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A L‘L'arrev}ork for Econonics Research on Water
Management in Bangladesh:

Exeautive Summary

The focus cf the cansultancy was to develop a fr.uework
of agro-econcmic research that can ennance the IMP command
area development program in two ways. Research output

" coordinated under BARC can omtribute directly to the nP by
identifying critical areas of technology iprovement, by
helping program leaders to better mdérstand the oconstraints.
to command area improvement, and to suggest what policy
changes can best enhance command area development. The
research program can also contribute indirectly to IMpP by
making inputs to the BARD National Water Management Training
Centre at Bogra. Positive research aimed at understanding
existing water management practices can provide valuabl.: feed-
back to trainers by showing which recommendations are
appropriate for specific local conditians and which require
further adaptation.

The task of the team was not to icentify new’problems
on vhich to develop research programs. There has been much
insightful | problem identification by keen dbservers of the
Bangladesh agricultural econamny. Rather the charge was to con-
ceptualize a coordinated agro-economic research program for
irrig ated agriculture wnlch would expose the fundamental :
causes of the perceived problems. The outpuc of the research
could be expected to assist policy makers in the understanding
and development of policies for achieving the objectives of
government. Tt can not be overemphasized that the canclusions
and output of this report are recommendations for research
progr::mi and methodologies. They are nct policy recammendatione.
The contribution of research is severely debited if hypotheses
a.IE'confused as recommendations.



I. Technclogy Development for Pumpsets and Conveyance Systems

Tne components of pump sets are commonly mismatched and
inappropriate for their present sites. The cbjectives of the
proposed Iesearch On purping equipment are to datermis the most
effic_ient pamp sets for various site characteristics, 1.,
determine priorities in generating new design, and to c.caluate
altermnative policy instruments for promoting appropriate pump
technology.

We propose that pump set efficiency be evaluated acoording
to the criterion of minimum cost of water delivery taking account
of the head,'discharge, and tolerance (to fluctuating water table)
requirerents of altemative sites. This information can be used
by banks in their evaluation of pump loans and by engineers in
determining decign priorities. Camplementary policy needs to le
fashioned to encourage donmestic industry to play an appropriatc
role in pump set supply without wndue protection tnat penalizes
pump users. In the policy section, we propose that altemative
policy strategies for pump tecinology development be evaluated
according to their economic effects and total cost.

(onveyance systems can also be evaluated accordina to the
cust of delivering water to various locations in the ocommand
area. A simplification in the sirstem analysis is proposed whereby
delivery costs can be approximated without reference to the
specific cropping pattern. By describing the relationship
between water loss and recharge, delivery costs can be related
directly to the pumping costs as estimated in the first part of
the study.



. Costs of both purping and conveyance can then be
cambined to get the costs of delivery to various points in «
specified area. The framework proposed is thus capabl:: of
not only evaluating pump sets and conveyance alternati- os
independently but as integrated systems, This facili ates,
for example, explicit analysis of the trade offs between
improved canveyance systems and an increased number of
tubewells,



II. Constraints to Qomand Area Development

There is a widespread belief that installed irrigati
capac,flty is being greatly underutilized, with actual oomman
areas significantly less than mysical po tential, and 1hat
sumStantlal eoconomic gains can be achieved by policies to
mcmase existing comand areas to nearer the physical
potentlal We propose research designed to assess the
dlfferenoe between actual and potential command area, analyz
the Ccnstraunts which cause the gap between actual and
physmally achievable command areas, and estimate the costs
and beneflts of interventions designed to increase the
effectlve command area.

| ’A research design is described which provides an
integfated analysis of (1) agro-climatic and rhysical
constraints, including potential evapotransciration, suil
texture, rainfall distributions, and topography; (2) technice
and operational canstraints, including purp and canal design
and maintenance, water distributicn methods s &d siting of
irrigation systems; (3) ecanamic and agronamic constraints
such as the price of irrigation water and other inputs, crop
water requirenents, Crop yield response to water and other
inputs, crop prices, ind the pattem of delivery of water; an
(4) organization and Tdnagement constraints, including the
cost and effectiveness of organizational mechanisms for
sharing financial oosts, allocating water, maintenance, and
other responsibilities, and enforcing implicit contracts.



The research design includes primary data collection
and analysis, case studies, and development of a computer .
similation model of irrigation systems. Pesearch activities
include classification and mapping of regions by agro-climatic
characteristics; design and inplementation of a sample survey
of systems, and farms within systems, stratified by s.iz--, type,
and organization of system and agro-climatic zone; estimation
of production functions incorporating water and fertilizer for
potentially irrigable crops; deve oprent of case studies of
the impact of organizatians on water delivery and cropping
pattems; and action research on extension of irnovative types

of organizational arrangements,

The simulation model of irrigation systems is described
in eome detail. The model consists of three main caomponents:
(1) a nodel of the irrigation system itself, which generates
the distribution of water to the farm level as a function of the
oconfiguraticn and management of the delivery system, the type
of canal infrastructure, the water management and allocation
system and the agro-climatic environment; (2) a farm level water
balance model which estimates daily water availability and crop
stress at the farm level, based on tho daily distribution of
irrigation water, rainfall, evapctranspiration, and seepage and
percolation; and (3) a farm decision/crop production model,
vhich estimates farm input use and crop production as a function
of water availability, input prices, and other factors.

The simulation model permits estimation of the impact
of the important agro-climatic/physical, technical/operational,
econanic/agronamic, and organization,/management variables on
camand area irrigated, crop yields and production, and farm

incare.



III. An ;Elcological System Approach to Water Resource Developrent

Optimal water resource development requires .n
int:egrated model of all competing and complementary water
usejs.. Failure to recognize these often complex inter-
actions can result in substantial misallocation of resources,
Sec':tion IIT suggests two partial resource use rmodels which
would examine these interactions. The first assesses the
relationship among pumping of gqroundwater, saltwater
int:rusion and surface water diversion for irrigation. In
ﬂ]iéfcase » Water diversion can be evaluated as a sSource of

- groundwater recharge. The secand framework is suggested for
| exarhi.!rlation of the competition between water fcr irrigation

and Water for both fresh and saltwater fish production.



IV. The Role of Covernment: Policy

and other policies encouraged by donor agencies. The nrw thrust
towards privatization may be an Over-simplified counter rea 1 ion

in a target area, Section IT shows how the optimization problem
can be extended to Incorporate the dynamics of water loss and
recovery and the econamics of Cropping systems. Saction IIT
discusses method for inoorporating environmental and other social
Costs which are external to the cropping System. Section 1V
incorporates the mblic sector as a major actor in tha total water
management picture. The principies of managing renewable
resources can, with some extension, provide a basis for integrating
both the.private and social cost corpenents and for genérating



The body of the report is divided into four sectians:

I) Technology Develomment (pp. 3-14).
II) Constraints to Command Area Development  (pp. 15—34]
III) The Role of Government Policy (pp. 35-37) and

IV) An Ecological Systems Approach to Water (pp. 38-45)



" 'A Framework for Vater Management Research
in bangladesh

Introduction

The terms of reference for this consultancy were:

1. Assist BARC in identifying issues, topics, and
nmethodologies for the watoer manaement
camponent of the BARC Contract Research Program.

