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THE ECONOHICS OF IRRIGATION IN EAST PAKISTAN:
A CASE STUDY

¥
sbdul Ghafur

INTRODUCT ION

t concerted effort besed on well defined strategy for
agriculzural development in East Pekistan is still lzcking
primerily due to the absense of zdequate informatlon on technical
problems of zgriculture znd faraers reaction to innovation in thst
province, The Comills Rural Cooperative rilot Experiment / 8 _7,
though not a strategy by itself, may be considered a major step
towards overcoming this limited informstion problem, The Comilla
Experiment emphasises the crucial position of the institutional
factors in the development of the agrarisn economy in East
Pakistane, It aias et trensforming the econoimic znd sociel
structure of the Project srea through village cooperatives
temporarily nourished by = number of supporting institutions,
mainly %tne Kotwali Thana Central Cooperstive hssociation (KTCCL)
which 1s the nucleus of the cooperstives, The Experiment
comprises a wide ranze of socio-economic prograames including
improvement in sgricultural productivity throuzgh introduction
of & broad range of agzricultural inputs and improved practiess
to be chsnneled through the cooperatives. The Comille Pilot
Project in Irrigation-Eleectrification / 10 _/ is a major
experimentel programme ‘sponsored by the KTCCL znd the Bast
Pakistan Water and Power Development Luthority to examine all
the importent facets of costs and benefits of such 2 projects

Together with other agriculturel development programmes the-

¥ The author is = &teff Economist at the Institute of
Developaent Economicse, He is deeply indebted to Dr, Stephen
R. Lewis Jr., Resgrrch idviser ot the Institute, for his guidence
dt ¢ll staszes of the work, He is leo indcb*ea to Mr, b.h. Rahinm
EnQ-ME.LJlZ Khrn, Resezxrch 5peClull «nd Research hLssoclcte

clvely et the Pekisten Lcademy for Rural Development,

for their active cooperation in course of the study., This

peper is btased on =n investigetion carried on in Comilla Projecs
from May, 1964 %0 Uctober 1964, Responsitility for the views
sed =znd fox egny erroxs is "thot of the author alone,

‘—h

L)



Irrigetion-Electrification Project is expected to generate
veluable information on farmers'! reaction to =né adoption of
different varietics of azriculturzl improvement programues

and also the cost and benefit implications of these programmes,
Moreover, the irrigation experiences in the project area will
also be available for comparison with other projects undervaken
by the East Pakistan Water znd Power Developilefiv Authofity ‘
(WAPDA) =nd East Pakistan hgricultural Developument Corporasioh
(LDC).s The Comilla experience may provide a firmer basis than
is warranted by theoratical feasibility studies upon which

an optimum intre-agricultural resource sllocation policy can

be formulszted and incorporated into netional planning.

THE PROJECT LRE&

The Comilla Pilot Project area is the Kotwali Thaha of
the district of Comilla, Bast Fakistan., The area of tne Thana
is epproximately 107 square umiles zné the populetion, as. shown
by the 1961 census, was 2,17,297. It lies in %he middle
eastern corner of the district. The main river in the Thene
is the river Gumti which flows from esast to west., In the past
the river has caused tremendous dcmege by flooding during the
monsoon season and an embankment has been constructed along
both sides of the river. The gzeological formation of Thsna is
alluvials soil texture var:es from sandy loam to clay and cleay

loam,

THE PROJECT
The Pilot P:ioject-consists of three different irzizestion
projects and Rural Electrification Project (REr) each of which

1s seperately evalusted in the Project Report, The fiirst

irrigation project, which is known as Sonsichuri Project will
take water from the Gumti River by gravity fiow through pipe
sluices into a network of cznzls, The Sonaichuri Project will

be financed from the works prograune funds of the Kotwali Thane
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Counhcil, The second irrigetion project consists of floating
punps on rafts on the river Gumti =nd will irrizate zdjscent
lanéds. The project is expected to irrigate 980 zcres, compzred
to 6000 acres for the Sonaichuri Project. In the thixrd
irrigzation project, tubewslls will be instelled to irrigate an
area of 12,000 acres not easily rezched from the Guati or from
Soneichrui. The first project is at the initisl phase of
construction znd has not been used for irrigation so far., The
second znd the third projects will be finsnced by the KTCC4 and

it is only these two projects that are the basis of our discussion.

THE TUBEWELL PROJECT

Considering the topographical snd other limitations,
irrigetion by tubewells has been recommended in the pilot
project for the aress not in proximity of wvhe Gumti or
Soneichuri, The seasonesl distribution of rainfaell in Comilla
area [" Lppendix - 1 _7 demznds control of water supply particular-
ly for winter irrigstion. The high cost of surface storzge sites,
problems of evaporation znd infiltration contribusics To more
extensive andé intensive development of underground water as an
alternative, The usual problems like serisus lowering of water
table by developing sub -surfecce water is not acute in case of
the Project srea due to favourable geological formetion and
abundant rainfall facilitating natursl recherge of the water
bearing strata. Experiences slrezdy gained regarding Jrrwedcwn
sugzests that the level (or wpressure) of water in the aquifer
will not be disturbed much if wabter is pumped at the proposed
rate., The concept of mining of water may, however, be applicable
to She south eastern pert of the Thene where recherging possibil-:
ities are limited. In the test bor.ng conducied a2t various

locations throughout the Thanes, the nstural characteristics of

1/ _ Lowering of the ground water level increases the
pumping 1ift =nd mekes weter increassingly expensive, There
are other problems ss well,
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the water bearing sand end the cextent =nd thickness of the
aquifer were found favourable to developing underground water
at reasonably low costs,

The tubewell *project consists of sinking 200 tubewells
of 6 inch dismeter with centrifugal puwaps over a period of
four -yesrs, Each tubewell  yieldinz 1.5 cfs of water is
expected to irrigate about 60 acres of lznd. Thus 200 tubewclls
will irrigzate 12,000 acres although approximstely 30,000
acres of cultivable land could presumably be irrigeted from
tubewells, if sufficient numbers were installed. The avsrage
deptin of the tubewells is expected to be 200 ft. The averése

