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"PREFACE

Great emphas1s 1s be1ng placed wor]dw1de on effect1ve and effic1ent use

of - 1rr1gat1on water ' The d1rect resu]t of 1mprov1ng y1e1ds and extend1ng |
1rr1gated 1and area 1s 1ncreased food product1on

Conserving the qua11ty and quant1ty of 1rr1gat1on water deserves more.
-attention to expand agr1cu1tura1 product1on Improv1ng on farm water
e
management directly benef1ts most rura] poor and 1and1ess 1aborer51by

increasing income and emp]oyment

The Water Management Synthes1s Proaect 1s a program that 1s funded and ‘
assisted by the United States Agency for Internat1ona1 Deve]opmenttthr'
K

Consortium for Internat1ona1 Deve]opment Co]orado State Un1vers1ty’andfﬁ

Utah State University serve as 1ead un1vers1t1es for the proaect

The key objective of the proaect 1s to prov.de services 1n 1rr1gated
regions of the world for 1mprov1ng the des1gn and operat1on of exast1ng and .
future irrigation proaects and prov1de gu1dence for se]ect1ng deve]opment
options and 1nvestment strateg1es for the 1980 s

For more information about the pro;ect contact Dr G11 Corey;“'

Management Specialist, Deve1opment Serv1ces Bureau Agency for Internat1ona1

Deve]opment, Washington, D.C. 20523.

Jack Keller f "Kf‘wayne Clyma

Co-Coordinator : © Project Coordinator

Water Management Synthesis PrOJect Water Management Synthesis Proaect
Ag Irrigation Engineering - Engineering Research Center '
Utah State University Colorado State University

Logan, UT 84322 ‘ Fort Collins, CO 80523
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SECTION 1.
‘INTRODUCTION AND BACKGROUND -

The government of. Bang]adesh has estab]1shed an obJe”tjve of

food gra1n se]f—suff1c1ency as soon as poss1b1e and no 1ater than
1985 Th1s w111 requ1re an essent1a11y doub11ng of product1on ! Theret
is 111tt1e if any, new 1and to cu]t1vate hence the increased food
must come from 1ntens1fy1ng product1on by s1gn1f1cant 1mprovements ,;,_
in the control of excess_water, 1rr1gat1on expans1on and 1mproyement§;;
to permit mu]tip]ecropstper year, more and better use of,fertiﬂizer:la
and high yiering“varieties, pest control and in general an impﬁoued,}‘
agricultural husbandry. ‘The GOB has recognized the benefits thdt
can come from irrigation and‘has'indicated irrigation will play;a
major role in meeting the goals established in the second five Qeartﬂ«u
plan.

The country is blessed w1th an abundance of renewab]e surface iy
and groundwater throughout most of the 1and Irr1gat1on can prov1de .
crop 1nsurance dur1ng per1ods of drought in the wet season and extend 5
the crop growing season over the ent1re year. It also 1ncreases the ‘i
potential for increaSed ydelds from high yield. varieties, greatér
benefits from fert111zers and a]]ows for a: greater var1ety of crops
which can great]v contr1bute to better nutr1t1ona1 d1et for the‘

ma]nour1shed

Thus we fee] the po]1cywof AID shou]d be to‘part1c1pate 1n the :

:szhe Wroaects*supportedfshhf1d‘be;of such

,fa s1ze andgnature as to be manageab1e by AID and the GOBT: These



projects should fit into the master plan for the development of

‘irrigation for the country and supported by many donors.