2. Assist BARC in identifying specific areas for
watex management short term consultancies within
the water.

3. Assist BARC and participating institutes in
articulating priority topics under three general
areas:

a. eoonamic assessment of irrigation alternatives:
cost eiffectiveness, system efficiency, and
project evaluation for predominant agro-
climatic .ind hydrological zcnes;

b. the role of rural institutions in irrigation
system design and water manzgement; and

C. a framework for an integrated irrigation policy.

In addition, IADS requested the team to lock at conditiong
issues, and policies related to (1) ownership and management of
irrigation equipment-and distribution of benefits from irriqatic
and (2) irrigation water distribution systems for SIW's, DIW's
and ILP's,



The Consultancy:

The focus of the consultancy was to develop a framework of
research that can enhance the IMP commnd area developmrent progrim
in two ways. Pesearch outpu: coordinated under BART can cor.Lribute
directly to the IMP by identifying critical areas of techno! ogy
improvement, by helping program leaders to better uncerstand the
constraints to comrand area improvement, and to suggest what policy
cianges can best enhance command area development., The research
program can also cantribute indirectly to I'®P by making inputs to
the BARD Naticnal Water Management Training Centre at Bogra.
Positive ressarch aimed at understanding existing water management
practices can provide valuable feedback to trainers by showing
which recommendations are appropriate for specific local conditions
and which require further adaptatiocn.

It is well recognized, and important to remevber that any
plan, set of policiesmgxﬂnd research agenda must be under constant
review and reformilation as new information becomes available.

Only in this way can the objectives of governnent b2 achieved. The
Ministry of Agriculture has ‘recognized this in its Master Planning
Organization. The project documents clearly state that the planning
effort should be a continucus process that is responsive' to
development progress and short comings, increased knowledge of
resources and wnderstanding of problems, changing econamic and

financial conditions and changing objectives and priorities.

All of the research suggestions outlined in this report can
come under the bread umbrella of socio—economic research in
irrigation recommended by the econamic sub-committee of the
Priorities for Research in Trrig ation and Water Management Workshop
held by BARC in Octcber of 1983.



1. 'Dechnology development: Punpsets and Conveyance Systems

Introduction

The team believes there is rather anclusive evide::ce
which suggests that farmers are economic optimizers , bot:.
individually and collectively. Therefore, irrigated
agricultural development is typically driven in the direction
of ééonomic opportunism as conceived by the farmers from
their perspective. With years of experience, they already
knovjv'the value of good soil, water, seed and fertility and
are!sensitiwa to the market realities and their own financial
oon%traints. Adding modern pumping plants significantly
alters their productive environment but perhaps not to the
extent envisioned by the planners.

Along with increasing hydro-agricultural potential,
irrigation also increases: the complexity of the requin:d
infrastructures, the needed amount of labor and financial
backing; the need for new knowiedge and technijues; and
perhaps nost' difficult of all, the essential amount and
intensity oé interaction needed between farmers vho are some-
what accidenitlv thrown together into essential relationships
which are dictated by the physical aydraulic realities of-
their irrigation system. Standard benefit/cost analy-is does
not take into account the fringe or hidden costs of the above
realities; furthemmore, neither does the analysis consider
the real probabilities of realizing anticipated benefits.



To design effective interventions for improving irrigatec
agricultural performance, we must first umderstand how well the
syster;n 1s now working in terms of the real economic incentives as
viewe&i from the farmers individual and collective perspective.
This ﬁmderstanding must consider all of the hidden costs and
constra_mts o production as indicated, earlier as well as the
nore cfabvious Gnes normally considered, We then must design
rational cost effective interventions which hopefully will
reduce these hidden cos:s. These iuterventions rust then be
txeatéd through action ~essarch,

-
|
|

Action ﬁesearg
N
| Ct‘a.reﬁllly Planned action research to test the comparat ive

performance of various interventions desigred to improve

irrigated agricultural performance would be appropriate in
several areas at this time, The interventions tested can be
ones which are already actively underway, such as the IMP ¢+ CARE,
and MAWIS programs, or new interventicns, such as the yet to be
implemented 40 experimental DIW distribution systems in the
WB/DIW II project. The most opportune action research areas
include:

l. Economic optimization of pump-engine selection,
maintenance, and rehabilitation needs for
meeting annual irrigation requirements taking
into account annual and perinnial water level
fluctuations in the various important agro—
climatic and physical environments. Consider-~tion
should also be given to the critical need for deep
pumping during extended drought periods when the
marginal value of water is the highest.



2. Micro-economic constraints to expanding purped
irrigation command areas and an analysis of
optimum ecanamic command area sizes for
various purping plants cansidering: topography,
sdils, climate. cropping pattems, socio—-
egonumic circumstances, land fragmentation ;
management modes, infrastructural support, and
credit availability.

3. Econamics of various technological and managerial
interventions designed to more fully realize the
potential-command-areas of pumped irrigation
systems.

1

Pumping Planﬁ ‘Optimization

The fcireic_m exchange and local costs associated with pumped
irrigation is &apendent upon beoth invested capital and operating
costs. Thus it is not prudent to operate low efficiency locally
rmanufactured equipment with high priced imported fuel. This
should not rule cut local manufacture, but it deoes imply that
amle assistance and quality cantrol regulation should ke provided
to cbtain high standards of equipment.

Fortimately pumping lifts in Bangladesh are relatively low,
thus, high efficiency operation - is not so critical. Tre initial
efficiency of the pumping plant is dependent on: the éfficiency
of the engine; on the efficiency of the pump operating at the
actual lift encountered; and the relative match between the
engine and pump., The same to{:al life cycle cost can be achieved
over a relatively wide range of optims including low first o st
(inefficient)_ punping plants requiring hich operating costs and
high first cost (efficient) plants which have lower operating
(foel and maintenc:.ce) costs. '



b.

Typical purp lifts of both surface and grouidater vary
from 2 m to 4 or 5 m throughout the year. Furthermore, at more
and more locations, the groundwater reservoir is being slowly
depleted, especially during long droughts; in other words,
annual recharge is insufficient to replenish withdrawals.
Therefore, the pumping lift varies throughout the year and in
some cases between years. In addition, crop irrigation
requirenents vary throuchout the year depending an the cr pping
sequence, weather conditions, and the performance of the

irrigation canveyence and application system.

A final variable relative to punping plant optimization i:
the change in mechanical efficiency of the pump set with time. A
both the engine and pumps become older, their respec:ive and
carbined performance useually deteriorates. The relative rate o:
deterioration of the engines depends on the quality of: installat
fuels and Jubricants, routine service, repairs, and spare parts.
‘The rate of deterioration of the pumps is mostly depandent on the
quality of installaticn and the water pumped. Score attention m
be given to ].ubricét-:‘i_ojnl and repair but this is relatively minor.
More importantly, impellers are ercded by sand in thz water and
cavitation. The amount of sand is dependent on the aquifer
conditions, the well screen and well installation. <Javitation
occurs when the suction lift exceeds specific linits for the
pap  (usually 6 to 8 m for centrifugal pumps) while the pump is
operating. Quite naturally, erosiaon of the impeller alters the
purp performance proportionately. Since the pumping plant
- characteristics and 1lift charge over time, rehabilitation is
eventually required.

Careful analysis is required to determine:

1. the optimum initial system design options for the
various canditions through the country,

2., the relative merits of various management and
maintenance programs,

3. the nptimum schedule for rehabilating existing and
yet to be installed pun, ing plants.



A cansiderable variety of paps are. manufactured localJ V.
Furthermore, some engines and motors are partially manufactured
locally. First priority should be given to evaluating the
SUJ.tabl_llty of these locaily manufactured products alaig with
likely candidates for expanding the list. Assistance :hould pe
considered to help manufactures make improvements in ti.c quality
of castings and impeller designs to improve pump performance.