-

cost of tubewells using elecuric engine znd diesel motor 1is
estimeted to be Rs. 20,632 and Rs. 21,425 respectively. The
sponsors of the project favour tubewells using electric sngines
over diesel engines on the ground of lower annual costs of the
former, Aibout forty tubewells heve so fer been installed in
different cooperative villazes out of which eleven tubewells
irrigated curing last winter, The financlal procedure followed
is that the KTCCL instells the tubewells and the entire cogst

of instellation is extended as = lonz term loan to the cooperative
societies, So far tne procedure of payment has not been-decided.
It is expected in the Project Report thst such purchass on
instalment by the primary cooperatives will force more efficient
utllizetion of wester since the overhead chearges will fall on

the villagers themselves,

THE GUMIT 1LOW LIFT FUMEING PROJECT

It is proposed thet by 1964-65 six rafts are to be
flosted on the Guuti River each with pumps capable of delivering
4 cfs of water, The sponsors think thet the most economical
pump to use 1s the 4 cfs electric powersd puaps but it is
suggested thet other types of puaps already acquired will also
continue in use., The Froject suggests that che cost of pumps

end thelr installetion should be hzndled ss lozn from the KTCCh



to the village cooperstives, Three low 1lift pumps were used
for the last winter irrigation.
The estimsted costs of tukewells znd power pumps are

shown in Appendix II.

THE RURALL ELECTRIFICATION PROJECT

In addicion to the irrigation Projects, a pilot project
for rural electrification is undertaken by Bast Fakistan WAPDA
to meke electric power avzileble throughout the Thahae 1t 1s
projected thet net power use by the irrigation projects will
be 3,346,776 KwH, the domestic consumption will be 1,5 million
KwH, and commercizl and industrisl usage will add enother 150
thousand KWH, It is es-imsted thet the znnuel cost of the
REF will be Rs, 552,000 and the annual deficit in the system will
be Rse 167,303,

II
SOME EXFERIENCES ON FIAED COSTS

The particulerly fasvourable results of the test boring
in the Comille erea facilitate low cost of installation of
tubewells, It is very difficuli Lo assert thet the Comilla
experience on costs of tubewelis mey be considered a represenw
tative picture of the whole of East FPakistan, Nevertheless,
these sets of disaggregasited cost date may contribute to any
comparztive study on the ecost aspect of irrigetion in East
-Pakistan,

It is interestinsg to nose that for tubewells using
diesel engines there is a little divergence between the
estimated and the actual total cost, though on an item by itenm
basis there is wmuch difference ( Appendix - III ), The cost
of .2 15 H.P, diesel engine with pumps turned out to be more
than Rs 9,300 as azainst an estimazte of Rs '794500e The cost
of pump house which has not been mentioned in the estimcte
comss to.avout BRs 2,000e. On the other hend, labour charges

-0

(testing, borinz =nd trensportztion) turnh out to be about



Rs 500 as agzinst estimeted Rg 2,000; overhesd chearges

are fixed eround Rs 1,000 as azainst estimsted Rs 2,500.
The estimated reserve for dry holes of Rs 2,000 is so far a
"possibility",.

To minimize the cost, a siaple labour intensive method
of drilling is followed by the KICCL, The scearicity of
skilled drillers is still a problem but the atiempt to train
local people for this purpose appezrs to be guite successful
end has not so far retsrded the tempo of installation of
tubewells, We are, however, in doubt, when we come 7O
overheads, It is not guite obvious how the combined costs
of casing pipes, boring snd other drilling equipments, the
engineering section; trensport (jeep, driver, fuel) and 211
others can contribute as little as Rs 1,000 per tubewells,

In case of deep tubewells using electric engines the divergence
between the estimated cost in the Filot Froject and the actual
cost for pump-nouse, labour charges, overhead and reserve. for
dry holes are similer to that of tubewells using diesel
engines,

In the original estimete / 11 _/ the cost of 1/2
mile of 400 volt line ( Rs 11,485 ) was included as a peart
of the cost of each tubewell and low 1lift pump using electric
engines and the practice ig continued in the revised project
in the case of low 1ift pumps only. In the original estimastion
the cost of tubewells with electric enzines and diesel motors
were Rs. 29,350 and Rs 21,425 respectively, In the revised
estimate the costs of tubewells with electric engines have
been "cut down" to Rs 20,632, meking the tubewells using
electric.motor "cheaper" than tubewells usinz diesel motor,

In the revised project provision has been mede to charge,
"where necessary" / 10, p.26 _/ the cost of 400 velt line with
an average of 750 ft ageinst each tubewell., The implication

of such cost accounting will bte discussed in detail in

Section V.



The method commonly used in distributing water over
the arez to e 1lrrigeted in open ditch, These ditches
may be permenent or temporsry, lined or unlined,

It is zenerelly acceprted in Comilla arez thet the
temporery ditches, though they heve To be re-exceveted
eech yesr, ave cconomically more efficient than other
netnods., No athempt has yet been made to measure the
extent of seepaze losses in the distribution channels
but the neture of the soil (both texture and structure)
that excessive 80 that bricklined canals _may be
suggests that seepage losses mey nhot be/economically
justified in this crea, The choice between esrth ditches
and¢ brick lined canals, however, is not so obvious
as 1t appesrs to be, In the FPilot Project a secpage
loss'of 20 per cent in the distribution caznals hes been
estimated / 10, p.60 _/. If the water lost in %he
ditches could be fully utilized *%hen each tubewell could
irrigate esnother 15 acres of land. 4ssuming a net
additional benefit of Rs 50 per azcre and a 100 per cent
replacement requireament in 25 years, and additionecl
investuent of as much as Rs 10,700 for bricklined ditches
would have been justified at 5 per cent interest rate.

No diesggregated cost data for the low 1lift
ruaps are gvaileble, A4 rough brecakdown of the cost of
construction of rafts indicestes that the actusl cost
of rafts is higher than the planned cost. The cost of
fittings is zlso slightly higher., However, the disparity
between the ¢stimested cost and the actuzl cost is not

likely to be large, Most of the discussions in the report

]

ere bazsed on tubewells, Still a lzrge number of conclusion

arrived at would clso be true in cases of low 1lift pumps

particularly with regard to utilizestion snd benefits.



