubewell
irrigation program with a large coverage such information is
important. For a modest tubewell program in Bangladesh, the

existing groundwater hydrological information is considered

adequate.21 However, alongside a modest program it is

19K. Deppermann and J. Thiele, Geoelectrical Resis-
tivity Survey for East Pakistan 1968, (Dacca, WAPDA, 1968),
p. 2.

20

East Pakistan (Bangladesh), WAPDA, Groundwater
Investigation in East Pakistan, Vol. I, (Dacca, WAPDA, 1968),
p. 14.

21IBRD, Tubewell Project in East Pakistan, Report
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essential that the groundwater hydrological studies be con-
tinued so that the planning of larger tubewell irrigation
programs in the future will not be handicapped. The exploi-
tation of underground water for household and irrigation
purposes has been very limited (Appendix IV) so far. By
1969, only 2807 cusecs of underground water were being used
for both agricultural and household uses. Household use of
underground water was entirely limited to urban areas and
accounted for only about 13 percent of the total underground
water use. However, there are several thousand hand-operated
tubewells and an unknown number of indigenous shallow wells
used mainly for rural household use. Estimates of ground-

water from these wells are not available.

Experience With Irrigated
Agriculture in Bangladesh

Irrigation Programs.--Indigenous manual methods of

irrigation have been commonly practiced in Bangladesh through
the ages. In 1959/60, according to the 1960 Agricultural
Census, about 1.3 million acres were irrigated, mostly by
manual methods, out of which about 920 thousand acres were

under irrigated Boro crop.zz

Manual methods have many
disadvantages. If the water level is not within two to three

feet of the discharge point, such methods become unsuitable

22Agricultural Census, 1960, Op. cit., p. 144.




26

for using surface water. Moreover, control of water use,
consistent with the irrigation requirements of crops, is
difficult to achieve by manual methods. Further, the volume
of water that can be lifted by a worker is quite small;
eight hours' work by a man can hardly lift a half acre-inch
of water.

Public sector investment in irrigation utilizing
surface water started with the initiation of the Ganges-
Kabodak (G.K.) project in 1955. The project provides for a
gravity canal system of irrigation fed by large pumping in-
stallations on the river Ganges to supply water to about 330

ek The project suf-

thousand acres in the Kushtia District.
fered from serious planning and designing errors and had to

be revised several times, with the cost estimates going up
every time. By 1968, work on field water distribution system
was still going on. However, the utilization of the installed
capacity was still very low; by 1968 water was being used
only on 62,000 acres, which was somewhat less than 50 percent
of the then available capacity.24

Unsatisfactory experience with the G. K. project

coupled with the need for meeting the regional demand for

23Ghulam Mohammad, "Development of Irrigated Agri-
culture in East Pakistan: Some Basic Considerations",
Pakistan Development Review, Vol. VI, 1966, No. 3. (Karachi,
Pakistan, Institute of Development Economics), p. 323.

24East Pakistan (Bangladesh), Food Self-Sufficiency
Program, Op. cit., p. 14.
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irrigation led the government to shift priority to low-lift
pumps and tubewells for supplying irrigation water. In 1962
WAPDA initiated work on the North Bangal Tubewell and Power
Pump Irrigation Project in the Denajpur District of Bangla-
desh. Under this project 380 electric powered tubewells,
averaging 3 cusec capacity, 60 electric-driven low-1lift pumps,
and 800 diesel-driven low-1lift pumps were installed to irri-
gate 186,000 acres.25 Irrigation in the tubewell project
area started in May, 1965. About 4000 acres were irrigated
from 116 tubewells during the summer of 1965, and about 400

acres during the winter of 1965-66.26

By 1969 an area of
66,360 acres were covered by 362 tubewells. Out of 380
tubewells, 365 wells were successful and 362 were available
for irrigation; the remaining three were being used for
powerhouse cooling.27 By April, 1969 about 76 percent
(87,800 acres) of the total command area was irrigated. The
main obstacles to full capacity utilization are: (1) lack
of adequate and timely supply of electric power, (2) incom-
plete construction of the main channels, and (3) ineffective

organization of farmers for effective water use.28

25Ghulam Mohammad, Development of Irrigated Agri-
culture, Op. cit., p. 340.

26

Ibid., p. 343.

27Harold Rinnan, Review of Irrigation Well Develop-
ment in East Pakistan, (Dacca, USAID, 1969 , Mimeo), p. 5.

28

Ibid., p. 6.
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While the WAPDA was sinking tubewells in the Northern
area of Bangladesh, the Academy for Rural Development at
Comilla was experimenting in tubewell irrigation with the
particular objectives of (1) finding efficient ways of in-
stalling and managing wells, and (2) evolving a suitable
organization, within a broad administrative framework for
rural development, to ensure proper utilization of installed
well capacity. By 1969, only 160 tubewells have been in-
stalled by the Comilla Academy, the capacity of each well
varying from 1.0 to 1.5 cusecs. The wells were drilled by
hand rigs with emphasis on the use of locally manufactured
materials as far as possible.29

The Agricultural Development Corporation (ADC) started
its operations in supplying irrigation water to farmers in
1961/62 by transportable low-1lift pumps, mainly in the winter
season. Before 1961/62, the Agriculture Department had a
small program consisting of 1367 low-lift pumps of a total
capacity of 1743 cusecs. These pumps were taken over by the
A.D.C. when it started operation in 1961/62. The supply of
low-1lift pumps for winter irrigation gradually expanded under

the control and management of A.D.C. By 1968/69 about 10,850

291pid., p. 9.
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pumps having a total capacity of 22,245 cusecs, were put in

30 1, 1968/69, the ADC

operation by this organization.
also embarked on a tubewell irrigation program.

As of September, 1969, 421 tubewells of two cusec
capacity each have been constructed under this program. It
proposes to install 21,000 such tubewells during the period

1970.71 to 1974/75.31

However, the proposal was prepared
before the war and conditions after the war may have thrown

the proposal into uncertainty.

Orgagization for Management
and Utilization

While the WAPDA and the ADC were the main two
public organizations for creating irrigation capacities in
the country, the Academy for Rural Development at Comilla
was conducting experiments to evolve a suitable irrigation
system. WAPDA's irrigation projects had no farm-level
organizations which could organize and train farmers in water
utilization. General agricultural extension personnel worked
at individual farmers. Absence of such organizations was
reflected in the very slow utilization rates of irrigation
facilities even though the water was being offered as a free

input to the farmers. ADC's low-lift pump project also

30Harold Rinnan, Thinking About Irrigation with Small
Scale System, (Dacca, USAID, I§78, mimeo) , p. 2-4.