Output.  Field studies should be carried out to determine
the actual performance of existing pumping plants under different
operati_ng obnglitions and managenent schemes. Thus, based on life-
cycl e-—oostlng (both in tems of local and foreign exchange
criteria) a set of engine (motor) pump conmbinations should be
selected which meet the various punping demands famnd throughout
Bangladesh. Thls set of engine (motor) pump cambinaticns shoild

_;coount for the total lift,variation in lift and irrigation
quu_l_rements throughout the year, «.d.th~ f‘afprloratlou of the
purp set with time. The outcome of the research will be a menu

- of engine (motor) - pump combinations that minimize costs under
altemative environmental configurations. The information can
be surmarized by graphing regicns of daminance using discharge
(cusecs} and head (feed) on the axes. A table can then be
prepared showing the user oosts for the pump sets in each region

of dom.mance.

By summarizing user-cost information in this manner , gaps
in technical design will be readily revealed and priorities foi:
new designs can be established, Oxtinuity of the pump-set
spéctrum and harmoney with the repair and rehabilitaticn
abjective can be similtaneously assessed. This will also
facilitate Policy evaluation for pramoting the appropriate role
for the damestic pump industry.



- Een aside from policy formilation to encourage appropriate
patterns of investment in the future, there is a critical need to
develop : maintenance, service and repair and rehabilitation
program Or the capital stock of pumping equiptent already 'n use.
Life cycle costing analysis can also be applied in this'cas- to
evaluate repair and replacement options. In view of the lurge
number cI pup sets which have recently been put into service
and the Zack of spare parts and repair service available ,
develomr=nt of a repair and maintenance strategy is urgently
needed. umped irrigation throuchout the country may be suddenly
jepordizzd by what m.Lght be called a "time bomb explosion of
repair r:eds" relentlessly -ticking away!



Alternative | DlStrJ.bUthTl Systems

Unquesticnably water losses along the distribution systems
from DIW's, LLE's and STW's limit the potential command areas.
It is well documented that losses from the main canals are v 1y
large-often exceeding 50% of the water pumped when deliverin. to
the fields at the extremities of the commanded areas. Much of the
loss is leakage through various holes in the canal banks (such as
rat holes) rather than seepage through the soil. Vvhen the canals
nun through irrigated rice paddies, most of the water lost fram
the canal is part of the irrigation supply to adjacent fields.
while stopping these losses may appear to benefit users at the
extremities of the system, it would not necessarily improve or
increase the irrigation capacity of a wnit of water pumped for
paddy irrigatim. However, this is not the case when irrigating
upland crops.

Canal Imorovaments

of course all farners would like scame external agency to
improve their water delivery system. The ideal distribution
systems being a plped main distribution system which would have
minimum sespago ﬁosses; present no cbstacle to cross, raquire
minimm maintenance, and minimize ioss of land for the conveyence
systems. The nexc choice might be a low maintenance lined canal
with functimal diversion boxes and outlets. With limited losses
all users would xfteceive almost equal access to water no matter
how far their piots were from the pump set. It is as though
all land paroels in the command area were adjacent to the punp.
Losses and main q:anal maintenance are the same for all. Thus,
constructing a ptlr.ca distribution system should logically result
in reducing required outside managenentf infauts and expanding

the irrigation capacity from a gjiven water source.
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The question is , Will it pay to improve the distribution
-system and who is responsible for financing and maintaining it?
It is usually oconsidered unrealistic to expect the fammers to
pay for tj'le' improvement but they are typically expecte! to
maintain it. Therefore, no external provision is made tor
maintenance. But naturally the farmers acting as indi-iduals
~don't respond and unless there is same (usually external)
discipline imposed to assure collective action , canal (or
pipeline) maintenance is not done. (Pipelines maintenance may
induce more collective action because a major break at least
affects all downstream users equally !} With the above in mind,
if canal improvement is wndertaken as a public enterprise, then

some rational mechanism for maintenance must also be imposed
(set up).

Benefit/cost 'factbrs thder the geological conditions in
Bangladesh whe.re “he canal seepage returns to the sam: aquifer
for almost 1mmed1at= reuse, the benefits of conveyance system
improvements can be measured, for the most part, in terms of the
effect on the ﬁverall cost of delivering water. In other words,
the productive value of the water is not important in the
decision pmceés, given that exis’g:ing systems are already in use
and cansidered 'profitable by the users (even though highly
subsidized).

As for t*T!he cost analysis, co decision processes are in
order: (1) the operational and ownership cost as viewed by the
farmers (in which the pumping plants and certain other inputs to
the system are 3highly subsidized) ; and (2) the real toral cost
which include the full cost of all hard and software mputs both
" by the public agencies and the farmerTs themselves.

i



The benefits derived fror improving a wnit length of
conveyence system depend upon: 1) the difference in the rate of
water loss before and after the improvement; 2) the length of
time each wnit length of the system is expected to the conveying
water; and 3) the annval cost of punping each unit of wate; |

The loss in a traditianal channel is a function of tue
size and shape of the channel and the type of soil and
" topography it traverses. Throuch field investigations on existing
systams, it should be possible to categorieze losses for different
sites in the important irrigated areas. Sufficient resecarch nay
'already be available to categorize losses fram potential improved
conveyence systems; however, further applied and action research

may be needed.

~The length of time a given secticn of the conveyence svstem
will be in operation depends an: 1) the system layout and the
positian of the section in the layout; 2) the climatic conditicns;

and 3) the cropping pattem.

The benefit (cost savings) afforded by the lining is
dependent on the reduced amount (volure) of water to be pumped
This is equal tc the difference in the less rate times the lencth
of time the section is expected to be carrying water. The cost
savings per unit volume of water saved is dependent an: the
puping 1ift, efficiency, and operating time throughout the year;
putping plant capital and maintenance costs; and fuel costs
and engine (motor) efficiency.

Estimating the cost per wnit length of improved ccnwyence
system is a rather straight forward process. In the case of
open channels, it is the cost per unit length of providing
the improved section capilized cver its life plus the cost of
the requircd maintenance, In adidition , for pipelines, the cost
of supplying the required pressure (addition lift) to overcome
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pipe function losses nust be added. Since pipe friction
loss is a function of pipe diameter and flow rate, an
Nop-timization procedure is need to minimize the sum of
Operational and fixed costs in selecting pipe diameters,

Output. Based on the above ¢ @ COonveyance improvem.t
decision program (computer model) can be developed for guiding
decision making. The output of the program can be put into
tabular form for convenient field use. Tables can be develored
for different climatic and hydrologic regions, soil tyres,
cropping (rice and/or upland) programs, fuel sources (diesel or
electric), types of Systems, and types of canal linings and pire.

Pipelines have unique place in affording a neans for
expanding potential command areas of DIW's and ILP's by prviding
a means to conveniently canvey water to higher ground. For
E exanple, rrllany DIW's are sited at relatively low points wicre “he
installation of a few hundred meters of pipe will allow the well
to serve ‘2 much larger botential command area, Obviously LLP's
are 10cat¢d at low pcints because that's where the surface water
is~ so heréi again pipe can be very useful,

A po.Lnt te remember is that improving the efficiency of
the main distribution System by adding same improved canal
sections is not an "all or nothing" proposition. Only the
critical areas such as those sections which convey water nost of
the time the Pum is operating, or channels throuch high se-2page
areas may warrant improvement, Furthemmore, under rany conditicon
simple O:Inp:action of existing channel sections (which can be done
by the farrqers themselves as part of a maintenance program)

affords the most cost effective rrefar]s for conserving water.
|
| .


http:improveinx.it
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Irrigation of Industrial and Parennial Cmp;s

The record of successful industrial and permnial crop
production around the world clearly shows pattern of hean -
investment in research in Yield increasing and cost reduc ing
technology. Trrigation has been shown to be an important
and critical element of that technology in many locatiens.
Such adaptive research is location specific and must be
carried ocut within Bangladesh.