In estimating the costs of different materials used in tubewells
and power punps the market prices of these materials at Dacca and
not the actual cost of aquisition has been used by the KTCCA., In
calculating the cost of materials for the Ground Water Development
and Pump Irrigatioﬁg_([— 14;7, the International Engineering Company
Inc., (IECO), general consultant to the BEast Pakistan WAPDA, has
used the cost of aquisition of the materials a substantial part of
which is to be imported. Particularly due to the undervaluation of
foreign exchange in Pakistan / 16_7% the rupee cost of aguisitiion of
an imported good is much lower than the domestic free market price
which is a better index of the (soesial) cost of material,., In this
respect the costing policy of the KTCCA is more in conformity with
the proper economics of project avaluation, The divergence between
the social cost and the private cost will be discussed more elaborat-
ely in section V,

11T

A)

VARTIABLE COST

It has been assumed in the Pilot Project that the annual cost
of maintenance of tubewells®including inspection, operators wages,
repair) will be reoughly 2 per cent of total costs / 10,P. 56-60_/
or slightly more than Rs 400 per year per tubewell,.On the basis of
the estimated annual costs of tubewells in the Pilot Project this
implies that on a per acre basis maintenance cost will be Rs 7 or wew
roughly 10 per cent of the annual cost, 1t may be noted in this
connection that in the Scheme on Power Pump Irrigation by the iLast
Pakistan Agricultural Development Corporation (ADC) / 13_/ the

annual cost per acrec on the said item is Rs 14.40 or 34 per cent of

2/ The East Pakistan WAPDA has taken up a vast irrigation
project comorising irrigation by tuvewells and 1lift punmps
to be driven by electricity or diesel engines titled 'Ground
Water Development and Pump Irrigation in the Northern
Districts of East Pakistan'!, The estimated total cost of the
Project is Rs, 134 miliion, The Project will be located in
the districts of Dinajpur, Rangpur, Bogra and Rajshahi and
is likely to irrigate an area of 180,800 acres.,

3/ An extensive Power Pump Irrigation programme to be located
all over East Pakistan has Leen undertaken by East Pakistan
ADC at an estimated cost of Rs. 52.98 miliion rupees., 1t is
expected that in 1964-65 a capacity of 9081 cfs will be
available for the irrigation of 381,402 acres. Per acre cost
of irrigation based on boro paddy is estimated to be Rs 42.95
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total annual cosi, Even so, the ADC experience tends to show
that the meintenance cost has been undercstimated. Experiences
gained by/KTCCA in the first five months of 196k indicate that
the annual cost of maintenance will be much greater than expectec
and a much larger increase is to be feared for the future. In thc
case of the tupewells which irrigated more than 50 acres for thc
1964 bof% crop, the total bill for drivers wages exceeded Rs 400,
In calculating the actual cost of operation, the cost of
inspection is not taken into account at present, though this is
a very important item of real cost. On the one hand the cost of
inspection is a current cost item; on the other hand the
frequency of inspection largely affects the economic life of
engines and reduces replacement cost. The cost of repair
(spare parts!' and labour) has in some cases exceeded Rs 100
though the engines are not old. It seems, therefore, that there
has been a major underestimation in the cost of maintenance -
the actual cost may be within 30 to 40 per cent of total annual
costs.

No serious bottleneck in operation and maintenance of
tubewells- is anticipated in the near future if the current
rate of output of trained engine drivers which exceeds the rate
of expansion of tubewells, is continued. With further increase
in tubewells in operation the demend for machanics and assistant
mechanics will also increase to keep a reasonable frequency of
inspection and a prompt repair service, Both the qualitative and
quantitative aspects of training is important:because only with
the availability of semiweskilled drivers at a.low wage rate will
the cooperatives find the tubewells attraetive and also have
confidence in their own capability of running tubewells
economically, A series of short training courses will improve the
efficiency in maintenance of engines and .may lay the foundation
of satisfying the demand for mechanised cultivation and otler

mechanical developments.,

L/ Boro is sown in seed bed in Uctober— November, transplanted
in December, - January, and harvested in Merch - April.
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All these problems of operation and maintenance are now
exogenous to the primary cooperatives, 4s long &s the ownership
of tubewells is not transferred to the cooperatives, lack of
proper protection and cleaning of engines, carelessness in
timely reporting of trouble with the tubewells, etc, by the

drivers wilil continue, due to the absense of any interest group.

IV
ASSUMPTIUNS IN THE CALCULATION OF ANNUAL COSTS

In computing tlie annual costs of tubewells using either
electric engines or diesel engines an economic life of 15 years
for engines and 30 year for wells have been assumed, The
International Engineering Company, Inc., (IECO), expects
/14, P. 14 /7 a life of 20 years for both engines and wells for
the tubewell segments of the. Ground Water Development and Power
Pump Irrigation Project., In both cases the cost of well is much
more than the cost of engines, Since the conditions of operation
and climatic conditions are not very different between the two
project areas it follows that there has been downward bias in the
calculation of replacement reserve in the Comilla Project or an
upwgrd bias in the WAPDA project. Such a downward bias in
calculation by the KTCCA is reinforced by the fact that the
imported materials which will be used in BEast Pakistan WAPDAwl
Project are expected to outlast the local varieties used %gczéé/
In case of diesel driven low lift pumps, provision has been made
in the WAFBL Project Report to replace the engine and raft in 5
year / 14, p.17_/ whereas in estimating the annual cost of low
1lift pumps in Comilla it is assumed that the economie life of the
diesel engines will be 15 years, The East Pakistan ADC has
calculated the annual depreciation at 10 per ceat of capital
expenditure / 13 , Appendix VIII/ in a straight line method. If
sonverted by sinking fund method this means a provision for
replacement in 8 years (at 5 per cent interest), This is not
0 say that the Comilla Pilot Project necessarily, will ke proved
very optinistic in this respect, but the element of uncertainty

could have been better avoided by a siightly conservative cota-
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The rate of interest (5 per cent} used in the Pilot
Project is an example of divergence between the social and
private cost. Lven though the KTCCA can borrow money at a
lower rate of interest, the marginal productivity of capital
in Pakistan is mnwuch higher- about 10 per cent aecording to
some estimation / 6 _7/, In addition,there is always an element
of risk attached to a specific project particularly where the
output is a local product because such output cannot be
transferied to other parts of the economy where an excess demand
at the current water/gzgeexist. 1t has been generally accepted
that "a prewium in the interest rate appears to be the most
useful adjustment for risk in a project evaluation® / 4 7.
It seems that a rate of interest between 8 and 10 per cent would
have been more aporopriate in calculating the cost aspect of
the project. The prgctice of using.a low rate of interest in
project evaluation/éiso folliowed by the East Pakistan WAPDA and

the Fast Pakistan ADC.