The.country of Bangladesh has a population of approximate]J 88
million (1980) and 24 million acres of cultivable land. This is
roughly 3.2 oersons per cultivatable acre. The population dens%ty’
is over 1400 per square mile making Bangladesh the most dense]y:
populated country in the wor]d. Over 90 percent of the total poou1a-
tion are rural and 75 percent‘are actively engaged in agricu]ture,'
The average annual rate of population growth is esimated to be éetWeen
2.4 and 2.7 percent. By the year 2000 the population is estimateds' -
to reach approximately 13iji11ion with‘an accompanying dec1ine{at
the rate of growth to approximately 1.6 percent | | |

Generally, except as Timited by water year round cropp1ng.1s
possible. Annual rainfall varies from 50 1nches 1n the southwest
up to 220 inches on the northeast. There are typ1ca11y three :
cropping seasons (1) the early monsoon (aus), (2) the ma1n monsoon
(amon) and (3) the winter dry season (boro) The great maJor1ty of
the rainfall comes during the monsoon season Dur1ng the w1nter dry
season (routhy November through m1d Apr11) the ra1nfa11 over most
of the country is between 2.5 to 4. 5. 1nches

In total, the quantity of water wh1ch f]ows through Bang]adesh
?15 tremendous Count1ng the r1ver 1nf1ow from the Ganges, '

”Brahmaputra and Meghna R1vers and average ra1nfa11 there 1s typ1ca11y5d

enough water each year to cover the country to a depth of some: thlrty



feet.” In fact large sections of the country (some 6 tosidfmillhon”'
acres) are flooded during a normal rainfall year |

Cropping patterns and paddy varieties have evo]ved to adJust ,f"
to the climatic conditions (Figure 1). Neverthe]ess, crop product1oni
throughout the year is threatened by prob]ems assoc1ated W1th (1) L
water shortage during the ear]y monsoon months due to 1nsuff1c1ent |
quantity and poor distribution of ra1nfa11, (2) abnorma] f]ood1ng
and the occasional cyclone during the ma1n monsoon,.(S) 1n some years'
drought during the main monsoon season-and;(Q) very 1ow ra1nfa11‘1n

: ,I.f L
the winter months. '

. e
This is emphasized by the data in Tab]e 1 for f1ve stationé

The data were compiled by Utah State Un1vers1ty from the th1rty year
record from the World Meteorological 0rgan1zatjon;,:The most stn1k1ng
fact is that at some time in the thirty years?oférecord there was

|

zero precipitation in each month at all Of*the'tiue Stations The

data emphasize there has been ser1ous droughts 1n the wet season and

i
a general lack of rain in the dry season mak1ng ra1nfed cropp1nd
extremely hazardous in the winter and spr1ng seasons.

The water resources of the country are'(1) ground. water wh1ch
is substantial over the vast maJor1ty of the nat1on,:(2) r1ver 1nf10w'f,
from India, (3) natural rainfall, (4) numerous oxbowv1akes 1eft beh1nd??
by the ever wandering Ganges Brahmaputra and Megha R1vers and
(5) residual.

The water resources wh1ch are ava11ab1e for exp1o1tat1on by

agriculture. are (1) river f]ow,«(z) qround water, (3) oxbow 1akes

*Based on 870 MAF from river inflows and 703 MAF from rainfa11g?
In contrast average annual evaporation is approximately 132 MAF;f,j:f
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and depressions, (4) tanks, and (5) res1dua1 5011 mo1sture Except
for groundwater recharge, it 1s general]y not feas1b1e to store honsoon
runoff because suitable reservo1r and tank S1tes are not ava11ab1e

Crop product1on can: be great]y 1ncreased through proper :
irrigation and water contr01 ‘by: prov1d1ng supp]ementa] 1rr1gatﬂon
during the early monsoon (aus)~Season; flood control and supp]ementa]
irrigation during the main monsoon (amon) season; irrigation duﬁing
the winter dry season (boro season); and growing a greater variety

of crops including vegetables.