It is prabably a mistake to assume that the new .
"irrigation technologies have no place in a developing agricultu
mqaw Cost reducing technologies are lowering the cost of
plastic pPipes and hardware is being ‘developed and can be selects
which will fimction in adverse situations. It is very pridictal
that irrigation will be utilized by campeting producers of expol
commodities if it will lower the average unit costs of pr-xductic
Vhen the econamic circumstances are appropriate irrigaticn is
likely a necessary condition for maintaining a position in today

conpetative export markets,

ij ective_

To J.nvestlgate the benefit from mcrec.smg the procducticn
of mdustrlal and pamnial crops with the new irrigation
techniques.

The net-economic benefits to the irrigation of at least
tea, jute', and sugarcane within agro-climatic regions of the
country, could be investigated. Such systems as drip, and
surge might be considered.
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The experimenta} design should recognize topagrapnical
variation and the Source of irrigation water available.

Methodology
e =

A centerpivot and or lined source irrigation System may
be used at an experiment  station to develop a responsive
surface for water ang fertilizer, The water treatment variaticn
Is obtained by varying sprinkler heads dcross the pivot arm ang
the fertilizer trials and crops variety dimension are
incorporated within the irrigated circle by water treatment,

and variety under various fertilizer schedules, the cost bennfit
ratios under altemative System desicns can be calculated,
-These budgets can be subjected to sensitivity analysis to
identify critica] variables in the- investment decision under
various technology Sanarious,



II.
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Constraints to Command Area Development

Perhaps the most prominent issue in irrigation and wat:
management policy in Bangladesh is how to achieve the paysica
optimal camand area for each type of irrigation system (low
lift pump, deep tubewell, shallow tubewell, and diversi. n dam,
gravity systems). Estimates of achievable comand area vary
widely. The World Bank has estima-ed potential command areas
of 30 to 50 acres per cusec of installed capacity, while other
estimates are as high as 40 to 83 acres per cusec. Actual
command areas achieved are also highly variable, and CStlI'kerb
of actual average command areas range fram 20 to 30 acres per
thatever the actual figures, thére 1s a widespread perception
that_ installed capacity is being grossly underutilized and
that substantial economic gains can be achieved by increasjné
existing command areas toward the physical maximm. Here vo
suggest research designed to assess the constraints to oomiand

-area dewvelopment in Bangladesh. The objectives of the :ecseard

can be divided into three sections.

1. Estimation of the physically achievable and
actually achieved command area for
2 ternatlve types of irrigation systems and
(‘_1(\“"\3_1\1 svetoms ir (71‘—~-\»—~y-4: aa nf\—c1]_v-ﬂ—*'~
zanes and estimation of the dlrterenea
between actual and pysically achievable
colnmand areas,

¥

2. Analysis of the constraints which cause the
divergence of gep between actual command
areas and physically achievable command areas.

3. Analysis of the impact and cost effectivenes:
of interventions designed to increase the
effective conmand area. :
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The determination of both physically obtainable and
actual command areas is a function of the complex interaction
of a nurber of factors, which can be divided into at least
four areas, agro-climatic and physical, technical and

operational, economic and agronomic, and organization ...d

management .

Ve propose to assess the following constr.ints

on command area cdovelcoogment in order to estimate the rulak ive

importance of each in determining the gap between actual and

potential command area for each type of system,

1.

Agro-climatic and physical constraints

It is generally recognized that the potential
command area of irrigation systems veries acomd_ng
to the agro-climatic and thysical environment of the
system. A largye body of work has been completed
which quanl:lﬂus the important agro- climatic factors
by region, including potential ev.:-apotlarmspnaLw iy
soil texture and seepage and percolation rate
rainfall dlstrlbutlons, river discharge, pa! me of
remdua] moisture retention, and topography. ‘i
propose to build upon this substantlal foundation of
work to develop a generalizable classification of
relevant enviranments to assess the impact of these
-environments on potential and actual command area.

‘fechnical and operational constraints

Many technical and operational constraints

command area development are cited in the
lﬂteratun-_ an irrigation and water management in
Bangladesh including shortfalls in actual puro
discharge due to difficulties in design and
installation of pumps; problems in design and
maintenance in canals and turncuts; methods of
pumping and distribution of water within the
canal system; the siting of systems such that there
is overlapping of comrand areas and insuffi.:ient
area commanded; and the appropriateness of
different environmental conditions. These technical
and operational constraints on command area
develogment ar» discussed in detail in Section I
of this report.
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Economic and agronomic constraints

The role of economic and agronomic constraints and fa, i
Cacision making on water usz has received relatively little
attention.  Omoration of pumps is oostly, and farmers pay
for operation throuch either flat rate charces per un:t of 1=
or through direct gayment of coerations and maintenano costs,
The benefits to the farmer frem irrigation are the mar iinal
orofits achicved from incrased yield from use of the strigati
water. If these benefits are less than the cos: of the farmer
o using the irrigation water the farmer will choose not to
irrigate his crops.

The cost of irrication water tends to increase, the
further the famer is from the source, cue to conveyanece lossa:
and additional effort on the part by the farmers to maintain
the larger system of channels. In addition, the expected
benefits to farrers may cecline as the distance from the sourc
increases due to increasad variability in the delivery of wats)
as the distance increases. Thus, with costs of water tending t
increase and benefits dzcline with the distance from the sou:rc
a point may be reached in the System where farmaers choose nokt ¢
irrigate, despite the physical potential, because it is
unprofiteble to irrigate. '

The marginal net benefits of irrigaion water to the fa—
are a function of many things, including the agro-climatic
environment described above and economic and agronomic factors,
such as the yield respronse of the different crops to water and
other inputs, the price of irrication water and other inputs, t
price of altemative crops, added labor and managemrent requires
and the pattem of delivery of water. We propuse to atterpt +h
sort out these complex interactions using the methodology
described belaw, :

Organization and management constraints

There' are numerous accounts of organizational failures
in Banglacdesh water manacommt., Usually thess focus on the
inability of the farmers to make the system work according to i
enginecering design. This biases the whole perception of
organizations and renders the rosearch of dubious scientific va
A methedology is needed which is capable of evaluating the
efficiency and equity of organizational performancz relative to
optimal performmance for the mzrrberﬁ of the community, not
relative to an artificial ileal.
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A related problem is that research tco often focuses
an oooperatives or quasi-formal organizations.
Corplementary research is needed that focuses on the
functions of collective acticn. In water management, it
may not be necessary to have a forrmal organization with
officers, elections and the other of government but
rather a collective contract wih specification of ihe
necessary rights, abligations, and sanctions.