v
A RE-ESTIMATTON OF TLE PRCJECT CuST

All the components of the Comilla Pilet Project can be
broatdly divided into two parts - Rural Electrification Project
and Irrigation Projects. éi} the Irrigation Projects will use

.5
electric power from tlie REP. Lt is fnteresting to note that in
evaluating all the projects seperately, the implication of suci:
inter~relationsinip on the benefitecost calculation of different
project has been overlooked, 1f there is an ingrease in the
rate changed for electricity, the benefit of the REP and the

will be inflated.

cost of the jrrigation Projects/ A problem of the same genus is
encountered in the process of allocation of the costs of
transmission lines’ for supplying electricity betwsen REP and
Irrigation Projects, If only a very insignificant part of the
total cost of the transmissign siructure is charged on tne
5/ The pumps to Te used on the Sonaichuri w~'d use approxi-
metely 62 thousand KWH._..d the Qufiti Low Lifu ..nes will use -
approximately 120 thousand hWH per annum. The 200 pumps in the

Tubawell Projeet wily consume appreximate.y 3,158 thousand Kuk
per annum,
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Irrigation Projects they will be facourably treated in evaluation

at the cost of the REP and vice versa. It follows that by manipula-

ting both the electricity rates and the allocation of costs of
transmission lines a systematic bias can be introduced in favour
of either REP or Irrigation Projects at the expense of the other.
In the Pilot Project it has been estimated that there will ©ve an
annual deficit to the amount of Rs 1,67,903 in the REP., In such &
form the REP is not feasible and should not be undertaken at all.
The Project becomes feasible if the annual deficit is shifted to
the Irrigation Projects through either higher rates of electricity
or shifting a larger burden of transmission lines to the Irrigation
Projects or both. Otherwise 'toleration' of deficit in the REP
will subsidize the Irrigation Projects and conceal the weakness of
the Irrigation Projects as independent Projects,

. The rules of game followed by the EPWAPDA are altogether
different. In the Groundwater Development Project the costs of
transmission lines (Rs 31.7 million) and power plant (Rs 18 million)
have been included in the total project costs {Rs 134.6 million)-
the total costs of electrical structure comes to 27 per cent of the
total costse.. The power plant at Thakurgaon will generate surplus
power which will be atsorbed by domestic, light industry and
commercial users as in the case with Comilla REP. In case of the
Comilla Project a very negligible part of the cost of electrical
structure has been innuted to the irrigation projects and an impor-
tant cost item (power plant) has been omitted - "the economic
analysis shown for these projects is dependent on the continued
ability of EPWAFDA tc make available a wholesale night power rate
of Rs 0.06 per kKWK "/ 10, P. 60 /. The experimental nature of the
pilot project does not justify the arbitrary procedure followed in
seperating the REP and Irrigation Projects. Although we nay
subsidize experimental projects for a variety of reasons we must
also recognize the extent of subsidy in evaluating the projects, If
the two aspects of the Pilot Project are to be seperated at all, it

should be based on-correct economic principles because otherwise
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wrong assessment may be made about any individual proje¢t. For
our present purposes we are more interested in the total cost
implication of the Irrigation Projects than the borderline drawn
for allocating financial burdens to different organisations.,

The estimation of total power utilization in the Pilot Project
corroborates our point,., The net power use by the Sonaichuri pumps,
tubewells and low 1lift pumps will be 3,3 million LWH, Commercial
and Industrial uses will be 150 thousand KWH and "it is not
inconceivable®™ that by 1967 residential consumption will be 1.5
million KWH /10, p. 72 /. The abysmally low standard of living ia
the rural areas in East Pakistan, expericnces on rural residential
consumption in West Pskistan and low per capita electricity consump
tion in urban households in Rast Pakistan strongly indicate that
such a projection of rural residential consumption of electricity
has very little, if any, elemeat of realism in it. It appears that
for all practical purposes almost the entire REP may be considered
an appendage to the Irrigation Projects.

In evaluating the costs of tubewells and power pumps we
therefore propose that a fresh set of estimates be made by
including all the social costs {or costs to the economy) that
should be apportioned to the two projects., All the investments
ancillary to the tubewell or power pump projects should be
coneidered cost of the projects, There is very little doubt about
the fact that from the KTCCi point of view such a re-evaluation
would look less sensible, But the divergence between the social
costs (to the economy) and private costs (to the KTCCA) cannot be
overlooked in the context of macro economic planning, a4s analysed
in this section, an omission of relevant social costs leads to the
choice of tubewells using electric engines whereas efficiency
condi‘tions in mecro planning %re better fulfiiled if tubewells
using diesel motors are used.

According to the revised estimate 200 tubewells will use
341 million KWH whieh means, excluding residential consumntion
“use of power, more than 90 per cent of total power supply will be
consumed by the tubewelis, It is, therefore, quite safe to suggest

vhat 75 per cent of the total costs of REP should be included in



in the Tubewell Project. Again 75 per cent of the deficit, which
likely to be greater than the estimated Rs 1, 67, 903 due to
shortfall in residential corsumption in REP should also be
included in the tubewell prcject.

In an attempt at recaltulating the annual cost per tubewell
using electric engine by including the cost of 1/2 mile 400 volt
line for each tubewell, 75 per cent of the total capital
expenditure on REP (the cost of power plant is excluded) and 75
per cent of the annual deficit on the REP it is found that the
annual cost of tubewells using electric engines increases by
roughly 66 per cent. Even if we cut down the extent of increase
by, say, 25 per cent the use of electric engines becomes more
costly than the use of diesel engines. Although the RTCCA will
find it profitable to use electric engines the choice is nut
optimel from a macro economic viewpoint,.

On the basis of re~calculation the cost of irrigation per
acre by tubewells using electric engines and diesel engines
becomes roughly Rs 82 and Rs 70 respectively assuming that 60
acres are irrigated by each pump. However, the actual social
cost of irrigatioéiwill be much higher when underestimation
regerding maintenance cost is taken into account, the average
life expectancy of wells and engines is adjusted to conform with
the East Pakistan WAPDA and ADC assumptions,a rate of interest
is chosen which reflects the opportunity cost of capital and
incliudes the risk allowances., Moreover, like the EPWAPDA practice
all the costs of preliminary investigation, from test drilling
through the feasibility report, should be included in Comilla
Pilot Project.