Flood Protection and Drainage

The flood and drainage situation in Bang]adesh 1s un1que 1n the
world. The entire country is virtually a 1arge act1ve de1ta rough]y R
half the country is subject to flooding. The f]ood supp1y water for 7
monsoon and dry season crops in some areas as cu1t1vat1on and var1eta1“
selection have been accommodated to the normal.flood\enuironmentt
Neverthe]ess, there is substantial abnorma1»f10oding most eVeryfyear
which damages crops and property (R

Given this flood hazard, embankments and dra1nage 1mprovemént
appears to have a role in water resource deve]opment. N1th1n the »
area protected by embankments (about 3 3 m1111on acres as of 1977)
farmers cultivate monsoon paddy crops w1th greater success and are
said to be investing more heav11y in HYV and fert111zer and other

yield increasing practices.

Irrigation and Increased Production

The effect of irrigation on y1e1d 1s the?resu]t of both the water*f

itself and the associated comp11mentary 1nputs wh1ch accompany 1t



If these inputs are not prov1ded then the 1mpact of 1rr1gat1on w111
be less or possibly negat1ve
On the basis of 1nformat1on supp11ed by the staff at the Bahg]adesh‘;
Rice Research Inst1tute (BIRRI) the fo11ow1ng y1e1d 1ncreases
accompany the use of 1rr1gat1on These est1mates are a ref1ect1on
of results obta1ned on farmers f1e1ds and do not represent a potent1a1 E

established on the}experlment stat1ons

Boro. In Boro season both local and:HYV rice are grown under
irrigated conditions. Two to three;tons/acresyie1d at farmers field
level can easily be obtained. It*is}notfpossible,to grow Boro rice

without irrigation.

Aus. Usually Aus is grown under ra1nfed cond1t1on and per acre e
yield is about 2 tons. w1th supp]ementa] 1rr1gat1on 25 percent anreased
yield has been recorded. Pro]onged drought 1s vnusua] 1n Aus season -

(April to July) but it does happen as- shown 1n Tab]e 1.

Transplanted Aman. Usua11y th1s crop 1s a1so grown under. ra1nfed

conditions. But there is poss1b111ty of drought 1n September to October-f
and critical growth stages (pan1c1e 1n1t1at1ng and booting) occur
during that period. Y1e1d reduct1on depends on the severity of drought
Under rainfed conditions 1.5 to 2 tons per acre yield can be obta1ned
Under irrigated cond1t1on (supp1ementa1 1rr1gat1on) 50 percent 1hcreases

in yield have been recorded W1th assured 1rr1gat1on fac111ty P 5

to 3 tons per acre y1e1d can be obta1ned
]

The acreage which is under 1rr1gat1on in Bang]adesh is g1veh

in Tab]e 2. The tota] rice crop by season is shown in Table 3 and



TABLE 2

ACREAGE IRRIGATED BY DIFFERENT METHODS

(Milliens of Acres)

Gravity Low Lift Deep Shallow Hand Traditional

Schemes Pumps Tubewells Tubeweils Tubewells Methods Total
1974/75 .08 ° 1.3 .14 .03 1.8 3.4
1975/76 .09 1.3 .18 .03 .006 1.7 3.4
1976/77 .09 1.1 .18 .03 .015 1.4 2.9
1977/78 . .14 1.3 .35 .08 .025 ;v1.8 3.74
1978/79 .16 1.4 .51 .11 .027 1.7 3.9




TABLE 3

ACREAGE OF PADDY BY SEASONS
(M1111ons of Acres) ,‘;,,_

1975/77 1977/78 'T,}¢19787§9ffifﬁ

1979/80

EanTeronéoon (Aus)‘né' 7 9; 7.8
Main Monéoon‘(Aman) “14.4~ .14;33

Winter dry (Boro) 1 .‘”2,1; 12;7n

Tota] . | 24.4  24ﬁéjin,-__;f25;§;f

Source: Bang]adésh‘Bunéou;oftStatfstiosiy "

CTABLE ¢

. YIELDS PER ACRE BY SEASON
(Maunds per acre of rice equ1va1ent)

b

";1975/77v | .1977/78 - 1978/79.