The specific research objectives relative to
organization and management constraints are:

a) To compare the efficiency of water management
organizations in altemative envircnments.

b) To corpare actual performance with . stimated
optimal (not designed) performance.

c) To assess the extent of monopoly rents of
"waterlords."

d) To docurent relatively successful institutional

arrangements for’ assessing and enforcing water
use charges and other obligations,

System interventicns for command area developrent

Follewing estimation of the gap between actual and potential
command area and aﬂalysis of the relative importance of the
various c.:nstraintis cn comrmand area development, we will evaluate
the possible interventimms into the systems which may increase the
cormand area. Amang the interventions which will b¢ assessed are
the following: |

1) Improvement and extension of organization and
management of systems,

2) Improved canal maintenance.

3) Inprovement of canal systems through altemative
types of linings, ‘

4) Use of various quanti:ies of pipas in place of
canals for conveyance of water.



5) Altemative water pricing policies.
6) Alternative crop and input pricing policies.

7) Modification of water distributicn rules,
including rotational and demand hased
distribution.

8) Modification of pumping operation.

Research Cesian

i

In order to carry out this research, we propose a cozrbination
of primary|data collection and analysis, case studies, and simulation
mdeling of irrigation systems. The first two activitios will
provide inc’!ependently useful results as well as providing required '
inputs for the modeling analysis.. The following activities will be
included:

1) Delineation of potential arable area into agro-
climatic zones, stratified by rainfall pattem,
soil texture, poteatial evapotranspiration,
slope, and elevation. Mapping and estimation
of number of acres of arable land within each
.strata, -

2) Design, inmplementation, and analysis of a samgle
survey of irrigation systems, stratified by size,
type, and organization of the systems and agro—
climatic zone. Types of systems to be covered
include diversion gravity systems, low lift punps,
manually operated tutawells, shallow tubewells
and deep tubewells. T[ata to be collected include
actual discharge at the source, hours of operation
and maintenance costs, canal length and desicn
paraneters, arra planted and harvested by crop,
farmer input use and vields, water charges, and
soil texture within the command area. Each system
in the sanple should bz visited at least three
times to collect data for each crop season (or
potential crop season). Analysis of the data will
include assessmeont of :elative economic efficiency
of the different tyres of systems in different
agro-climatic zones and assessment of the
umportance of the other factors described above
in detemnining effoctive owmand arsa.

LY
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Estimation of productioar finctians which incorporate
water and fertilizer for the major potentially
irrigated crops, including rice, wheat and mustard.
Production finctions can utilize either the rel:.Live
evapotranspiration approach or water stress ind x
approacies, but will probably be constrained by
availability of existing data, licwever, if a 2 ¢
year researcn program is feasible a corbination of
experiments and field surveys could be designed to
develop more systematic data on the water/crop yield
relationship,

Collection of available time series of daily rainfall
and estimation of pctential evapotranspiration b,
agro-climatic zones (or collection of data where
these estimates are available),

Estimation of the private economic returns to farmers
for different crops i1 the identified agro-climatic
zones uncer rainfed and irrigated conditions using
the irrigation and farmer Survey above together with
other available data. Estimaticn of the social costs
and darestic resource cost of production of the
different crops taking account of' exvlicit and implicit
subsidies and shadow prices of inputs.

Docurentation of stylized history of water delivery and
cropping pattems. For this purpose it is not
necessary to measure actual water flow but to develop
proxies to distinguish major discrepancies (in e.q.
head vs. tail timing and delivery) from relatively
minor cnes. FExplain the chserved rattems with
reference to technical variables (e.g. pump capacity
and reliability, conveyince losses), and organizaticnal
constraints., This requires assessing the rzlative
agency costs of available instituticnal arrangerments,
Mechanisms will be compared for sharing the financial
oosts, allocating maintenance and other responsibilities,
and enforcing the implicit contracts. Our hypothesis
is that where equal sharing rules are close to cptimal
sharing, then the organization remains viable.

Where an equitable distribution of costs according to
benefits implies umequal sharing, the agency (transaction)
costs Inhibil organizat mnal viability. These
organizations are chara: “erized by higher conflict, lower
corpliance and sraller command arcas.
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8)

9)
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The conventicnal assertion that tubewell owners
charge monopoly rents appears to be at odds with
the difficulty of collecting user fess from all
farmers in the command area, the case of water
theft and the various alteraative cropping
patterms. Fragmencation and the possibility of
other water sources also mitigate against
monocoly rents. A study is needed that actuall Y
calibrates return to tubswell investment in
excess of the costs of enforcaumont and the
opportunity cost of cupital. The hypothesis is
that these returns are higher, the lower are
substitution possibilities and the higher arz
barriers of entry to other scurces of water
supply.

By understanding the relationship of successful
institutions for water managerent, one can batter
tailor reconmended organizaticnal forms to the
underlying ghysical, environrental, and econamic
conditions. Tnnovative group contracts, especially
these allowing unequal costs sharing in accordance
with urequal benefits, may be tried in acticn
research programs cn organizatiocnal extension.
These can be campared to technical opticns for
enhancing the physical reliability of water systems
so as to render conventional sharing arrangements
more| appropriate.

LI

o
An integrated approach to modelling of irrigation

'systems. The set of research activities described

in points (1-8) will provide independently valu ble
research results. However, to integrate the various
thrusts of the research, a framework is needed which
can systematically assess the impact of the conplex
set of agrc-climatic/vhysical, technical /operaticnal,
economic/agronomic, and organization/management
constraints on determination of command area, yields,
and income in the different types of irrigation
systenms,

It woufﬁd be very difficult to derive generalizable
onclusions about the relative impact of the various
canstraints on command area development from the set
of surveys and case studies alone. The usual

- difficulties in generalizing|from case studizs are

campounded in the casa of irrigation.  The complexity
of both cross-secticn i1 variation and variation over
time in the crop/wate - environment make it vary
difficult to analyze :he Lyortant variables
described above. We therefore propose develogment and
applicaticn of a simulation model of irrigation
systems to assess the constraints on command area
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A Simulation todel of Irrigaticzn stt@ns

In the remainder of this section we describe the analytical
structure of the simulation model of irrigation systems. T.a
analytical franmswork incorporates three main conponents lin: ing

the irrigation syvstem to [inal farm procucticn:

1) A model of the irrigation system which permits
estimation of the daily distributicn of water
during each scason to farns (or blocks of farms)
at different locaticms in the cvstom as a
function of the configuration and ranagerrent of
the delivery system at the source, tyme of canal
infragtnjctum and celivery system specified by
design paramcters, the water managerent/
allocation system, and the agro—-climatic environment
specified by rainfall distribution, soil type and
evapctranspiration rate, ’

2) A farm level water balance model whidh estimates
daily water availability and crop stress for the
farms at each location in the system, based on the
daily distribution of irrigation water, rainfall,
evapotranspiration and seepage and percolation,

3) Production fuhcticns for the relevant crops (rice '
wheat, mustard, and any other specified) which
incorporate the Crop stress index, permitting
" estimation of yields as a functiorn of water
availability and other inputs for each famm.
|
Simulation of a number of seasms for any type of irrigation
system using the model provides estimates of the mean and variability
of seasonal command area harvested ¢+ CXOp yield, production, and farm
incore., By systematically varying the canal design parameters, water
management methods at the source and in the canal and farms, cropping
pattems, price of water, other inputs and Crops organizatimal
efficiency, and agro-climatic. parameters within the model, it is
possible to assess the impact of each of these on water distribution,

czTend area, yields, and incone.
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Iirigation system model. The irrigation system model in

turn has three primary sub-camponents » water discharge at the
source; ocomputation of flows and water lcsses through the canal
system; and distribution of water among main, secondary, tertiary
and farm tumouts Figure 1 gives a simple schematic of the
medel of the irrigation system. The actual layout depend: on

specificaticn of system parameters.