31East Pakistan (Bangladesh), . ADC, Fourth Plan
Tubewell Irrigation Schemes, P.C.I. form, (Dacca, ADC, 1970).
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lacked any field level special organization for organizing,
training and helping the farmers in raising irrigated crops.
The ADC, however, allocated the pumps in the field through
self-organized groups of farmers, occasionally helped by the
agricultural extension workers. Farmers had to pay for the
supply of water at a fixed rate, per acre, per season.
Basically there were no differences between the ADC and the
WAPDA so far as the provisions of field level organizations
in the respective projects are concerned. But the perform-
ance of ADC measured in terms of the ratio of capacity
utilized to capacity installed, was considered relatively
better. This was mainly due to the fact that the low-lift
pumps are transportable and as such offer flexibility to
adjust the allocations of pumps to locational and seasonal
demand. Even with such flexibility, the rate of capacity
utilization in the low-1lift pump program fell sharply with
the substantial increase in number of pumps. The area irri-
gated per cusec pump capacity fell gradually from 38 acres

2 There was an

in 1962/63 to only 23 acres in 1967/68.°
initial need for rapid acceleration of irrigation facilities
in the country. This need was sharply accentuated by the
complementary nature of the high-yielding rice varieties

and irrigation water. We had an apparently inconsistent

situation where an increasing need for irrigation existed

321pid., p. 2.
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side by side with a decreasing capacity utilization. Organ-
izational constraints were considered to be the main reasons
for the inconsistent situation. The Comilla Rural Develop-
ment Academy was conducting research on this problem. The
results of the experiments with irrigation at the Rural
Development Academy at Comilla were, in the meantime, further
tried on a pilot-scale to determine the adaptability of the
findings in the whole country.33 These evaluations and
analysis of the results ultimately led to the formulation
of the Thana Irrigation Plan covering almost the whole country.
The main features of the new system can be summarized
as follows:

a. The tubewell and the low-lift irrigation programs
will be a part of the integrated rural development program,
with farmers and field level officers of various departments
of the government involved in the planning, implementation
and operation of irrigation projects.

b. The initial groups of farmers willing to use irri-
gation water will gradually form into village cooperatives.
The group will indicate locations of the irrigation instal-
lations. Thereafter, the ADC will install the irrigation
facilities as an agent of the village cooperative which will

bear the operation costs and also pay the replacement costs

33Academy for Rural Development, Evaluation of the
Thana Irrigation Program in East Pakistan, (Comilla, November,
1969), p. 9.
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of the engines in four installments starting from the 7th
year. However, in the initial stage, there will be a sub-
stantial amount of subsidies in such payments through some
other schemes.

c. The village level cooperatives will not only manage
the irrigation facilities but will also undertake other
activities in the supply of farm inputs considered essential
for reaping a higher return from irrigated farming.

d. The village cooperatives will be helped by the Thana
Cooperative and Thana Development Councils consisting of the
Thana level officers and representatives from the cooperatives.
Training of farmers, workshop and repair facilities, and
other external assistance needed by the farmers will be pro-
vided by these Thana organizations. They will guide the
village cooperatives in the effective use of water in partic-
ular and rural development in general.

e. The Rural Development Academy prepared a detail

manual for guidance of the Thana Development Councils.34

How far the new system will succeed when it spreads
throughout the country is still a matter of the future. But
the concerned experts and proponents of the system appear to

be confident of a higher rate of utilization of installed

34East Pakistan (Bangladesh), Manual on Thana Irri-
gation Programme, (Dacca, B.D. and L.G. Department, 1968).
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irrigation capacity. The adoption of the system in the
WAPDA's North Bangal tubewell irrigation areas has already
showed a sharp increase in the area under irrigation in

1968/69.

Irrigated Crops

The low-1lift irrigation has so far been limited
mainly to rice areas in the Boro season. In many areas, the
indigenous method of irrigation has been replaced by pump
irrigation in raising Boro rice. In the low-lying areas of
Dacca, Faridpur and Pabna Districts, where risk of crop
damages by flood is high, the broadcast Aman rice has partially
been replaced by the relatively high-yielding and risk-free
Boro rice using low-lift irrigation.35 In the North Bangal
tubewell irrigation areas, the predominant irrigated crop
is rice though the soil is coﬂsidered not so suitable for
rice and the project was initially conceived for irrigating
sugarcane. In the Comilla area some potatoes and watermelons
were grown in 1966-67 under irrigated conditions, though
rice was still the dominant irrigated crop. Watermelon is
not a major food crop and its demand provides only limited
scope for expansion. Potatoes are a more important food

crop than watermelon and their demand is higher than for

3sRais Uddin Ahmed, Growing Boro Paddy by Low-Lift
Pumps in Dacca District, (Dacca, Planning Department, 1968,
mimeo) .
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watermelon. But in comparison to rice, potatoes still occupy
a small insignificant position. Population density and the
present low level of income, without any prospect of spectac-
ular rise in income level, coupled with the consumption
habits of the people, will dictate a predominantly rice
farming irrigated agriculture in Bangladesh for long time

to come.

Study Area

Locations.--The ADC has proposed to implement a
tubewell program of 21,000 wells of 2 cusec capacity each
during the 1970/71 to 1974/75 period. This program includes
projects for installation of 1604 and 1016 tubewells in the

36 The tube-

Mymensingh and Tangail districts respectively.
well areas are located in the flat, medium, and high lands
around the west, south and northern edges of the Madhupur
jungle tract and also on the northern side of the old
Brahmaputra river. The area is not generally affected by
flood. Two main considerations have influenced the author

37

to select the area. First, the Mymensingh District has

important typical attributes of agriculture in Bangladesh.

36East Pakistan (Bangladesh), Fourth Plan Tubewell
Irrigation Schemes, Op. cit., p. 13.

37Mymensingh District included Tangail subdivision
till 1969 in which year Tangail was separated from Mymensingh
and formed an independent district.
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The average farm size, percentages of cropped area under
different crops in different size groups of farms, and the
tenure system very closely approximate countrywide averages.38
There is no extreme diversity or specialization in cropping.
As such, the findings of the study, if cautiously interpreted,
may be considered as approximations for many parts of the
country. Second, the author has an intimate knowledge of
the agriculture of the area through a long period of resi-
dence and agricultural extension work.

Soil.--In the soil capability classification map,
the area is identified by the units red 4, 5, and partially
red 3a, 3b, and 3c in the central region.39 Provision of
irrigation and use of fertilizers and improved varieties of
crops are the major means of rapid realization of develop-
ment potential of agriculture in these units of soil classes.
Soil characteristics of the area represent those of alluvium
mainly old alluviums of Brahmaputra. Soil structure is
loamy to clay-loamy. The divergence is not great. Soils

nearer to the Madhupur tract have some influence of the

38Agricultural Census, 1960, Op. cit., pp. 26, 46,
108, 173. ATso see appendices V and VI in the present
study.

39The author studied the map personally. Due to
reluctance of the authority to release the map before
clearance from the IBRD and the Bangladesh government, the
map cannot be presented here. It is expected, however, that
by the time the present study is available for use, the maps
will also be available, at least to concerned circles, for
examination and reference.
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clay soil of the Madhupur tract and as such clay-loamy in
nature. The soils away from the Madhupur tract are generally
loamy.

Farm Size and Tenure.--The average cultivated area

per agricultural farm in the Mymensingh district is 3.06
acres (Appendix V). Preliminary data from the Master Survey
(7th round) collected by the Bureau of Statistics in 1967-68
indicate a close similarity in the farm size with the census
data of 1959-60. A farm management study conducted by the
WAPDA's consulting engineers in the north Mymensingh area

40 Most of the farms

shows the modal farm size at 3.0 acres.
are owner-operated farms. About 55 percent are purely
owner-operated, 37 percent owner-cum-tenant operated, and
only two percent are purely tenant operated. In terms of
area, 83 percent of the total cultivated area is owner-
operated, and 17 percent tenant-operated (Appendix V). Most
of the tenant operated area is limited to the sharecropping

system.