1979/80;}3

Ear]y Monsoon (Aus) fibggf 10 8J 11‘2’
Ma1n Monsoon (Aman) 713;1ﬁ: 14 2& 13 9
Winter Dry‘(Boro) | 21)33; 22 6@5 19. 8

7'5'10 2

1 Longton = 27.22 Maund:
1 Maund = 82.2 pounds

Source: Bangladesh Bureau of ‘Statistics.



y1e1ds per acre per season in’ Tab]e 4 and tota] rice: product1on in

Tab]e 5:
The product1on of wheat over the past 20 years 1s shown 1n:

acre product1on

Table 6. There have been dramat1c 1ncreases 1n )
in the past f1ve years These have been made poss1b1y by HYV and
1rr1gat1on In many cases wheat is be1ng grown (a dry season crop)
on 1and that former]y was 1n r1ce however the so11 texture and mo1stur(
regimes during that per1od of the year favor wheat product1on, urr1ga-w
tion requ1rements are 1ess and returns are greater to the farmer |
Very clearly there is-a substant1a1 opportunity to 1ncreasé
production with 1rr1gat1on g1ven the abundant water resources ‘: ml_i;'v

Irr1gat1on must be cons1dered a pr1or1ty in the country s deve]opment

HISTORY OF USAID IN IRRIGATION DEVELOPMENT

What follows is a br1ef descr1pt1on of the 1rr1gat1on deve]op-

ment programs and proaects in which USAID has apparently been ,Wﬁf“"

involved. Also 1nc1uded are comments on the app]1cab111ty of tHe
proaects and recmnnendat1ons for future act1on

There are no re]1ab1e records of a]] the 1rr1gat1on proaect e

in which. USAID has oeen 1nvo]ved Th1si
records dur1ng the war of separat1on and the;factfthatTmany AID records "

were maintained in West Paklstan;t

Ganges-Kobadak Project, Kusht1a Un1t PhEse I

This is primarily an 1rr1gat1on proaect comp]eted in 1970 w1th
|

flood protect1on and dra1nage 1mprovement aspects It covers a gross

area. of 210, ,000 acres of wh1ch 120 000 are 1rr1gab1e Irr1gat]or



TABLE 5

RICE PRODUCTION BY SEASONS
(M1111ons of 1ong tons of rice equ1va1ents)

1976/77 1977/78 1978/79 ax

;Lf

JéjQKSQﬂ ?

Early Monsoon (Aus) 3.0 3.1 3 3

Main Monsoon (Aman) 6.9 7.4 7.4

Winter Dry (Boro) 1.6 . - ;;2}2 @1{9

Total

s 127 12.6

Do,
. 1

I
S
R

1

|

{

Source:

Bangladesh Bureau Of}stafisﬁfés““'

TABLt 6
PRODUCTION OF wHEAT

Year

Total Acreage ‘Total Production
(Mil1lions) (Millions Long Tons)

" Yield/Acre
.- Maunds

1960/61
1964/65
1969/70

1974/75

1975/76

1976/77.
1977/78

1978/79
1979/80

.14 .03
.13 .03
.30 10

37 21
| :4Q* fééSisf
g o
165 ‘{48?;1

9 SJfGEL
10 1};]?!
o
'15 8
17.6
zq.o' ,
20.2

One Tong Ton
One maund
e = estimate

Bangladesh Burééuquésfaffgqu§ ;;

Source:

7.22 Maunds

= 2
= 82.2 pounds =



,'1s prov1ded by pump1ng water from the Ganges 1nto a grav1ty cana]

system The main feature of the prOJect 1nc]udes 46 m11es of ma1n

‘ ,channe] and ‘pumps with a tota] capac1ty of 125 cusec

At the present time the proaect is est1mated to 1rr1gate betwee

thirty and sixty-five thousand acres.,

Coastal Embankment Project, Phase I

The coastal-embankment project is 1ocated along the shore 4f-f
the Bay of Bengal in the coastal districts of Bang]adesh By vfhtde»
of the land location and e]evat1on and many water passages, the 1andaf
is subject to per1od1C«t1da1 inundation and monsoon f10ods. The proaect
comprises 86 polders Whicthill provide protection to about 2.7'm11110n1

|

acres through constYuCtiondof 2,250 miles of embankment and 800's1utcess

Country Master Plan

Development of a countrywtdefhastenaﬁlanhfor‘Irrigation, Drainage . .
and Flood Protection.