Discharce at the source. Treatment of the discharge at

the source varies depanding an the type of system. Relesse of
water at the diversicn darms is treated as a functim of stream—
flow and the idischarge capacity of tie dam,

For pump systems, nore conplex rules are specified. Punp
discharce rules can be specified based on marginal productivity/
marginal cost principles, and on altermatives ; Such as crop water
requirerents, fixed rates of punping per wnit of area, or other

rules to be tested.

Canal discharge and losses. ‘e model considers three

sources of loss from fanals Seepage and parcolation, evaporation,

and spillage , and oermlts additions to water flows from rainfall.
Seepage and percolation losses from each section of caral (i.e.,
between B, and BZ in figure 1) are computed as a functlon of

wetted perimeter of the canal,
|

In order to compute the wetted perimster, Manning's equation
is used to characterize daily flows through the canal. This
equation (see Table 1) permits computation of depth of water and
wetted perimeter in the canal section based cn initial discharge
‘in the 'secticn , the bottom width of the canal , side slope, hydraulic
“gradient, and roughness coefficient. These paramcters are specified
separately for each section of canal. The computed wetted
perimater is then multiplied by the rate of seepage and percolation
Per wnit of wetted perimeter to get actual seepage and percolation
loss. The loss rate is determined Dy soil type in unlined canals or
by type of lining in lined canals.
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Evaporation losses are computed similarly to seepage and
percolation, gsing Manning's equation to compute suriace area

of the water in each section. Evaporaticn per unit area 1is

determinced by regional location of the system.

Rainfall additicns to the flow are conputed based daily
rainfall and the surface area of the water. Spillage is computed
as a function of the depth of water above full supply depth, with

all water above frecboard lost.
Following carputation of these losses, computation of daily
discharge at the end of a canal section is str aight forward; with

the discha};qe at the Bz, for exarnple conputed as

/
. = 4 — — ¥ -
c'BZt QBlt Rt Spt E'Vt St

there By QBlt = glisd?arge at B, and Bl’ rc spectively
P . in time t
k R. = rainfall
i\SPt = seepage and percolation
| \EVt = evaporation
i:l;st = gpillage

Water distfibution. The model permits separate specification
of water distribution rules at turmnouts at each level of the system
(i.e. Al' Bj’ Ck in figure 1). Each tumout is specified by size
(for exanple, diameter of a circular orifice tumout) and head at
full supply depth. This specification permits computation of
discharge through the tumout at any depth of water in the canal
serving the tumout. Discharge in the canal, together with the

water distribution rule determines the depth of water.



Three distribution rules have been svecified thus far, The
first is simultaneous irrigation without checking, in which water
is permitted to flow continuously through the Svstem. Seoond is
similtaneous irrigation with checking. With this rule, d..cking
of water at tumouts to raise the water level is bequn whin the
depth of water in the canal falls telow is spocified prop :ticn of
full supply depth. The third rule is rotational irrigation, where
available water is rotated among different sections of the canal

network at scheduled periods during the crop season.

Each rule can be mplemented throughout all levels of the
system or coabinations of rules can he designated. For example,
simultaneous distribution could be utilized at turnouts to secondary
and tertiary canals, with rotaticnal ’ifrigation anong turnouts to

farms along a single tertiary canal.

Farm level water balance mdal. The water balance rodal

converts discharge to the farm as sirulated by the irrigat ion system
mdel to depth of flooding over the size of the block of farms, and
utilizes this as one input to the water balance in the field. The
daily water balance is then used to compute the number of days of
moisture stress in the paddy. The water balance is defined as

WD, - Wy * IR + R - SB - ET_ - DR,

water depth, time t

]

Where WDt

e

irrigation water applied

rainfall

o+
i

n
o
|

= seepage and percolation

= evapotranspirat ion

E
&
!

drainage

l»]
R
1
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Irrigation is determined by the distribution of water throu
the system as described above. Rainfall is generated from long te
time series from rainfall stations in the different agro-climatic
20nes so that different types of rainfall distributions ¢ be
simlated (see parts 1 and 4 in Tescarch Dusign). Draina. » occurs
when the water depth is greater than the bund or spillway height
the paddy.

Zoenage and percolation. Seepage and peroolation of water

is prirarily a function of soil texture, Three soil textures, lig
medium, and heavy, czn be de signated, cepending on percentage clav
content. ! Each soil type detemines a seepage and péroolation indox
and volume of water in the soil at field capacity, wilt point, and
saturation point, Actual daily scepage and percolation is then a
finction of the actual water de ;Jth relative to these factors ang
accrmlated scepage and percolation. Table 2 presents the set of
equations describing conputation of scepage and percolaticn. The
eguations indicate that at the start of the Season, when toepagz an
percolation has not accurmilated, daily SP is high. As water is
apolied, the index and daily loss decline (Eq. 1). Actual seepage
is also a functlon of amount of water in the soil, decreasing
relatlve to the J.nOE‘.X as the amount of water in and cn the soil
dccmases (Egs. 2 and 3) and reaching zero as water volume reaches
the wilt point,

Evapotranspiration. Potential daily evapotranspiration for

any given location in Bangladesh will be based on oomputations using
the Penman method for as many weather stations and agro-cl 1rr.at-_1c
zanes as is feasible., Maxirum evapotranspiration is then computed
as potential evapotranspiraticn times the crop efficient, which
varies by stage of growth for each crop. Finally, actual
evepotranspiration is computed s a function of maximum transpiratio
ad the volume of water in the soil. Actual daily evagotranspirztic

&ecline as soil noisture content declines below saturation.



Production mode] determines 1ang Preparation stap+ and dur it jop ’
date to transplanting, Mo1sture stragg days during the rel..want
growth stagas, input use and crep Production for each farm: block,

Land greoaration/transolanting. The model determinesg the

date of beginning of lang Precaration baseg on s0il moistyre stai;r_i
Lang Preparation seare and duratjon rules will he based on
existing farm rethods in mlationship to soil Moisture Status,

The proxy variable ysag for rice Production in the model can
be stresg da'y.ls Or crop relative €vapotranspiration indices, The
Mmoisture stieés index ig Omputed in the nodel based an the daily
water balance in the field,

ideally include both Managed irputg such as nitrogen, phosphoroi s

and insecticide, and Agro-clizatjc variables such as solar radi.tiop
{

and sojil textiure (see part 3 Of Research Design), Operation of the
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together with seepage and percolation, evapotranspiration , rainfa
and drainage, the daily depth of water in the paddy; the daily
water depth determines date of land preparation and transplanting
crop growth stages, and water alequacy as measured by stress day:;
and the number of stress days determines the crop yield in
conbination with the managed inputs and other agro—climatic
variables in the production function.

Sumary of model inmut and output. The conbined irrigaticr

system/water balance/farm decision/crop producticn model can be |
briefly sumirized in terms of its input and output. Input is
broadly d{?fined to include the parameters and behavioral rules whi
can be specified and varied within the model to assess their impac
uvron model outputs. At the system level these include storage and
or discharge capacity and water allocation rules at the source; !i
requirements, if any; discharge capacity, bottom width, side slore
hydraulic gradient, and roughness coefficient by canal section at
all levels; size and head of turnouts and water allocation and rul
at the tumocuts; soil texture in canals; potential evaporal.ion; an
time series of streamflow, reservoir inflow, and rainfall. At the
water oalanc.m/crcp preductien level, input includes crop and input
prices; dEClSlon rules for choosing crop plantings, purchased inpu
use, and water use; rainfall; potential evapotranspiration and
seepage and peroolgtion.