Cropping Pattern.--The cropping pattern practiced

in the study area, as identified in the soil capability
classification reports, is one of Aus rice and jute in the
Aus season, Aman rice in the Aman season, and various rabi

crops in the following rabi season. Rabi crops have to be

40East Pakistan (Bangladesh), WAPDA, Feasibility
Report of North Mymensingh Tubewell Area, (Dacca, WAPDA,
1967) .
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grown with the retained soil moisture; hence land use in the
rabi season is limited to about 16 percent of the available
land resources.41 The major rabi crops are various kinds of
vegetables, potato, pulses, minor cereals, and spices. Most
of the vegetables and spices are grown on lands around the
homestead. The average cropping intensity in the area is
about 160.

The Agricultural Census relating to the 1959-60 crop
year does not show much variation in the allocations of land
to various crops in various size-groups of farms (Appendix
VI) in the Mymensingh district as a whole. This is particu-
larly true in the case of rice. Farms below 0.5 acres in
size allocate about 58 percent of their cropped area to
rice. Except this size-group, allocation of area to rice
in all other groups ranges from 73 to 78 percent without any
discernible pattern. However, the allocation of land to
jute shows the smaller farms allocating a larger percent of
the cropped area to jute, a cash crop. In the case of jute,
however, if we exclude the farms below 0.5 acres in size,
the variation is small among the remaining size group. 1In
fact, there is no variation at all among the size-groups
ranging from 2.5 acres to 24.0 acres. All the size groups
within this range allocate nine percent of their cropped

area to jute.

41East Pakistan (Bangladesh), Soil Survey Project:
Reconnaissance Soil Survey of Netrokona, Jamalpur, Tangail,
and Sadar North, Mymensingh District, (Dacca, Directorate
of Soil Survey, 1968/69).
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Some Concluding Observations

The main purpose of the chapter was to present some
facts about agriculture and its production environment in
Bangladesh in general, and in the study area in particular.
It was pointed out that some of the typical attributes of
agriculture in the study area very closely approximate the
country wide averages. As such, the results of the present
study, if cautiously interpreted, could well be valid for
large areas of the country. With this observation, we will
list here a few major conclusions from the chapter.

a. For providing winter irrigation, ground water ex-
ploration will be essential. Though limited information on
ground water statistics indicate no immediate problem for a
modest tubewell program, any large program will require more
elaborate ground water exploration.

b. If the number of crops grown is the criterion of
diversification, the cropping pattern in Bangladesh is very
much diversified. If the extent of area under a crop is the
criterion of diversification, the agriculture of Bangladesh
is mainly a rice farming system. This will continue to be
so in the foreseeable future. During the second half of the
last decade there has been a sharp shift in allocations of
land from seasonal fruits, vegetables, and pulses to rice.
Cropping intensity, particularly that of rice land, has been

showing a slow increasing trend.
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c. Considerable experience has been gained with the
irrigated agriculture in Bangladesh. The experiences with
types of irrigation, organization, and management will pro-

vide useful insight for successful future programs.



CHAPTER III

METHODOLOGY

The methods of analysis for achieving the objectives
of the study are presented in this chapter. However, a brief
discussion of fundamental research problems and a review of
literature on techniques of project evaluation are also pre-
sented as introductory materials for the discussion on the

methods of analysis employed in the study.

Three Fundamental Problems in Designing
a Research Problem

In any problem solving research three fundamental
difficulties are generally encountered. First, in the
absence of an interpersonally valid common denominator,
multiple objectives can not be easily handled. If a project
objective includes both an increase in the production of
goods and services and an adjustment in the distribution
of income, and if the alternatives under study are found to
be conflicting in terms of their relative contribution to the
achievement of the twin objectives, it becomes necessary to
compare the trade-off between the objectives in the process
of decision making. Such a comparison of trade-offs naturally

involves interpersonal comparison of the utility of income.

40
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Economists generally tend to avoid such comparisons of inter-
personal utility of income. In the problem solving research
of the real world, however, such comparisons can hardly be
avoided. A pragmatic approach to this problem would be to
resort to systematic interactions among the researchers,
politicians, administrators, and all other people involved

in the solution of the problem.1 Such interactions may help
provide a common basis for determining how much of an objec-
tive has to be sacrificed for how much of a gain in another
conflicting objective. For example, we assume a situation
where growth rates in income and employment are conflicting
and interactions among the researchers, administrators, and
the political system indicate the extent to which the growth
rate in income should be sacrificed for additional employment.
Then the value of the sacrificed income should measure, as

a social opportunity cost, the value of the marginal em-
ployment generation. This is commonly known to economists

as a weighting system of the objective function. The process
of interactions may provide a basis for selecting the
weights. However, arriving at a common basis through the
process of interaction is not always so easy. Diverse groups

with diverse interests may not come to a common measure of

1Glenn L. Johnson and L. K. Zerby, What Economists
Do About Values: Case Studies of and Answers to Questions
They Don't Dare Ask, (East Lansing, Michigan State Univer-
sity, 1972).
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good and bad. For this reason, in empirical studies we
often find separate treatments of the objectives leaving the
questions of trade-offs to the decision makers.

The second fundamental difficulty in solving practi-
cal development problems is determining the optimum order in
which projects should be executed within a program, the
order in which programs should be executed within a policy,
or the order in which various policies should be executed in
a developing economy. The optimum order conditions may be
defined as follows. Development activities in an economy
are interrelated. Some of the interrelationships are direct
and their effects immediate; while other relationships are
indirect and their effects not so obvious. The order in
which these activities are carried out makes substantial
differences in the final results, generally measured by the
flow of income. There is generally more than one possible
sequence of implementing these development activities in an
economy. Every sequence has a total outcome which may be
different from that of the others. If all possible sequences
of activities are arranged in the order of decreasing bene-
fits per unit of incurred costs, then the one with the
maximum net benefit represents the optimum order conditions.
Hirschman stressed the importance of the order conditions in
the evaluation of development programs in less developed

countries.2 He viewed the appraisal of development projects

2Albert O. Hirschman, The Strategy of Economic De-
velogment, (New Haven, Yale University Press, 1967), pp.
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in piece meal as leading to sub-optimization. Even such
sub-optimization, he observed, would not make much sense if
the development activities in any particular economy were
sequenced with 'maximum disorderliness'. When projects,
programs, and policies involve technological and institutional
change as well as change in human agents, as so many do,
there is no guarantee that an optimum order condition will
automatically prevail. In the case of an irrigation project,
the order conditions may imply appropriate sequences of
activities like agricultural extension services, marketing
and transportation facilities, supplies of inputs and credits,
and necessary rural organizations. For example, an irriga-
tion project following the establishment of infrastructures
like power plants and roads will have different cost struc-
tures than the irrigation project before such social over-
heads. This relationship of projects with the environment
and other projects should not be confused with the exter-
nalities we know in economics. The effects of appropriate
ordering arise exclusively out of the differences in se-
quencing the various activities whereas the externalities--
both technological and pecuniary--arise out of the influence
of one on another either through the supply or the demand
sides. The problem of ordering conditions is difficult to
handle. In empirical studies, particularly in project
appraisals, it is often assumed that the optimum order con-

ditions among various activities exist. Such studies do not
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yield optimum solutions, though they are very often claimed
to do so.

The third fundamental problem is the problem of
determining which decision making rules are best in prescrib-
ing the superior alternatives. The choice of an appropriate
decision making rule depends mainly on the attitudes of
decision makers. The decision makers may want to maximize
the average future net returns or they may want to minimize
loss. Imperfect knowledge of future outcomes imposes further
difficulties in selecting an appropriate decision rule. The
use of apriori probabilities of outcomes, when such proba-
bilities are available, is very often helpful in handling
the cases of imperfect knowledge of the future.