The annual cost of the entire Low Lift Pumping Project has
been estimated at Rs 30, 116 ox about Rs. 31 per acre. Unlike the
tubewell project, full cost of 1/2 mile 400 volt line has been
included in the comvwutation. It is interesting to note that an
estimation of the annual costs of L cusec pumps using electric or
diesel engines (without changing any assumptions made in the

Pilot Project) establishes relative profitability using diesel
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engine , The apparent lower cost of electric engines t with pumps
becomes inverted when the appartioned cost of transmission struc-
deficit

ture and /° in REP is included. As has been discussed above

the actual cost of irrigation on a per acre basis will be much
greater than the estimates in the Pilot Project, but it cannot
blunt the truth that the low 1lift Pumping Project is on a better
footing than the Tubewell Project. In the Pilot Project it has

been asserted / 10, P. 58 / that nearly 2,500 acres can be covered
by low lift pumps from River Gumti. Considering the low annual

cost of irrigation per acre by the low lift pumps we are inciined to

suggest that priority.should be given to full exploitation of this

potential over expansion of tubewells,



PROJECT BENEFITS

Given the extent of utilization, estimation of the cost
of irrigation helps us to weed out all non-optimal methods ana
size of irrigation projects. However, in comparing two projects
in two different areas there is no reason to select that one which
produces cheaper irrigation water. Irrigation water is demanded
as an input to agricultural production and the advantages/cheaper
irrigation water may be more than offest by & low benefit generated
by it.

Irrigation water supplements the existing water available
for agricultural production and so the sseope of irrigation is
mainly governed by both the physical quantity and the time
distribution of available water, Secondly, in general terms, the
benefits from irrigation is the difference in net benefits, i.e.,
value of gross output minus cost of productions, accrued from the
present cropping pattern and the cropping pattern possible with
the introduction of irrigation facilities, These two aspects are,
therefore, briefly discussed as an introduetion. In analysing the
benefits from irrigation some external alternatives like agricul-
tural extension services are also teken into account in so far
as they are related to the economics of irrigatiun. Finally the
comparative advantages of irrigation projects and agricultural
extension services are compared in an attempt to formulate an
outline of zgricultural development strategy for Comilla Thana

and similar areas.

Importance of Irrrigation

Even though the project area is blessed with copious
rainfall there is an overabundance of rainfall during the months
of June through September and a general deficiency of moisture
during the remainder of the year [fappendix 1 ;7. The purpose
of irrigation is to prowide soil moisture so that crops may
maintain productive growth. Supplemental irrigation is

essentially a method of providing water for plant use when



the natural rainfall is inadequate. In faet the inadequate

soil moisture in the winter season is the most, though not the

only, important limiting factor in raising the intensity of

cropping in East Pakistan. Experience has shown that irrigation

water, if controlled and applied wisely in the required amount

and at proper stages of plant growth, has numerous advantages.
Proper time of sowing is an important limiting factor for

the production of aus paddyT/ In the project area, land is ploughed

and sowing is done just after the first rain. The date of sowing

is not the only factor determined by rainfall - the ratio of germin-

ation is adversely affected by a shortage and the growth of weeds

is facilitated by an excess of rainfall. The hazards of late

rainfall can be easily overcome with the introduction of irrigation

facilities. Moreover, facilities for irrigation are needed

before any general change from the broadcasting method now widely

used for aus paddy to the improved transplanting method can be

expected., Under the Lroadcasting method, seedshre sown and covered

and left to germinate as determined by available moisture, But if

transplanted seedlings were left without water supply, they

would die. This largely explains why the farmers continue their

traditional practice of sowing directly into the field. In ease

much needed abundant supply of water at the
flowering stage (October-November) is not always met with

rainfall causing a serious loss in production.

Cropping Pattern

According to their 1life cycles the crops in and around
the Project area may be roughly divided into three groups:

(a) wet season crops or Kharif crops 8,g., aus, aman, Jute,

5/ Aus paddy is sown in March-April and harvested in July-
August. Aus is a period bound crop and the naturation period is
roughly 3 months.

6/ Aman paddy is sown in seed bed in May-June, transplanted

in July-August and harvested in November through January, Aman

1s a time. bound crop:and the time of harvesting depends more upon
the variety than on time of sowing.
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(b) dry seastn srops or Rabi crops e.g., boro, mustard, pulses,
potato and (:) perennial crop e.g., sugarcane. In the project
area, the prssent pattern of cropping gives an overall cropping
intensity ol 159 per cent / 10, p. 46_/. An economic survey

of the area¢ around and including the project area conducted by
the Associated Consulting Engineers Ltd. (ACE) on behalf of the
East-Pakistan'WAPDRZéhows—an intensity of 167 per cent / 15, p.88/.
One of the most interesting findings of the ACE is that the
intensity of cropping in the wet season is 156 per cent against
only 10.8 per cent in the dry seasons. With thefinauguration of the
irrigation project it may be possible to raise the cropping
intensity in the dry season near 100 per cent and thus raise the
overall intensity to approximetely 250 per cent which exactly corre-

sponds to the cropping projection in the Pilot Project / 10, p.46/.

Benefit Estimation

It is estimated in the Project Report that at the end
of the maturation period net income for the project area of
18,960 acres will increase from about Rs. 3.4 million to Rs. 8.4
million or an increase of 147 per cent. It is expected in the
Report that yield per acre for aus paddy will increase from 14 mds.
24 ;rs.to 21 mds, (45 per cent), aman paddy from 18 _mds, 10 srs, to
28 mds, (50 per cent) und boro paddy from 15 nds 10 srs to 24 mds
(57 per cent). How this increase in yield will be brought about?
It has been argued that ®increase in yield is due partly to
irrigation and partly to applicatiogffertilizersrand intensive
cultivation® [f10, Pe h8_7. This seems to be application of the

fallacious basis of comparison, "“before and after? which does not

prevent attributing to-a project effects which are not caused, by

it but which occur Dbecause of the passage of time or for other

7/ The survey on agricultural conditions was conducted from
November, 1962 to May 1963 in connection with the feasibility
study on Gumti Flood Control and Irrigation Project. Agricultural
conditions including crop pattern, rotations, practices, seed
ratio, .econamic returns were enquired in 40 villages.
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reasons. An exogenous increase in yield due to increased use
of fertilizers, intensive cultivations, line sowing or pest
control has nothing to do with the agricultural benefits from
irrigation. The gem of the problem asserts itself when increased
yield due to the use of fertilizers etc of those crops which™ is
not proposed to irrigate™ / 10, p. 48/ is also included in the
agricultural benefit from irrigation. From experiences gained
in the first two years in Comilla area it can be asserted that
the use of irrigation water for aus and aman paddy still remains
hypothetical. Both aus and aman should be dropped from t he
benefit schedule for this simple reason.