This program comp]eted 1n 1964 under’ contract by Internat1ona1
Engineering Company Inc of Ca11forn1a, 1dent1f1ed and descr1bed a .
total of 51 1rr1gat1on drainage or flood protect1on projects wh1ch
would result in increased agr1cu1ture production. There were cana]
diversion prOJects deep tubewell proaects and embankment type f1ood
control proaects. Some of the prOJects were mu1t1purpose assoc]ated
with hydro deve]opment | . : : W

The overall obJect1Ve of this Master P]an was to 1nc1ude an
irrigation capability which would provide for food product1on

requ1rements for 20 to 25 years (approx1mate1y 1985)



" The Dacca-Demra Project

This progect was reported]y undertaken by USAID 1n the 1960 5.
No project documentat1on ex1sts 1n the m1ss1on The team v1s1téd
vthe supposed proaect s1te and obta1ned the 1mpress1on of a muTti-
dimensional proaect wh1ch 1nc1uded a f]ood contro]/road embankment -
Tand leveling and the prov1s1on of a pump1ng stat1on and 1rr1gat1on;;}

canals. The project may have 1nc1uded four v111ages

Small Scale Irrigation

g Voo «
This active project w111 make ava11ab1e 40 000 1rr1gat1on hand -

pumps per year for sale.to farmers It is to be accomp11shed by
prov1d1ng funds to the Bang]adesh Government for purchase of pump
manufacturing raw. mater1a15, by providing a cred1t program with' m1n1ma
stipulation for 10ans, and by a program for advert1s1ng the ava11ab11|
of credit and pumps The pumps are targeted for r1ce and wheat irriga
t1on on farms of one- acre or Tess

In total the proaect w111 f1nance the d1str1but1on of 240K|hand
pumps for irrigation to farms at a cost to the farmer of $70/pump
and $3.45 for 1nstaT]at1on There is reportedly a Targe demand'for <
such pumps and 135K/year are manufactured at present by 10ca1 ;_ |
industry.

Assum1ng a 120 day season one th1rd acre of Tand w111 requ1re

L

The food energy produced

640 hours of pumplng or 5 3 hOUFS per dayfp

,,A‘f1nanc1a1 ana1y51s
" |

from the farmer s v1ewpo1nt was made and even w1th rice prices at
' <

an extreme]y 10w Tevel the farmer own1ng one-th1rd acre or more wou]d

will be 20 t1mes the human energy for pump1ng

show a prof1tvafter;three years.;
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A program of radio advertisements will be prepared ‘to infomm
the farmer of the program,

It is expected that there W111 be a 13 percent Jnterest rate

on loans and a 29 percent defau]t rate, a]though}_heZTatter may 1mprove
WTth the add1t1on of more Toan off1cers Therefore the BDG 15: : |
subs1d1z1ng the d1str1but1on of these pumps The Bang]adesh Kn1shy
Bank will: requ1re $1M/year to maintain credit operat1ons In ﬁhe |
f1rst year, the IRDP will borrow $1.38M worth of pumps - from UNPCEF ;

to be repa1d in lacal currency, and in the rema1n1ng years 1t W1]T f
borrow about $1M/year from the Bang]adesh Bank The 1nterest and
‘default rates w1]] be the same for the IRDP

The BDG will absorb aTT Toca] costs of construct1ng the 120K |
additional pumps for wh1ch AID is prov1d1ng raw materials. : N

Assuming (conservatlvely) a 5-year Tife for the pumps, the B/C;:f
for the proaect is 2. 2 at 15 percent and the IRR is 85 percent. ‘ :

Terms for farmer Toans are no down payment repayment 1n three‘i"
equa] 1nsta11ments after each dry season harvest 13 percent 1nterest,fi
and p]edg1ng of the farmer's land as collateral.