Before we discuss how we propose to handle these
three fundamental problems in the present study, we need to
elaborate the meanings of problem solving research. By
problem solving research we mean those categories of research
in social sciences which produce evidences indicating the
best courses of actions for decision makers in any problem.
It relates to final decision making. Another category of
research in social sciences generates information on certain
aspects of a total problem. These informations are neces-
sary but they themselves may not be sufficient for final
decision making. The present study falls in the second cate-
gory. It generates information on monetary profit derivable

to the economy of Bangladesh from investment in tubewell
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irrigation. It also provides information on creation of
additional employment by tubewell irrigation. Given these
limited purposes of the study, the three fundamental problems
of problem solving research are assumed to be not critical

in generating the desired information in the present study.
The impact on employment generation is treated separately in
the study. In respect to the order conditions, it is assumed
that the present and future orderings of development activ-
ities are optimum or nearly so. Effects towards an irrigated
agriculture in Bangladesh have gone through considerable
trials during the past few years. As such, the likelyhood

of a serious ordering problem is considered small. The
questions of decision rules will be apparent upon consider-
ation of the discussion in a subsequent section on the

model of the study. Before we go to discuss the methods of
analysis employed in the study, a brief review of literature

on the subject is considered helpful.

Brief Review of Techniques

The application of the economic principles of re-
source allocation in the public sector has been getting in-
creasing attention with the increasing role of public
expenditures in national incomes. In the United States water
resource development was one of the largest public sector
programs, involving many agencies. Concern for appropriate

investment policies in the public sector led to the
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formulation of evaluation guiding rules for river basin
projects as documented in the "Green Book" prepared by a

Federal Inter Agency Committee in 1950.3

The attempts in
the Green Book were more for bringing uniformity among vari-
ous agencies in the process of project appraisal, in
defining objectives, concepts of costs and benefits, etc.,
rather than any improvement in the analytical techniques

per se. Eckstein undertook a detailed study of the existing
methods used by various water development agencies in the
evaluation of projects.4 He attempted to establish the
existing methods on firmer economic grounds. His analysis
of the criteria of benefit-cost ratio, internal rates of
return and the net present value with respect to their
effectiveness in choice making, particularly when various
constraints and assumptions are treated in various manners,
is a landmark in benefit-cost analysis.

With the adoption of the planning programming budg-
eting system (PPBS) in public expenditure in the U.S., and
with the large inroad of operations research techniques in
the analysis of investment programs, there has been consid-

erable improvement in the analytical techniques in the

3U.S., Interagency Committee on Water Resources,
Proposed Practices for Economic Analysis of River Basin
Projects (Revised). The Green Book (Washington, D.C., 1958).

4Otto Eckstein, Water Resource Development: The
Economics of Project Evaluation (Cambridge, Harvard Univer-
sity Press, 1958).
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evaluation of public programs in the U.S.A. However, in
developing countries economic analyses of public programs
were almost absent till the end of the fifties. The in-
creasing role of foreign assistance in the development efforts
of developing countries, particularly the participation of
the World Bank in such efforts, has tremendously influenced
developing countries to subject their public investment
programs to tests of effectiveness through economic analysis.
The general technique in public program evaluation
has been to compute the values of streams of benefits and
costs and express the results in terms of the benefit-cost
ratio or the internal rates of return or the net present
value of the project outcomes. Initially, this technique
had some major limitations. First, the results were mostly
deterministic and considered not effective in handling con-
sequences of uncertainty. Second, the results were only
relevant from the point of maximization in income. 1In case
of multiple objectives, e.g. employment generation, income
distribution and balance of trade accounts, there were com-
plex difficulties in modifying the technique. Third, em-
ployment of the technique proceeded mostly within the partial
equilibrium setting, assuming interaction with the related
sectors of the economy negligible or absent. Attempts to
overcome the first limitation of the technique have been
made by incorporating the technique of sensitivity test in

the analysis. With computer facilities available, large
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number of runs can be arranged taking various values of the
factors of uncertain nature to test the variations of the
results. Recently, probability theories in statistics are
being applied in project evaluation.5 Following this tech-
nique, the results--the internal rates of returns, the net
present values or the benefit-cost ratios--are obtained in
the form of probability distributions. The probability
distribution of outcomes is based on some probability dis-
tribution of the uncertain factors. The calculation of the
probabilities of the outcome from the probability distri-
bution of basic variables involves aggregation. This is
done mainly by (1) simulated sample or (2) application of
mathematical calculus of probability theories.

The problems of multiple objectives, particularly
the cases of employment and income distribution, are gen-
erally handled in the analysis through adoption of multiple
criteria and the separate treatment of these objectives in
the analysis. However, if the objectives do not pose any
valuation problems, they can be evaluated through a single
criterion. As for example, Chenery6 suggests the criterion
of social marginal productivity of investment which incorp-

orates consideration of the balance of payment effects of

5Shlomo Reutlinger, Techniques for Project Appraisal
Under Uncertainty, (IBRD, Washington, D.C., 1970).

®Hol1is B. Chenery, "The Application of Investment
Criteria", Quart. J. Econ. 67: Feb. 1953, pp. 76-96.
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projects. This is necessary when the objectives of national
planning are not only an increased growth rate of the national
product but also a desirable balance between the country's
exports and imports. The social marginal productivity (SMP)
is a modified version of the traditional benefit-cost ratio.
It is defined as follows:
v-C B
SMP = + 7Y g

where V is the present value of the domestic value added,
composed of gross output less imported material costs, and
C is the present value of operating costs, made up of labor
and domestic material costs. The present value of project
investment costs is denoted by K, while Yy is the proportion
by which the shadow exchange rate exceeds the official
rate, i.e., the extent of overvaluation of the exchange
rate. The term B is the present value of the total balance
of payment effects computed to include the direct and in-
direct effects of project investment, the direct operating
effects, and the indirect operating effects.7

The main difference between the benefit-cost ratio
and the SMP is that the latter includes the indirect effects
on the balance of payments. The effect on the balance of
payments of a project's investment and operation is measured

by the last component of the SMP equation, i.e., by B/K. A

7Chenery describes in detail the balance of payment
effects in his article.
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final judgement as to whether the benefit-cost ratio or the
SMP should be used depends on the indirect balance of pay-
ments effect.

The third limitation of project evaluation in the
partial equilibrium setting has been partially overcome by
broadening the scope of analysis. As for example, Zusman
and Hoch adopt an approach based on general equilibrium
analysis in which water resource development programs are
embedded in a more general economic development plan.8
Their model is essentially a dynamic linear programming
problem in which existing capital capacities and available
primary resources serve as constraints. The first is ex-
panded through investment activities; the latter vary
exogenously. In this model, the state's economic activity
is represented by 32 principal sectors and four sectors
related to water supply and irrigation activities. This
is essentially a macro-model designed to estimate the optimum
level of investment on aggregate water supply for irrigation
along with investment in other sectors. The extensive
nature of the analysis is not costless, and the authors of
the study agree that the relevant information concerning

important micro features of the water system must be

8Pinhas Zusman and Irving Hoch, "An Efficient Pro-
gram of Water Resource Development in the Framework of Growth
and Trade", American Journal of Agricultural Economics,
Vol. 50, No. 5, 1968.