The weakness of the estimation of agricultural benefits
in the Project Report lies not only in including crops which are
not proposed to be irrigated or which are not actually irrigated
at present but also in not setting any time limit for the
maturation period.” The method of inducing the farmers to accept
the proposed acrage. pattern is not formulated. Moreover, what
is expected to happen to the utilization irrigation water, net

benefits and costs in the development period?

Utilization of Water

In the Comilla Project the response of the farmersin
respecgitwilization of water has been encouraging,a part of which kas
originated in the changing environment created by a massive
socio-economic programme by the KTCCA. The present practice is to
charge a water rate of Rs. 35.00 per acre per crop but due to
difficulty in realisation the amount has been extended as a loan
to the users of water. In a number of cases delay in irrigation
water availability due to late installation of tubewells
restricted the acreage under irrigation. Water conveyance

structures did not create ary bottleneck. To what extent will

the farmers continue using irrigation water if the planned water

»

8/ It is generally accepted that the benefit rate depends very
much on the project age. Most irrigation projects go through

a maturation period in which economic activsties expand to take
advantage of the project services; during this period the project
vields few benefits in comparison with its future potentials.
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charges necessary to pay long term tubewell loans are levied?

The question is difficult to answer at this stage but it can

be reasonably asserted that the extent of utilization can be

made satisfactory if and only if the production of irrigated

crops is profitable enough. As could be expected, the rate of
utilization of irrigation water by the village cooperative members
was much higher than that of the non-members though there is no
water rate discrimination., It seems, however, that there is
insignificant difference in incentives between members and non-

members in respect of utilization of water,

Estimating Net Benefits

The experience and knowledge of the farmers on sound
production planning will have to reach a reasonably high level
before they are expected to use irrigation water for aus and
aman crop unless the seasonal distribution of rainfall is seriously
hazardous. A financial analysis of the fixation of water rates and
the (immediate) possibility of transfer of ownership to the.
primary cooperatives should, therefore, be based on dry season or
rabi crops. The limited evidence of a major trend showing farmers
responsiveness to production of rabi crops other than boro paddy
with irrigation water availability sugzests that for all
practical purposes boro crop should be used as the basis for cal-
culdating the net benefits of the irrigation project in Comilla
area, at least for the early years,

The prospect of a major substitution of boro paddy by
other rabi crops depends to a great extent on relative
profitability. Since we are to depend on market mechanism
for bringing about such changes, we will have/ggpend on farmers
own initiative or induce the farmers through agricultural
extension services. Anyway, it is important to determine the
relative profitability of different types of rabi crops at

different levels of adoption of improved praetices before

farmers are suggested anthing about substitution. It is
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expected that studies on costs and gross output of different
types of rabi crops will be initiated by the sponsors of the
Comilla Project as early as possible, The relative profitability
aoreover depends on better marketing and storage facilities,
imprcved trensport facilities etc., and further information

on the benefits and costs of 21l these programmes may he

very important in suggesting the direction of changes in
cropping pattern, For example, the production of potatoes

nay be relatively profitable to other alternative crops if tkere
is a storage facility. If the additional (over and above the
next highest profitable alternative crop) profit from growing
potatoes is high enougk to justify investment in storage
facilities, tken in cealculating relative profitability of

different ¢rops suck 2 programme should not be excluded.

Experience on boro raddy

The crop cutting experiment carried out in 1964 to
determine the yield of boro paddy in Comilla Eotwali Thana
by the Fakistan Institute of Development Economics, and tke
Pekieten. Academy for Bural Development shows / 12 / that
the yield of boro paddy on the plots which received no
irrigation was- significantljg/higher than that on the plots

irrigated by tubewells or power pumps. The average yield

under eack category is given below:

TABLE - A
Yield of boro paddy in Comilla Kotwall: Thana area
in 1964,
No. of Average yield
plots per_ acre
Tubewell or power purp 96 13.2 mds
irrigation
Fand irrigation : 52 14,2 mds
No irrigation 48 21,0 mds

Ldverse soil conditions and fer from satisfactory adoption of

improved practieges are believed to be the most important factors

9/ statistically sigmificant at 95 per cent level of
confidence,



gravitating against the villages using irrigation water from
tubewells or ypower pumps,

& widely used cost figure collected on the basis of an
exvensive survey gives the cost of production of bere crop es
Rs. 213,00 per acre / 3 _/ the Pilot Project uses a figure of
Rs. 189,71, 4ccording to the iLgricultural Marketing
Department, average harvest prices at imgortant markets (and
not at the farmers level) for the last 3 years was Rs 13,85
per mds / 10, D47 _/+ The gross revenue per acre from boro
paddy raised on plots using water from tubewells or powerpumps
comes to (13.2 mds wimes Rs 13.,85) Rs 182,56 which falls short
of the cost of production even without irrigation cost.