This proaect is currently more than one year beh1nd scheduﬂe
D1ff1cu1t1es arose with pump des1gn and w1th dea11ng w1th 1mpor&i
procedures Procur1ng all components of the pump and p1pes proVed
to be a form1dab1e task -~ As of June 1980 6000 pumps had been'

procured However, contracts have been let wh1ch shou]d produce

results in the near future.

Rura] Irrigation WOrks

¥

This project would construct and operate small scale 1rr1gat1on

‘systems (which would be deveToped to 1ncrease the command areas'of
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‘ex1st1ng water supp11es) through the Rura] WOrks Program of the!
|

Government of Bang]adesh To date a consu]tant has selected th1rty
(30) projects from a 11st of 90 DTw S for p]ann1ng and design. IAny :
| R

one of these th1rty proaects 1s referred to as a sub-project. !
|

"Sub proaects t0 be deve]oped w111 serve as. mode]s of des1gn and
1

operat1on to MRD (M1n1stry of Loca] Government Rura1 Deve]opment

and Cooperatives) and to water users". groups Therefore economic -
' .

justifiability was not considered to be a pr1mary factor in the i
i

‘development of the quest1onna1re, a1so the soc1a1 and econom1c back-vf
A .

ground data about the benef1c1ar1es is 1nadequate to se1ect thelproaects

Status.--To date, 23 subproaects have been des1gned Theylare
to serve as demonstrat1ons for promot1ng command aiea'deve1opment-

u1t1mate1y for the country Water d1str1but1on channe]s are ;i'
standardized to carry 2 cfs f1ows wh1ch is the typ1ca1 output of a E
I

DTW, to be Tined w1th 1oca11y made br1cks and to have a masonary

turnout for each three to f1ve acre b]ock of farmland, water schedu11ng
I .

will be done in each b]ock by roster which "will be published and
S

updated from time to t1me and w111 be posted at the pumphouse on another

convenient 1ocat1on
The evaluation team does not understand how any s1ng]e subproaect

structure could serve. as a national model without meet1ng the test
of a financial ana]ys1srand‘f1e1d evaluation. In part1cu1ar wader‘> :
saving practices suchvas 1fned canals and masonry:turnouts shouhd 3;'f
be shown to pay. The design which has been seiectedlfor these*:
subproaects block rotat1ona1 1rr1gat1on has 1mp11c1t w1th1n 1tA§
necessity for farmer organ1zat1on There is no evidence to estab11sh:'
that this is the des1gn wh1ch w111 minimize d1str1but1on costs Jhere
. . . : i



16

d1str1but1on costs equal expend1turcs on structures p1us 1and taken
out of product1on p]us operation and ma1ntenance charges p]us organ1zat1on

and transactions costs.

The Nabaganga Integrated Land and Water Use Study

This project is in phase II of preparation for a target area‘5«£f~
90,000 acres serving a population of 202,500. At present 2 700 acres
are irrigated from the Nabaganga R1ver. The-pr mary goa] of the prOJect

is to "s1gn1f1cant1y improve the 1ncome of farmers espec1a11y poor _“‘;
land owners, tenants and 1and1ess 1aborers 1n the pro1ect area'“}fﬁ o
Primary Components. .(1)'IrrigatiOn of 20,800 acres (1/1 bdrof

rtce, 1/2 wheat) with 1ow1ift‘pumpsffrom Nabaganga Reservoir,

(2) Fisheries development in the Nabaganga Reservoir, (3) vi]1aQe~e
industries and (4) an agricu]tura] practice program on nonirrigatedt |
land. Four (4) 100 acre p11ot farms iw to be used to estab11sh manage-
ment and organ1zat1on structure for the rema1nder of the proaect o

The BWDB respons1b1e for“tra1n1ng and extens1on serv1res BwDB’

Executive Eng1neer is to be respons1b1e for 1mp1ementat1on of p1Wot
areas.