- W —mme————

-



51

sacrificed to insure consistency. In fact, project evalua-
tion in the partial equilibrium setting, which might be
called as micro project analysis, and that in the general
equilibrium setting, which might be called macro project
analysis, are not substitutes, but complementary. Both are
necessary--the former provides the scope for detailed analy-
sis of components and the latter provides the overall
planning framework for maintaining consistency within which
the micro project analysis should proceed.

Another approach, less global but considerably ag-
gregated is the sectoral framework for project evaluation.
This framework is designed for sectoral planning. In water
resource planning, for example, following this approach the
demands for water for irrigation, recreation, household and
industrial use, navigation and fisheries are considered
simultaneously along with their various supply sources.
Attempts are then made to allocate water to various demands
so that efficient utilization of the water resource system
is obtained. Various mathematical programming and simulation
techniques have been used in this approach. The Harvard
Water Program, under the guidance of a large number of
skilled professionals in various fields including economics,
made extensive studies in water resource planning. They

evolved and tested large numbers of techniques for planning
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water resource systems.9 Most of these techniques are
essentially applications of simulation, including mathematical

programming, to the evaluation of water resource programs.

Model

The main feature of the model to be used for the
present study is the tracing and measurement of the direct
cost and benefit streams of activities, through time, of a
farming system under two alternate conditions--one with
irrigation and the other without irrigation. The differences
in effects of these two systems are attributed to irrigation.
The differential effect will be measured through different
criteria for different objectives. For measuring the impact
on the income objective, the criteria of (1) the internal
rates of return (IRR), (2) the net present values (NPV), and
(3) the benefit-cost ratio (B-C ratio) will be constructed.
For the employment objective, which will be evaluated sepa-
rately, the ratio of marginal employment to investment on
irrigation will be calculated. The exact mathematical formu-
lation of these constructs are shown in each case in the

course of their detailed elaboration.

9Arthur Maass et al., Design of‘yater Resource
Systems, (Cambridge, Harvard University Press, 1966).
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Net Present Value Criterion (NPV).--Since multiperiod

investment proposals can not be evaluated in terms of the
results of one year, the NPV criterion calls for the consid-
eration of monetary costs and gains over the entire economic
life of the proposed project. But the streams of incomes
and expenditures cannot be added unless the individual annual
sums are expressed in equivalent terms in relation to time.
This is accomplished by discounting the streams of inputs
and outputs to the present time, given the rate of discount
and time horizon. These discounted values are the present
worth of the streams of future costs and benefits. The
decision rule of this criterion is to accept the alternative
with the maximum NPV subject to the condition that NPV 2 0.
The net present value is obtained by deducting the present

worth of cost streams from the present worth of benefit

streams. The mathematical formula for the NPV is as follows:

NPV = b, 4+ B $ ... .+ *s
(1+1) (1+1) 2 (1+1)® II 1)

c2 + 3 . . . + cn . 3 . . (1)
(1+1) 2 (1+i)
where:
b b b = series of prospective benefits in

years
1' 2, .oo.n;
Cir Gy + o o o Cp = series in prospective costs in years

1’ 2, .ooon;



54

S Scrap value if any

appropriate discount rate

i
Sometimes a different form of the formula is also found

in many studies.

(P10 4 B0 e PatS0N L k(2
NPV = 1 n 2 N
(1+1) (1+1i) (1+31)
where: 0 = operating costs in years 1, 2, ...n

K

initial capital costs

In this form, the underlying assumption is that the
entire capital cost is incurred in the beginning of the
initial year of the project and that discounting does not
make any difference in the capital cost.

One major objection to this criterion is that it
fails to recognize the fact that a larger investment project
would, in absolute terms, yield a larger net value than a
smaller investment proposal. Thus, a project with larger
size is apt to win over its smaller-sized competitors.
However, this deficiency could be overcome if it would be
possible to add together a number of smaller projects before
comparison is made with a big project. Another alternative
would be to compute a ratio of the NPV to the present value
of project investment or total costs. This will then be a
modified form of the B-C ratio. With the NPV, comparison of

projects will be valid if the scale of investment is the

same.
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Internal Rate of Return (IRR).--The internal rate

of return may be defined as the rate of discount which will
make the net present worth of the project zero. It is the
prospective rate of profit. 1In the absence of computer
facilities, it is calculated by a trial and error process.
The streams of costs and benefits are discounted by several
rates of interest and every time the net present worth is
recorded. The rate of interest at which net present worth
is zero is the internal rate of return. When one ends up
with two successive net present worths, one positive and the
other negative with none zero, then the true rate is computed
by interpolating these two net present worths. The decision
rule following this criteria is to accept the alternative
with highest IRR subject to the condition that the IRR 2 a
given rate.

The mathematical formulation of the IRR is given

below.
PiC1 + P27 4 L+ Bt G\ -0 Ll 3)
(1+r) (14r)2 (141) ™
where:

r = internal rate of return

b1 and ¢y have the same meanings as in (1)

Another form of the IRR formulation sometimes found in

literature is:
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R s T T S o R %)
K=1&T3 3 T
(1+r) (1+r)

Symbols in this equation have the same meanings as in (2).

This also assumes that the capital cost K is incurred
in the beginning of the initial year and its present value
does not change by discounting. This form of the IRR is
equivalent to Keynes's formula for marginal efficiency of
capital.

One of the major weaknesses of the IRR is that, like
the benefit-cost ratio, it is also a ratio. Ratios do not
say anything about absolute magnitudes of the gains and
costs. One has to be concerned about the scale. Maximiza-
tion of the net gains from a given budget will be obtained
following this criterion if the projects are ranked according
to their IRR and then the selection of the projects with the
higher IRRs exactly exhausts the budget.

One assumption involved in the IRR is that the net
receipts generated by the project are perpetually re-invested
at the same rate of return. This means that the future in-
vestment opportunities are identical to the current situation.
This condition is violated if the investment function is not
continuous over the relevant time horizon. However, in the
less developed countries the investment opportunities are
generally of the expanding nature. As such this limitation

of the IRR criterion is only of academic interest.



57

The arethmatic of the IRR stipulates the condition
that investment costs should be incurred in the initial
years and must thereafter be followed by positive net re-
ceipts until the last year of project's life. This means
that net receipts must not become negative after they become
positive. If they do so, it may not be possible to find any
unique IRR. In an irrigation project such a situation might
arise due to uncertain natural and political conditions. The
effects of such uncertainty are generally handled by spread-
ing them over the project life, and thus, in such cases, the
particular problem of more than one IRR may be ignored.

Benefit-Cost Ratio (B-C ratio).--The B-C ratio is a

simple device very often used in project evaluation by govern-
ment planning agencies. Totalkbenefits are related to total
costs so that an index of solvency is obtained. The B-C
ratio is arrived at by dividing the discounted streams
(present worths) of benefits by the discounted streams of
costs. Like the IRR it does not give any indication of the
absolute magnitude of the gains and losses. There are two
general forms of the B-C ratio. 1In one, the operation costs
are deducted from the gross benefits before such benefits are
discounted. In the other, they are added to the capital
costs. In other words, in the first case operation costs

are treated as negative benefits and go to numerator; in the
second case they are treated as simple costs and go to the

denominator.
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Mathematical expression of the two forms is as follows:

b b b_+8
B-C Ratio (Li) + _2 5 o004 i_n
(1+1i) (1+1i)
€1+ _S ,_n Lo ()
(1+1) (144)2 (1+i) ™
. b)=0; 4 by=0, . . 4 bgtS-0, K-l....(G)
B-C Ratio ={ iy 5 b1
(1+i) (1+1)

Symbols represent the same meanings as in previous equa-
tions.