The output of the model is a set of performance measures,
including conveyance efficiency of the canal system by section ar:l
water use demand and efficiency at the farm, by farm location and
crop stage. Final performance reasures include total command area
irrigated per crop season and Crop year; area planted to rice and
other crops per season and year; cropping intensity; input use per
hectare, per crop, by Farm location; vield and income per hectare,
per crop, by farm location; and “otal Ccrop producticn ¢nd income

2L crep year for the irrigation system as a whole.
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Figure 1. Schemalic Layout Of A Scction Of An
‘ Trrigation System
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Manhing's equation for computation of depth ¢

Table 1,
water for any discharge level.
Q =1/n Z’\.Rz/BH!s

Where' - Q = discharge; cubic meters per second (cm/s)

n = roughness coefficient

- ﬁ = cross sectional area of flowing water, m
F = hydraulic radius (A divided by wetted perim
H = hydraulic gradient
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Table 2. Compucntién of daily secpdge and percolation.
(1) SP = 10 (SPX + 1.0} - S5P/2.0, bound by SP > SPX
(2) SPA = 5P + 2,0 SPA (W/50.0) for WV > SAT
(3) SPA = SP (W - WILT) / (SAT - -l.’TI.'l') for UILT < WV < SAT
(4) srx = 0.0 for WILT > 15N
where SPX = 1Inital secpage and percolation index
SP = Modified seepage and percolation index
SSP = Accurulated seepage and percolation
SPA = Actual daily seepngc and percolation
WD = UWater depth in paddy
SAT = Saturation point
WV = Water volume in soil
VILT = Uilt poiné

I

T
4
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Large Scale Surface Irrication Svstons

Large scale surface rice irrigation systems with field to
field water distribution are frequently found to be incapable of
irrigating design acreage. This failure is most often att, ibuted
to (1) faulty main system management and (2) poor on-farm \ ater
management practices.  Those who subscribe to these views !.ive
advocated rather massive investmont in rehabilitation ~fforts,

In fact, there has been no systematic linc of research which has
established with any degree of certainty either of these two
conditicns,

There are other possibilities besides water management

which ray provide an explaration of the shortfalls in irrigated
acrecage. One is that the original designs were faulty and that
design capacily never existed, not a surprising outcanz when
designers are working with an inaccura*e data base. A
complimentary observation may be that in fact, given the ¢ portunity
for a water reuse system to develop, so called illegal cultivation
may accont for a greater irrigated acrezge than the aifference
between the area irrigated and design acreage,
| | |

" The implicit assumptim: behind this suggesticn is that a
system of cultivators does not waste water if the marginal value of
that water is greater than the cost of aavmg it even if there is no
relation between water fees and the quant_lty used. In other worcs
any water wasted by one farner will be captured and saved by another
neighbouring farmer if the capture retumns justify the cost., If
this hypothesis is true, then few if any prcduction gains can be
achieved by only improving both main and farm system water managemert,
However , redistribution can be acconplished and so called {ail-
enders, as defined under the original system design can be supplied
with water at the cxpense of the reusers. It is expected that the
forgoing hypothoch will hold as a func:ion nf the age of the
oroject.  The youngar the project, the ‘css likely that fammers have
had sufiicient exporience with the avai.ability of "wasted water"

for a pattem of reuse to be estoblished, On older systems, one
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total unnecessary losses from the system will be minimal.

The preceeding discussion suggests that there is much to
be leamed concerning the operaticnal efficiency of large . -ale
surface irrigation system. If surface water is to be util..=>d
in Bangladash, it would be well to carry out  cesearch on
existing systems to establish the actual irrigation efficiesncy
of the systoms given any existing reuse pattem. This would
require a total system agproach. First, a hydrologic model is
nceded to (1) account for water into the system fram water
sources and rainfall, (2) establish total drainage from the
system under varying circumstance of water stress. The marginal
benefit from irrigation along with the costs of irrigation would
need to be established if it were found that water losses ficom
the total system were greater than what might b2 expected un.ler
reasonable assurption of cbtainable irrigation efficiency. ihe
marginal cest and benefit data would provide a basic under .tanding
when water would be allowed to be wasted and not be picked up by
reuse systems.,

| :

QJantificaé:ion of the marginal benefits of water arplied
to .the irrigated Tcropping patterns should also be used to evaluate
water saving m:asﬁres such as canal lining. Canal lining costs,
especially of surface diversicn systems, must be evaluated against
the benefits obtained fram canal seepage in ground water recharge,

When surface irrigation system (as is also true for w1l
systems) are used to irrigate crops other than paddy, water -wcepage
and canal losses become much more critical. Water reuse systems
can no longer be expected to utilized "wasted" water. Canal lining
may then be a economically viable opticn for extending command
arcas. (n large systems, linirg may vary as a finction of the soil

type in given section of the ccimmand arca and of the cropping
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pattems. The rmscarch needed for decision maxing requires the
determination of (1) the cost of lining and (2) the value of the

water saved in the production of irrigated crops,

There is anple information in Zangladash and elsewh e
PO doborming crop wail o remiretens on wod gralng.,  Givan price

information end dstailed data on lining costs, there is ro

difficulty in avaluating the caral Lning altomative, f1so, in
St clrounastoons, if organizational and managorent oosts are
comsiderd in tio ealculus, omal Piving way be
irrigation cohtation. &ditionally, a3 noted elscwhere in this.
roport, wihere growsdeater conditicss rormit, well water ray oe oan
alternative to canal lining. ‘ihe relative eccnomics of these

altematives could be included in - ¢ rosearch proygram,
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willingness to follow the approved plan weuld be condition of
receiving the loan. Payment to suppliers would be made throug
line of credit establisheg by the farmer after Caronstrat:on t]
siting and distrihbuticn had been mot, The bank might als, be
asked, and it would be in thejr interest, to provide training t
farmers on engine use and care and o such items as Operating
temperaéurcs, selection of lubricants, rnning schediles most
likely to minimize repair costs and so on.,  These ot reducine
praci:icxlzs should cdecrease the Per wnit costs of purping water a
increasé the total and net return from well operaticy, Campet it
between ibamking institutions could fostar the provis:.on of thes
training services as banks compete to make loans to varmers,

; .

An action research program of relational baxking in a
selected case study arca would be daveloped for coimirison of tl
net retumn to irrigation in other areas. The corpucd ancas wou
need to be in the same agro-climatic region (same 30ils, climate
and access to groundwater) with similar Cropping pattams. To t
extent that other environmental variables cannot be edequately
controlled trrough the sampling design, proxy variables need to
be developed to avoid biased estimates in the statistical aralys

The methodology proposed for policy evaluation needs furtl
development. Policies can be usefully described and summarized
using statisitcal constructs such as nominal protection rates
(NPR's), effective protection rates (EPR's), and domestic resour:
oosts (DRC's). Effects of policies can be roughly indicated usir
partial equilibrium analysis but further work would be required t
develop methodologies capable of properly handling the simultaneo
impact of multiple distortions and other general equilibrium
effects. '
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Aditicnal poticy analysis is needsd 11 support of the oth
sections of this preoposal.  In technolcay developrent existing
mzchods supporting the local pusp industry need to be assessnd
relative to promising policy refomms, Casual inspection of local
produced cimtrifugal burss suggest that fuel cfficiency ol be
markedly improved by Lotter casting.  Some improvencnts Ci 1y be mac
through training activities, not enly in care and miinten: . of
Puaes and engines but in indicaied Lmprovoments (eg. filing the
rough spots off the impeller blades).

|

Competition ameng dealers of Purp engines appears to be
limited by licensing requirements, The benefits of licensing need
to be assessed relative to the costs of nigher engine Jrices and
the rescurces Spent on obtaining the political favours associated
with obtaining a license. Some chserers believe that licenses are
necessary to conserve scarce foreign exchange. But since the offic
exchange rate is close to the market clearing rate,. it is not clear
that licenses have a substantial inpact on foreign ax-hange
requirements and quite likely that whatover rodest séavmgs are
achieved are not worth the deadveight loss associated vith price
distorticns and rent-secking, The methodology developod by Arnold
Harberger as extended by Suthad Setbeensammg (for agricultural poli

in Thailand) is appropriate for the evaluaticn of these issues.