Deve]opment groups w1th a manager who 1s respons1b1e for pump
ma1ntenance and operat1on cropp1ng pattern se]ect1on procurement
of seeds, fert111zer and other 1nputs,‘sett1ng up 1rr1gat1on water

de11very schedu]e and co]]ect1ng of . 1nput costs



7 SECTION 1T

The team has chosen to cons1der therso-ca11ed 1ssues as out11ned

~in the paper prepared by Dr Lav1ne; copy appended as a 11st1ng not -
of 1ssues but of deve]opment opt1ons It was ant1c1pated from the
start that a pure strategy for 1rr1gat1on deve1opment wou1d not 11ke1y'ﬁ
be appropriate. Rather what wou]d be requ1red as a m1xture of

options consistent with current country needs, po11t1ca1 rea11t]es,

and AID capabilities.

Irr1gat1on vs. Rainfed

It is not possible w1th the data read11y ava11ab1e for anaiys1s

to calculate the prof1tab111ty of past 1nvest n‘”1n 1rr1gat1on

What is clear however is that across a]] fronts' resu1ts have been
1ess than p]anned MaJor cana] proJects were completed 1ate anq those h
urnider construct1on are beh1nd schedu]e Irr1gated average 1s a]most |
always less: than the potent1a1 command w1th the quant1ty of water
ava11ab1e and 1rr1gab1e area Tubewe]]s W1th but a few except1ons
1rr1gate 1ess than the p]anned for acreage (about one- fourth to one- f@
third of expectat1ons) C]ear]y a rea11st1c ana]ys1s of the benef1ts f
from 1rr1gat1on in Bang]adesh cannot be taken from;proaect p]and1ng -

documents

A tota] soc1a1 account1ng of 1rr1gat1on 1nvestment 1n the countryé-

)

has not been carr1ed out¥§.VerﬂV11tt1e systemat1c mon1tor1ng’

seva]uat1on of ex1st1ng proaects has been go1ng on No one wou]d aPQUe;ﬂ

,however, that p]anned for output 1ncreases have been ach1eved
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0n the other hand over the 1ast f1ve years the ava11ab111ty
of 1rr1gat1on water for the w1nter dry season (boro) has resultéd
f1n an acreage annual output of 2 094 000 Tong tons of rice equ1Va1ent
Va1ued at 1978/79 fanngate pr1ces, th1s is approximately 5.95 b1111on
Takas (approx1mate1y 411 m1111on U S.).* ;',3' }:'

There is an accumu]at1ng body of ev1dence 1n Bangiadesh to'suggest
that significant 1ncreases 1in paddy product1on 1n the ra1nfed areas
is a real poss1b111ty In the first p1ace of the 25 O m1111on Cropped
acres of paddy in the 1978/79, cropping season a typ1ca1 year 1n terms f
of planted acreage, 22.3 m1111on acres of 89 percent were ra1nfed |
These are the ear]y (aus) and ma1n monsoon (aman) paddy crops :Although
y1e1ds may be 11m1ted in. these seasons compared to the w1nter dry V
season (which is 1rr1gated) because of ava11ab1e sun11ght they! f
represent a substantial product1on base Second]y, on go1ng research
at the Bangladesh Rice Research Inst1tute w1th cropp1nq systems:suggests
potent1a1 for greater rainfed crop product1on by way of new variet1es'7
currently under f1e1d test1ng There are var1et1es bred spec1f1ca11yd
for characteristics wh1ch w111 be appropr1ate for these env1ronmenta1
conditions of the monsoon seasons F1e1d tests showed yields and
income increases even though fert111zer and pest1c1des were app11ed
below recommended 1eve1s