The decision rule, following this criterion, is to
select the alternative with the highest B-C ratio subject to
the condition that the B-C ratio is equal to or greater than
1.

Computation of the B-C ratios following the two
methods and using the same information would give different
results. A simple example will illustrate this point. Sup-
pose the discounted gross benefits from a project are Rs.

30 million. The present worths of capital and operating
costs are Rs. 10 and Rs. 5 million, respectively. When
the operating costs are deducted from gross benefits, the

B-C ratio is [(30-5)/10]

2,5, But when the operating costs

are added to the capital costs, the B-C ratio is [30/(10+5)]

2. In absence of any standard classification of costs and
benefits, there is a lack of uniformity of treating specific

items as either costs or negative benefits. A moment's
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reflection would show that an alternative treatment of an
item would alter the ratio, making the decision maker wonder
which ratio to accept as an index of profitability. So
when the B-C ratio is used as the criterion for ranking
projects, care should be taken to treat the costs uniformly
in all the projects. Moreover, when the ratios of capital
costs to operation costs differ widely among projects, this
criterion should not be used for ranking purposes.

The three decision rules coincide only at the margin
where (1) the B-C ratio is one, (2) the IRR equals the op-
portunity cost of capital or market rate of interest (when
market rate is assumed as opportunity cost and used as the
discount rate), and (3) the NPV is zero. The above values
provide the minimum floor for acceptance, or the feasible
region.

It is apparent by now that the different measures
may result in contradictory decisions. The question of which
criterion to use now emerges. Project analysis can be viewed
as divisible in to two stages: (i) the feasibility test
or the test for the minimum floor of acceptance or rejection;
(ii) the economic efficiency test or the test for maximizing
the objective, e.g., contribution to GNP. For the feasibility
test, the decision rules are to accept projects if the B-C
ratio is greater than one, or the IRR is greater than the
opportunity cost of capital, or the NPV is greater than

zero. This test does not involve any problem of criteria
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because all the three criteria will give the same decision.
Problems arise in the second test which is, in fact, the
crucial phase of project evaluation. Which criteria should
be selected to insure economic efficiency? Given the objec-
tives it depends on the nature of alternatives, the size and
limitations of the budget, and any other constraints in a
particular situation.

At this stage, it is appropriate to present a brief
discussion on the link between the three criteria and the
optimizing formula in the theory of resource allocation. A
note on the theoritical basis of benefit-cost analysis is
presented in Appendix VII. Some important points from the
note are elaborated here to highlight the link.

In micro-economic theory, optimum level of utiliza-
tion of a resource is obtained when the marginal value
product (MVP) from the resource is equal to the marginal
resource or factor cost (MFC). We can consider benefits and
costs of an investment in a project in terms of a production
function where benefits represent output and costs an input.
The optimum level of factor use in this function will be
indicated by the point where the difference between the bene-
fit and cost curves is maximum. It is precisely the point
where MVP=MFC or MVP/MFC = 1. If we assume a project as a
marginal one, a B/C ratio of 1 will indicate that an optimum
level of investment in the project has been achieved. When

the resource under consideration is specific to one use or
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fixed, its opportunity cost is zero. Then the total factor-
cost function will be zero. In this case we will maximize
the benefit i.e., we shall use specific resource up to the
point where the total benefit is maximum. In reality, a
project cost includes both specific and non-specific re-
sources. Total factor cost of all resources should reflect
the appropriate opportunity costs of both specific and non-
specific resources.

We have so far assumed no budget constraints in
production process. If a budget is limited to expand pro-
duction to the point where the MVP equals MFC or B/C ratio
equals 1, the optimum level of resource use will be indicated
by the B/C ratio of 1 plus a factor, say v, reflecting the
tightness of the budget. A measure of the tightness of a
budget may be obtained from the additional cost involved in
raising additional capital. Sometime the marginal taxation
rate or the cost of borrowing external finance provides an
estimate of tightness of a budget. If the marginal taxation
rate is 0.05, the B/C ratio for optimum resource allocation
would be 1.05.

Comparing projects by the B/C ratio merely means a
comparison of the respective benefit and cost function. For
a given budget, selection of a project with a higher B/C
ratio will imply maximization of net benefit from the budget.

So far we have not mentioned anything about time.

Generally, an investment in a project generates revenues over
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a number of years. In terms of a production function this
means that values at every point in the curve or production
surface represent the present values. The present value is
obtained by discounting streams of outputs and inputs by an
appropriate discount rate. The same principles of optimum
resource use are still valid. With an unlimited budget the
optimum level of resource use will be where MVP=MFC (dis-
counted) and B/C ratio is equal to 1. At this point the NPV
is maximum from the given resource use. However, the IRR
measure will indicate the same optimum level of resource use
only if it is equal to the discount rate.

With a limited budget we generally can not reach to
the optimum level. 1In fact we look for new optima--optima
subject to budget constraints. In these situations we
should have B/C ratios greater than one and IRRs greater
than the discount rate. Within the context of limited budgets
comparison of alternatives becomes extremely meaningful.

The pitfalls of such comparisons using the IRR, B/C ratio,
and NPV have aiready been discussed. The main objective of
such comparisons is to maximize net benefits from a given
budget.

In the context of the present study, any one of the
three criteria, the IRR, the NPV, and the B-C ratio, would
evaluate the alternatives to be compared vis-a-vis the
income objective without any conflict in ranking. But the

result of the study may be useful in making comparisons with
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other irrigation projects or projects in the agricultural
sector. In making such comparisons, conflict may arise in
ranking due to the different natures of constraints and
costs. These would not be known at this stage. For this
reason, the results in the present study are presented in
tables in the form of all the three criteria, though discus-
sions are made using only one or two of the criteria in the
text. For evaluating the first two objectives of the study,
i.e., to investigate the monetary profitability of invest-
ment on tubewell irrigation and the relative merits of vari-
ous technical alternatives, the three criteria discussed so
far in general terms are used. The general equations are now

stated with the specific meaning of the terms for the present

study:
- bl' + Poop L 4B\ /G 4+ G
(1+1) (1442 (1+i) D +1 (1+1i) 2
+ o0 00 + cn e o000 (7)
(1+i) ™
b)=Cy 4+ bp=Cy 4 ...+ PptSCl\- o ee.. (8)
(I+r) (142 (1+r)®
. [P 4+ B +....+bn+s\ C; 4
B-C Ratio =|11imy 2 v IRecss)
(1+4i) (l+i)/
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Where:

bn = (value of crops in year n under irrigated conditions
--cost of production of crops in year n under irri-
gated conditions)--(value of crops in year n under
non-irrigated conditions--costs of production of
crops in year n under non-irrigated conditions)
n=0,1, .... n years

C.. = sum of capital, operation, maintenance and replece-
ment costs and costs on agricultural services in the
year n,

i = appropriate discount rate

r = IRR (internal rate of return)

S = salvage value if any

Criteria for Employment Objective.--During the last

decade, many developing countries initiated consciously
planned policies and programs to achieve faster economic
development (measured in terms of growth rates of GNP). By
the end of the decade, however, many of these countries were
appalled to see that although they were able to achieve a
respectable growth rate by historical standard, the growth
of unemployment and consequent poverty in the economy had
accelerated. This trend has alarmed development economists
and politicians who in the process of reappraisal of their
strategies and theories have increasingly stressed employ-

ment generation as a primary objective in their economic



65

plans. This has called for the development of appropriate
criteria for measuring the change in development at the macro
level and for project evaluation at the micro level. Gustav
Ranis suggests, "the criteria of success in the development
effort may be stated as a rate of industrial labor absorption

10 He views this

in excess of the rate of population growth."
criterion as effective in insuring policy orientations favor-
able for the growth of both GNP and employment in an initially
labor surplus economy.