It may be argued that the lebour cost, which constitutes
roughly one quarter of the total cost, in the cost of production
should be deflated to bring it in conformity with shadow price
of labourer, In the absense of adequate information such a
deflation factor is just & meatter of guess., 4An important point
to note is that to meke the project operzstional it is necessary
that gross output must also cover the money wages whether
actual or imputted,, because the formers are likely to prefer
leisure to work if only shadow wages are p.aid to or earned by
them, What is more, inclusion of money wagss in the cost of
production is necessary to calculete a rough magnitude of &the
ninimum amount that the farmers would be ready to pay for
irrigation water. It should also be noted thst reduction of
boro prices at important merkets to prices at farmers level
and- deflation of wege cost by 50 per ceant- tends-to cancel each
othier,

Intensification of the agricultural extension activity
can bring about chenges in the desirsd direction. The yield
of boro paddy can be greately increased with .proper =sdoption of
improved methods, In Comilla Thanza & number of model fermers,
supervised by a Japaness team,. produced an aversze of 25 mds

20 seers of boro paddy per acre £ 9, pPe3 _/. The results
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obtained in the experiments on Japanese method and indigenous methoc with
menure at the Agricultural Experimental Station, Tajgaon, Daccs, Wwere an
average of 31.0 mds for Japanese method and 24.3 mds for indigenous method with
manure / 2, p.457n It is clear that adoption of improved method of
cultivation in all importsnt directions by the farmers will gradually

increase the level of productivity and shorten the maturation period of

the projecte The economic justification of the project and the possibility

of recovering the tubewell loans depends heavily oh the success of the

agricultural extension activity,

The Dynamics of Project Development

If the present tempo of installation of tubewells is to be maintained
then the whole project may run into a2 situation where the success of the
projeet will reflect the success of the project as a whole = any individusal
tubewell may or may not justify itselfe The latter situation is created
by the elements of unecrtainty regarding the speed of adoption of improved
methad by the farmers in any particular areae If the speed of adoption is
high the annual benefit will eoxceed annual cost at an carly date anc the
individual installation may justify itself, otherwise it may notT

If some flexibility with regerd to time is introduced into the
schedule of installation of tubewells the unsertainty element cen be greatly
minimizeds It may be expected that as a result of both extension services and

changes in farmers attitude towards improvod practices or products there will be

9/ The benefit=cost/may be estimated by dividing the present value of expected
benefits by initial investment where the present value of net benefits 1is
e 2 Bi=0i (B = value of additional output minus cost of production,
i-1 T | =
C = annual cost of operation, maintenance and replacement, r /'rate of discount
and i = time period)e The present value of benefits of distant years becomes
smaller if r > le For example, if discounted at 8 per cent, the present value
of Rs 100 after 10 and 20 years are Rs 46432 and Rs 21445 respectivelyes
Therefore, even if the algebric sums é&ro . identical, an early conceniration
of net benefits gives a higher presentv value of benefits and so prefernble,
over an altemmative whers benefits are concentrated in later yearse
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an incresse in adoption rate over time for non-irrigated crops like ens,
aman etce For example, if the farmers know the leovel and combination of
different types of fertilizers to be used for aus and aman paddy and derive
bonefits from fertilization, thoy may bo ablo and willing to use fertilizers
for boro paddye If they do not usc fortilizors for aus or sman .peddy -they are
not likely to use fertilizers for boro paddye These expericnces in better
methods can be transferred to the production of irrigated cropse It is
obvious that the expericnces of the farmers will increase over time and if
the installation of any particular tubewell is deferred for some years it
may justify itself better then if it is underta&en nowe If a tubewell is
71 1f &%-2 5, $6E9EE 8 o¥e 595G
sunk now the net additional benefit will be lowe prod ct1v1ty of 1rr1ganed
crops in the early years causd by relative inexpcriencoe of the farmers in
improved practiccese In this sense we may say that a particular installation
in 1964 ney not now economically justify itself, it but may do so if under=—
taken an .some fytuge vearsy In, solacting tho areas,for sinking tubewc11/

.o cultivatlon ‘have boen adopted shvtild Yo chosen
7111ages"whero bottor nothed of /l The installation of tubewells may be
postponed for the villages where improved practices arc not adopted untill
such methods are adoptede It is only when the benefit rate or speed of
adoption “depend upon projoct age alone or thes speed of adopiien for boro
paddy or other rabi crop dopends only on the actual use of irrigation

water that we ezn suggest the installation at present, if they are justified

at alle

On Comparative advantage -~

The moral of the above discussion is that mch of the success
of the tubewell Project may actually he the success of the agricultural
extension servicess We have noted carlier how blending of the contributions
of irrigetion =nd use of improved practices esn overestimate the net
contribution- by irrigation and conceal the weakness of the irrigation
projectes The importznt point here is that such a practice also helrs to
underestinate the net contribution by the agricultural extension services
and may leed to misallocation of resourcese A second and related problen is
thet with the introduction of irrigation facilities the intonsity of cropping
will also rise which, if continued without any artificial fertilization

programme, nay lead to serious depletion of the essential qualities of



of soil and creete long run problems,.

The crop cutting experiment on amar paddy the in Comilla Kotwali
Thana in. 196377 1 / neasured sffects of variation in the degree of
adoption of improved products or practices of cultivation on yield ratee It
is observed that the average increase in yield per acre on account of the use
of fertilizer, plznt protection and interculiural practices with the best
2. . yielding variety is 151 mdse Over the average yield obtained under
country nmethoc, even though the average yield under country method, ie reported
to be biased upwardse An increase in the differences mzy be sxpscted over
tinee This mesns an increase in the differences may be expected over timce
This means an increase of Rs 213600 in gross revenue Rs 17000 in net
revenue per acre for amen crop onlye If the additional net benefit from
aus crop accured as a result of adoption of improved practices is added
to the net additional benefits from smen crop the total is likely to
exceed Rs 28000 Since nc irrigation water is used for these two crops the
immediately achievable increase in net additional benefit can be ascribed
to the agricultural extension servicese Even taking into account the
possibility that the farmers who have adopted improved practices are likely
to be those who produce more paddy than average farmers, the net additional
benefit remains substantisl,

A useful way of allocating funds is to measure the benefit~cost ratio
of any investment programme e  Priority is to be given eccording to the
ranking of .the programmes in terms of the benefit-cost ratioe We have seen
that the annual social cost of irrigation is more than Rs 70400 per zcre for
tubewells and the extent of net benefit is insignificant from irrigation in
Comilla arece On the othor hend, the annuzal cost of an orgenised and adequate
agricultural extonsion service is not likely to bec more then Res 15400 per
acroe HBven with a top heavy extension service as planned in the Revelle
Report A:—185 p.1Q57'the cost per acre is not more than Rse 1500 Even
though net benfits from aus and amen may be overestimated in the crop cutting
oxperiments, the results are so overwholming that a benefit-cost analysis
places the extension services in a favoursble position over the Irrigation
Project and the economy will zein by transferring the current investment

budgets from irrigation to concentration on the extension servicese Only when

——

lq/ See footncte 93 alo( 4 che5)e
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the degree of adoption of better practices reaches certain level Will the
comparative edventage swing in fevour of Tubewells Projectse The assertion,
ganeralised for the whols of Eaet Pakistone This papﬁ%_bhas

however, should not ba/oxplored ll the alternative methods of irrigatione
Moreover, thers may be zreas in Bast Pakistan where farmers responsivensess
to irrigetion water utilization and the extent of net benefits without

any axtension service mey boe sufficient to make the undorteking of irrigation
projects justifiecde Bven if bonefit-cost ratio of agricultural extension
services is higher than that of irrigetion projects in those areas, irriga-
tion facilities should not be deferrede 4An important point to be noted

is that whereas the costs of irrigation is perpetual the cost of extension

services need not be so. It has besn adequetely establishad in some parts of.