Alternative policy proposals for referming lending policies
for tubevells also need to be evaluated. Existing policies subsidiz
borrowers both by setting effective interest rates below the shadow
price of credit and by selection and enforcement policies wh . h
Pemit a high default rate. The new intemational thrust towards
‘relational banking is ane promising altemative. By expanding and
training the technical assistance staff in selected financial
institutions, it may be possible to irprove the pumping and conveyan
technology set in place and thus improve the financial viability of
the project. @vernment can facilitabe thig process by providing
a set of recommnded patws and engines for different tyres of walls,
This reduces the cost to b.mks of deweloping their own criteria for
the approval of loans,
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Other conplencntary rolicy modifications require estimating
the divergence between markat prices and opporeinity costs (shadow
prices). there the policy in question has substantial effects an
the use of foreign exchange, the shadsw exchanan rate beg nes
especially inportant, This may warprone special taxes, o sldies
or other policies to partially corroct for existing distortions,
For example, if the shadoy exchange rate exceeds the official
excharllge rate, a subsidy on clectric wotors (or a £ax on diesel

engines) may be justified to censerve on imported fuel,

é Pricing policies also affect CIOpping pattemns ang water usa
In reg'ions and scasons where the social cost of water is greater
than the private cost, it may be prudent to lower the procurement
price of rice and to raise the price of wheat ani other crops wiich
are Supply-side substitutes but have relatively low water
requirements.  Such adjustments should bo mecast hewever, to avoid
inefficient transportation of grain and inventory adjustm nts,

Another area for corplementary Plicy anaiysis is in the
agricultural processing indust.ry, Manufactured produces vhich use
agricultural CHTIiIties g dnmuta aa Swlce poaadized by existing
policy. Nen-protected industries are penalized relative to
inq:ort-substituting indusirics, wiich are procecied by imrort
tariffs., FExports in @neral are penalized by imgort tariffs and
other policies that defend an exc_‘uap_ge rate which wdervalues forej

1

B e g

: e-x'diénée relative to the undistorted equilibrium.
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Several observers have suggested that irrigation dnveloment
is not conducive to improvements in income distributien. Trrigatioem
allegedly helps richer fammer, leads to land consolidation, converts
margiral farrers into landless workers, fosters "waterlordism" and
fails to "trickle dowmn”™ to landless workers. Nene of these claims

has heen properly developed either ccnoeptually or enpirically,


http:c'c:icx-ptua.uy
http:Jnd'str.es
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The recent framcwork daveloped by Fohart Evenson and Haj

Binswanger in the Indian context can bo adagzed to the Bangla

situation to estimate the incon distribution consequencaes (L7
irrigaticn. The wsults from the Indiam Case are instructi o

as irrigaticn helps the rcor in two irporiant ways. First, it
increases cmoloyment and provicas urard prescuve on the wage
rate. Seooud, it increuses food socarity md real levels of
living by decreasing the relative price of rice and cther

irrigated crops,



45

Cptimal cfntml of [ aroundwater resources:  an integration

———— ——— e e e e

!

|

bpaumg requirenents in water-usc policy and policy instruner

atfecting pw*o capacity, frequency of usa and crogping patrs ms can
in principal be used to promote optimal control of groumndw. Ler

resourars.  However the optimal control protfile dopends on a conplex

interaction inwlving the nature of the aquifer and recharge mechani

the technolegy available for extracting and conveying water, and the

range of choices in water utilization,

t
I

Calcﬂllating the optimal se profiie requires first adaptirg
and extending the principles of rencwahle resource coaianics and the,
applying the principles in selected sites

! ' : .

Rather than mount a huge modelling and planning effort from
the outset, we recommend that optimal use be calcula'ed for me or
two specific sites, By actually caleulsting optimal us2 patterns anc
the appropriate instrments for ef ficient resource mnajzement, one
can evaluate the utility of this approach and simuiltconesusly provide

an example of how the nmethodology should be apolied,

The optimal control framework would draw from all aspects of
the rescarch described above. ‘The econcoic assessment of punping
and conveyance technology is needed to estimate the cost of water
delivery under altemative policy regimes. Optimal cropping pattemns
and expected farmer practices (from section II) are needed to
estimate actual dr‘..v—dom The ecologlca“l aspvu_s of wat_er ,Fnagement

1
TR YN ,z,-,, . N L T A1

Tfrom” Section III) shoulrq be’ mcorporatrﬂd to expand prlvato cost
estimates to reflect the rore inclusive social costs. The response
to indicated policy changes . (from section IV) should be used to
sketch t he sensivity of draw-down to possible policy adjustments.
vAcoordingly the resourc.n econanics appreach, even if inplemented for
a selected region, con illustrate how all aspects of water managanent

can be incorporated to generace a unified policy package.
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TRIP REPORT

The following contacts and field visits were made by

merbers of the team:

10 January

il January

12 January

13 January

14 January
15 January

16 January

Meeting with Ms. Joanne Hale,
USAID

Meetings with Dr. DM, Davgherty

and Dr. Carlos Carces, IADS,

Dr. Corey, Bogor Trainine Institute,
Dr. M.A. Mannan and Dr. Ekxraml Ahsan,
BARC, Mr. Bassct, BRI, Team Mermbers
gave briefing on the assigament to
BARC and IADS.

Meeetings with Dr. Laumark, CARE,
Dr. A, Bottral, Ford Foundat:ion ’

Mr. M. Hvland, wDP, Mr. H. Uramerc,
FAQ, Dr. G.J. Gill, zDC.

Meeting with Dr, F, Sheppard, BRRI,
Dr. Hannan, BUET.
Visit to Deep Tubewell Site,

Meeting with Dr. C. Garces, Dr. David
Gisselquist, IADS.

Meetings with Dr. Garvey, Dr. Schuy,
Dr. Pitman, MPO, Dr. Hague, ERRI.

Meeting with A.K.M. Jamaluddin ,
Md. Muzaffor ahmed, CARE.

Visit to tubewell sites.
Meeting with Mr, Kader, CARE,
Mr. A.M. Anisuzzaman, Secretary,
Ministry of Agriculture.
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17 Janvary

18 January

519 January
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eetings with Dr. <. MUEg. saman, BI .1
Dr. D. Caitor «~d nr. i1 ler, IRRI,
Hro M, Thrannllah, 1007s » Dr. Boyc
Yonnerger, USSID.

14

Meetings with Dr. MUR, Biswas, Dr. A,
Ali, Dr. S. !indal, Dr. Karim,
Bangladosh ruriculiural University.

Debriefing BARC,