In the context of project evaluation the criteria
used to measure the effectiveness of a project in employment
generation have direct relevance to the present study. Meas-
urement of the effect of a project on employment generation
has been attempted by the valuation process of labor input.
In a recent report to the Water Resource Council of the
United States of America, a Task Force recommended that the
benefit of employment generation from a project should be
measured by the inclusion of such labor costs (type of labor

11 This inclusion of

employment generated) in the benefits.
the labor costs once in the benefit and again in the cost

side is equivalent to the proposition of valuing the labor

10Gustav Ranis, "Allocation Criteria and Population
Growth", The American Economic Review, Vol. LIII, no. 2,
May, 1963, p. 623.

11U.S.A., WRC, Report to the WRC by the Special Task
Force: Procedures for Evaluation of Water and Related Land
Resource Projects (Washington, D.C., WRC, 1969), p. 69.
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input at zero price. This approach combines the effects on
both income and employment generation in one criterion.
Another approach, however, which has empirical application
to developing countries involves a separate criterion for
employment creation objectives. Following this approach
McGaughey and Thorbecke evaluated a series of irrigation

12 They constructed employment-investment

projects in Peru.
ratios of projects to indicate the relative employment crea-
tion capacities of projects.

Following the procedure used by McGaughey and Thor-
becke in their appraisals of the Peruvian irrigation projects,
the employment-investment ratio will be constructed in the
present study for the measurement of the impact on employ-
ment of irrigation projects. The employment-investment ratio
(henceforth called E/K ratio), is defined as the present
discounted value of the unskilled labor input per unit value
of the project investment cost. Hence,

E/K = 7Y En/(1+i)j VD) l}n/(ui)ﬂ
o o
Where:

E sum of the present values of labor costs,

K = sum of the present values of capital costs,
En= values of labor costs in year n,

12Stephen E. McGaughey and Erick Thorbecke, "Project
Selection and Macro-Economic Objectives: A Methodology
Applied to Peruvian Irrigation Project", American Journal of
Agr. Eccn., Vol. 54, February, 1972, pp. 33-37.
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= values of capital costs in year n,

y1,2, «vee... n years,

Kn
n 0
i discount rate.

In addition to the E/K ratios, the employment gener-
ated in terms of man-days, attributable to investment on the
irrigation project, is also calculated in the study. This
is done by taking the difference in total man-days of labor
required with irrigation and without irrigation. The dis-
tinction between skilled and unskilled labor is made by de-
fining all laborers without any formal education or taining
as unskilled. Thus all agricultural labor is considered
unskilled. The "peons", "darwans", guards, helpers, and
"barkandazs", in the category of fourth class employees in
the Tubewell Irrigation Project (the Fourth Plan Project),
are treated as unskilled, while the truck drivers, operators
and other technical and non-technical employees in the project
are classified as skilled labor. The question of whether the
value of unskilled labor and not all labor should be in-
cluded in the numerator of the E/K ratio has to be decided
from the supply and demand situation of such labor in the
country concerned. If both skilled and unskilled labor are
surplus in the country, E will include both. If the unemploy-
ment problem is limited mainly to surplus unskilled labor,
as is usually the case in less developed countries, then only

the value of unskilled labor should be included in constructing
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the E/K ratio.13 In Bangladesh the unemployment problem is
severe primarily in the unskilled labor force. Some struc-
tural unemployment of skilled manpower is expected by 1985.
This is expected to derive mainly from the imbalances in the
skills currently produced and those for which demand is likely
to be created by developmental activities undertaken by that

time.14

However, a deficit of skilled manpower is expected
during the next decade or so, particularly in the context of
the new situation, for several reasons. First, part of the
skilled manpower in the country was formerly supplied by non-
Bangalees which will not occur in the future. Second, inde-
pendent Bangladesh will be in a better position to undertake
a large development program creating a large demand for
skilled manpower. Third, some skilled manpower was lost
during the war. Considering these factors the inclusion of
only unskilled labor in the E/K ratio, implying the existence
of a surplus labor problem only in the unskilled category,
appears to be justified.

The second consideration which influenced the selec-

tion of E/K ratio for evaluating projects from the point of

view of the employment objective is its existing use in

l3The author discussed the issue with Dudley Seers
when he visited the Michigan State University from May 30 to
June 2, 1972 for a series of lectures on unemployment prob-
lems.

l4East Pakistan (Bangladesh), Ministry of Planning,
Manpower Planning In East Pakistan; Medium Term Projections,
Problems and Policies; (Dacca, Planning Department, 1969).
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planning in Bangladesh. For example, the employment-
investment ratio was used as one method in projecting the
demand for manpower in Bangladesh.15

Concluding Observations.--The chapter may be con-

cluded with a few observations. First, the three fundamental
problems in conducting a problem solving research need con-
stant attention of researchers. 1In absence of any absolute
measure of utility, money has been serving as the common
denominator for multiple objectives. Interactions among
researchers and the people involved in research problems may
help partially overcome the problem of common denominator.
The problem of order conditions is very difficult to handle.
Nevertheless, it deserves attention of researchers while
designing a study. Selection of an appropriate decision rule
depends mainly on the attitudes of decision makers, various
constraints in implementing the decision, and the extent of
knowledge about future outcomes. Because of inadequate
solutions to these three fundamental problems, many of the
empirical studies generate partial information for decision
makers. Final decision making can not, therefore, be based
completely on the findings of such studies. The present
study also falls in this cateogry.

Second, analytical techniques for evaluation of pub-

lic investment programs have been steadily improving over

151pid., p. 37.
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time. But the status of techniques still deserves further
improvement. Application of probability theories and simu-
lation, including various programming techniques, are the
recent tools of sophisticated analyses. These tools have
been efficient in insuring consistency among related factors
in aggregative models. But the micro aspects of many factors
have to be sacrificed in largely aggregative models. Both
macro and micro analyses are important and they should be
considered complementary rather than substitutes to each
other.

Third, the present study is conducted in a partial
equilibrium setting. The study is designed to evaluate the
net effects of investment in irrigation on income and em-
ployment. For evaluation of the effects on income, the
measures of IRR, NPV, and B-C ratio are constructed. For
evaluation of employment effects, the E/K ratio is employed.
Mathematical formulations of these measures have been pre-
sented in this chapter. Various pitfalls in using these
measures while making a choice among alternatives have been
indicated. Attempts have also been made to elaborate the
theoretical basis of use of the measures of IRR, NPV, and

B-C ratio in evaluation of public investments.



CHAPTER IV

PROJECTION OF CROPPING PATTERN

UNDER TUBEWELL IRRIGATION

One important step in the evaluation of any irriga-
tion project is to project the most probable cropping pattern
under irrigated conditions of farming. In the present
chapter, a future cropping pattern for the study area will
be projected. This projected cropping pattern will form the
basis for the calculation of the project benefits from irri-

gation in the subsequent chapters.