ISR Yo I R B A S S RS S R A
Pakistan like Comilla Project area and in different parts of Mymensingh
district area A~ 5 ‘:]/that if the extension services fulfil certain
basic conditions the rosponse of the farmers can be highly satisfaotoryeThore
is no reason to believe that the farmers responsiveness in this respect
will be insignificant in other arsas of Ezst Pakistane

An attempt at introducing improved practices by primarily relying
on demonstration farms, extension of cheap and adequate credit and suprly
of subsidized inputs like chemical fertilizers may, however, bring in
dangerous consequencese The use of unbalencod and inappropriate dozes
of fertilizer, spraying of wrong variety of insecticide at ~.. wrong time
and a number of serious problems associated with each type of improved
practice or preduct mey not give farmers any additional renefit at all, the
risk of negatice zdditional benefit zlso remainse After examining the data
showing utilization of different types of fertilizers in Bast Pakisten
a number of experts concluded that there has besen rmch damage to the soil
due to a high concentration of nitrogenous fertilizers, '[“" 7
An investigation on the rates of adoption of improved practices by the
co-operative members of agricultural co-operative seaiotice in Qomilla
Kotwall Thana./:17:/in May—-June, 1964 shows that the farmers who have fully
adopted the use of fertilizers according to the recomnmendstion of the local
agricultural staff constitute only 8e6 per cente The formers who partially
adopted use of fertilizers constitute 70,7 per cente Only 17 per cent

of tho farmers have adequate knowledge about chemical fertilizatione
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while the responsiveness of the fermers in fertilization is quite
iigh the tempo may be short living. The use of unbzlanced
fertilizer mix leads to eventual reductiocn in yield per acre and
may &lso burn the crop. This may build & resistence among the
farmers to fertilizer as such. In such ceses partiel adoption
instead of being & process towards full adoption, mey &ctually
lead to future rejection of the product or practice. The problem
is not only to arouse interest among the farmers but also to help
them with specific informetion, personal guidance and assistance.
If an adequate extension staff is not available to begin with, it
m&y be better to concentrate on & few items or in a smallier erec
thran to teke up everything at & time or a large &aree and creezte
impasse for the future. Indeed it is due to the critical shortage of
both administrative talents end technical personnel that seriously
affects the efficiency of an strategy based on packege progremme.
The streategy implied may be protracted process but there may not
be any royal rcad to agricultural development.

at this stege of the Pilot Project there is no question of

temporary suspension of the Project. It may be suggested that
the agriculturzl extension activities should be intensified bothmiﬁw
the project areea and elsewhere. But there is & problem,

The planned objective of turning the KTCCi into a
financially self supporting organisation (now subsidized) has
provided it with a motivetion to allocate investment with an eye
to possible realisetion. From the macro economic point of view
there are a number of investments say extension services, which are
highly socially profitable but beczuse the benefits of such
investments ere diffused into the whole economy, they (benefits)
cannot be "internzlized" by a micro-unit (the KTCCA). There are
reasons to feer that in setting priorities between the Tubewell
Project end exteusion services the KTCCi may face an awkward predi-
cament unless the proposed drive for self-sufficiency is put into
abeyance. Does the choice offered to the LTCCi need necessarily

5

oe one of the secoend bests?
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I. Cost of Deep Tubewells,

IT. Cost of Deep Tubewells, with diesel engines

Source:

AFPENDIX TII - B

Pipe (175 ft) e s o o s aecaece
Strainers esens csenve
Electric Pump sseee cescne

Electric connections snd structures

Labour charges cocee coseee
Overhead ceene secase
Reserve for dry holes secsss
3 mile of 4LOO volt line ceecee

Pipe (175 ft.)
Strainer (125 ft)
Diesel motor and pump
Cost of fitting, etc
Labour charges
Overhead

Reserve for dry holes

The Pilot Project / 10, Ch. 7_7,

Rs,
Rs.
Rs,
Rs.
Rs,
Rs,
Rs.
Rs.,

with electric connections

2,800
ly125
3,500

275
2,000
2,500
2,000
3,432

Rs.
Rs.
Rs.
Rs.
Rs,
Rs.
Rs.

2,800
L,125
7,500

500
2,000
2,500

2,000

Rs.21,425
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n this
respect

Concluding Remarks

The conclusions arrived at in this paper are based

on two years of experiences in Comilla area only, For

a pumber of reasons Comilla mey not be a fair representa—
tion of the whole of EBast Fakistan., Average annual
rainfall in the province varies from 40 inches to 120

inches and there is 2lso variations in the time

distribution of rainfall, In the areas where average
arnual rainfall is low supplemental irrigation will not
only open up the possibility of raising winter crops
more extensively but also may play & great part in
raising yields of even wet season crons like aus or
anan paddy. This may be true of the whole of the
westerr part of Zast Pakistan. In the Northerr districts
of Bast Pakistan the farmers grow a number of cash
crops wkichk are irrigated by indigenous methods whereas
in Conilla area the farmers are not generally
experienced in raising cash crops. ¥%ith the inauguration
of irrigation facilities it is, therefore, likely
that tkhe farmers in tke North Bengal areas will Lave
substaptially more gross benefits from irrigation than
tireir counterpartsin Comilla area. The results of
winter irrigation in tke depression area®in Mymensingh
and Sylhet may be more favourable tkan that of Comilla
area,

Qur assumptions about tecknological chkanges in
agriculture may also be proved very conservative,

It may be tkhat as a result of introduction of

irrigation faeilities there will be & rapid improvement
in adoprtion of better product or practices tkroughout
the province., %¥kile our stand/is guite clear, an

optimist may draw his own conclusions,
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