Projection Problems

The first problem in the projection of a future
cropping pattern is to identify the determining factors.
What are the rationales behind the decision of a farmer in
allocating various amounts of land resources to various
crops? For commercial agriculture, it is agreed that the
relative monetary profitability of an enterprise is the major
determinant in allocating resources. In subsistence agri-
culture, the role of money income in resource allocation has
been a long debated issue. To understand the issue, one

must realize that, in the real world, very few farms are

71
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perfectly commercial or perfectly subsistence types. There
is a continuum of two dimensions--the proportion of produc-
tion consumed by family in one dimension and that of family
labor employed on the farm in another. The differences be-
tween the commercial and the subsistence farms lie in the
differences in degree of these two dimensions associated with
different farming systems.
The question of the economic behavior of subsistence
farmers has drawn the attention of economists and other
social scientists. Schultz emphasized the role of profit as
the most important consideration in farm resource allocation.l
On the other extreme, some institutionally oriented
economists and social scientists tend to argue that the pre-
vailing institutions and non-monetary considerations play
the dominant role in resource allocations in subsistence
farming. Intensive studies on the issue indicate that the
fact is probably in between the two extremes.2 Farmers in
subsistence agriculture are responsive to economic incentives
in adjusting their resource commitment to various enterprises,
but the intensity of such responsiveness is constrained

mostly by the need for security, the production conditions,

lT. W. Schultz, Transforming Traditional Agriculture
(London and New Haven, Conn.: Yale University Press, 1964).

2See for elaborate literatures in: Clifton R.
Wharton (ed.), Subsistence Agriculture and Economic Develop-
ment (Chicago, Aldine Publishing Co., 1965), pp. 165-
243,
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and to a lesser degree, by their customs and value system.
However, the degree of responsiveness varies from crop to
crop as well as between individual farmers and the agricul-
ture sector as a whole. Cash crops and seasonal crops are
more responsive to monetary incentives than perennial crops
and subsistence food crops. The responsiveness of individual
farmers in the reallocation of resources to various crops
due to changes in the relative prices of these crops is
generally more pronounced than the response of aggregate
production in the agriculture sector to the changes in the
price levels of agricultural and industrial products. The
fact that subsistence food crops are less responsive than
cash crops is, perhaps, a reflection of the farmers' concern
for security. Farmers want to ensure that they get a certain
level of food supply from their own farms. Rabbani working
on jute and rice concludes that the allocation of land to
rice and jute in the Aus season in Bangladesh is largely
explained by the relative prices of these two crops.3 With
an increased productivity in agriculture arising out of new
inputs, particularly the seed-fertilizer revolution, the
role of the profit motive in resource allocation is likely

to be more pronounced in Bangladesh as well as elsewhere.

3Ghulam A. K. M. Rabbani, "Economic Determinants of
JUte Production in India and Pakistan", (Karachi: The Pak-
istan Development Review, Summer, 1965), p. 50.
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A second problem in the projection of a future crop-
ping pattern is the uncertainty about which new crops will be
introduced once irrigation water becomes available. Yield
rates for these crops and the future price levels of outputs
and inputs will also be a problem. Traditional crops grown
in a traditional setting may not be the ones grown in a new
setting of technological conditions. The raising of new
crops, which were previously constrained by the lack of soil
moisture, becomes possible with irrigation water. How-
ever, the major factor influencing the selection of crops is
the demand level for the product. This factor alone will
have the most dominant influence in Bangladesh. Therefore,
rice will continue to be the major crop. However, new
varieties of rice will most probably replace the low yielding
existing varieties.

The yield rates of new varieties in the future can be
estimated either by extrapolating the results of production
trials within the country or by using the results obtained
in other countries which have similar conditions. The latter
source is considered to be very unreliable since there may
be a host of factors which might not allow a high level of
yield to be achieved in one country, although it was possible
in some other apparently similar country. Estimates of yield
rates based on the results of production trials should take

into consideration the effects:
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a. of a large scale expansion, possibly on gradually
inferior soil, on the future average yield;

b. of a loss of vigor of many varieties in the process
of adaptation over a long period; and

c. of the continued and accumulated experience of

farmers in growing the new varieties with the

resulting impact of a better husbandry affecting

the yield rates.

Intorduction of the new high yielding varieties in
Bangladesh started with the introduction of 303 rice varieties
from the International Rice Research Institute, Philippines,
in 1965.4 These varieties were tried on the experimental
farms in that year and the average yields of the best vari-
eties (IRR-8) ranged from 62-87 maunds of paddy per acre.5
In 1966-67, the varieties were released to farmers on about
2,000 acres. The estimated area under these new varieties
in Bangladesh in 1967/68 and 1968/69 was about 160,000 acres
and 200,000 acres respectively.6 Scattered evidence on the

yield rates obtained by these farmers using the new varieties

is available. The Agriculture Department, in the food

4A. Alim, et. al., Progress Report On: Accelerated
Rice Research Program of East Pakistan, January-August 1966.
(Dacca, Agriculture Department, 1966), p. 5.

5

Ibid., p. 7, (one maund = 82.29 1lbs.).

6Joseph W. Willet, Spring Review of New Cereal Vari-
eties, May, 1969. (Washington, USAID, 1969), p. 10.
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self-sufficiency program assumed a yield rate of 51.4 maunds
of cleaned rice per acre.7 This was based mainly on the
results of crop-cuttings from the demonstration plots of
farmers. In terms of paddy, it worked out to be 74.4 maunds
per acre which is undoubtedly very high for projection
purposes. The author conducted a survey in the 1968 Boro
season collecting data from 60 farmers in the Dacca, Chitta-
gong, and Mymensingh districts. The average yield of the
IRR-8 varieties in terms of paddy in this survey was found
to be 52.20 maunds per acre. Underwood found the average
yield of the IRR-8 varieties, grown in the Boro season in the
Gumaibil area of the Chittagong district, to be 63.6 maunds
per acre.8

The IRR-8 varieties were mainly meant for the Aus and
the Boro seasons. For the Aman season, the IRR-20 was
recommended by the Department of Agriculture.9 This variety
was grown in the 1970 Aman season on about 150,000 acres.
The performance of this variety was evaluated through a

survey conducted by the Department of Agriculture with the

7East Pakistan (Bangladesh), Agriculture Department,
Food Self-Sufficiency Program, op. cit., p. 10.

8Sharif M. Masud and F. L. Underwood, Gumaibil Boro
Paddy: Profits and Losses, 1967-68 (Mymensing, Agricul-
tural University, 1969), p. 13.

9Refuglo I. Rochin, Farmer's Experiences with IR-20
Rice Variety and Complementary Production Inputs- East
Pakistan, Aman 1970 (Dacca, Ford Foundation, 197/1), p. 3.
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help of economists from the Ford Foundation, the Agricultural
University, Mymensingh, and the Pakistan Institute of Develop-
ment Economics. The average yield of paddy was found to be
only 33.64 maunds per acre in this survey. There was consid-
erable variation; average yield ranged from 23 maunds in
Denajpur to 47 maunds in Bogra. In some places, the yield

was exceptionally high while in others it was very low. The
results were considered inconclusive. In 1970, a severe
natural calamity damaged the crops and hampered pollination.
Moreover, the efforts in the first year had many limitations;
seeds arrived late with a resulting planting delay in many
places. In those areas where normal climatic conditions
prevailed and recommended practices followed, IRR-20 yielded
40 to 50 percent higher production than the local varieties.lo
One outstanding finding was that the IRR-20 did relatively
well even in those‘areas which did not have supplemental
irrigation. However, this finding is not conclusive since
it is based on a limited survey of one year only.
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