The release of these new var1et1es wh1ch are being deve]oped j-,:;
to be comp1ementary w1th seasons can be expected within the next
»several years. In add1t1on, strong ev1dence of substantial productlon‘

-increases from the app11cat1on of zinc sulphate and su]phur in SOme

*Based on 1 1ong ton ; 27 22 mds of rice, and an average farm g
gate pr1ce for. Boro paddy of 104 46 TAKAS/MD
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regions of the counthy‘is aceunGTating Tak1ng advantage of these
product1on poss1b111t1es W111 requ1re attent1on to the we]] knohn fee
packages of 1nputs and pract1ces fert111zer ava11ab111ty, cred1t e
seed mu]t1p11cat1on demonstrat1on p]ots and so forth ; | : 2

The genera] concensus seems to be that a substant1a1 techno]ogy'
for ra1nfed paddy product1on is not yet ava11ab1e but 1t is 1fke]y
to be so, well within the next five year period. It 1s too eaﬁ]y
to determine (1) the yield and income potential of that techno]ogy
and (2) the re]at1ve profwtab111ty of 1nvestments in de11ver1ng that
technology compared to investments in 1rr1gat1on Ex1st1ng ravnfed'
agriculture leaves much of Bangladesh without the potentjal of&ear .
long agriculture and would limit production to those CrOps thab ¢ah!
be grown in that period when moisture is avai]able The so11 and
climate resource therefore, goes unused for six months or more everyv
year. In addition to increased production, irrigation affords

|
degree of insurance against unusual drought periods. Furthermore,
—

one of the principal resources is a cheap and readily available water
[

supply.

Wet Season vs. Year Round Irrigation

Typically, wet season or so-called SUpplsméﬁtéjﬁiffiQ?ﬁ*dﬁ;hééﬁi
the following characteristics:

1. Water is prov1ded through a r1ver d1vers1on or pump ‘system
'hStorJgefi?n
'fac111t1es are. often needed because r1ver f]ow 1s‘1owest when dhe;i¥;
demand for water is h1ghest but th1s is not 11ke1y the ease 1d =

w1th or W1thout aSSOC1ated reservo1r storage fac111t1es

Bangladesh.
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2; ? For paddy, the per acre 1rr1gat1on requ1rements are iow '4._

even 1n the dr1est years compared to dry season 1rr1gat1on "{b{ifi
;A>3V The marg1na1 product1v1ty per acre 1nch of water dec11nes

ovér the fu11 range of the supp]ementa1 water requ1rement In the
same way the marginal product1v1ty per acre 1nch of system de11yery,
capacity declines. This means that there are two reasons for spreading
a given amount of water over a large area. (1) the per acre repuire-
ments are low and (2) average returnslto‘water increase. The mpjor
factors which are;acting to restrict the.increase in the commanp area
are cost incentives, costkof‘the{distribution system and cost : |
(management) of organizing for‘water‘control and incentdve for &hose
already reserving water to take the risks involved with expansipn. |

4, Very typically, paddy'systems which haVe been designep for:<~i
supplemental irrigation have a 11m1ted capab111ty for year round 1
-1rr1gat1on (which means 1rr1gat1ng a dry season crop) The reasons
for th1s are both the ava11ab111ty of water compared to the tota1
command area -and the distribution systems are not’ des1gned to carry
the Targer quantity of water required per acre dur1ng the dry season.

In contrast, systems which are:designed‘for4many different:cropstt;
and full season capability reqUire‘greaterrwater storage (reseryoir' s
or underground) and have the capab111ty of transport1ng the h1gher
per acre requirements. It 1s fa1r to say that a system which can
supply the dry season command area can certainly provide supp]ementa]
rainy season 1rr1gat1on--except 1n the»case of wells as 11m1ted by tge,k

falling water tab1es That 1s the supp]y of water is such that

o
tradeoffs must be made between dry and ra1ny season 1rr1gat1on o
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In Bandladesh, 52 percent of the total irrigated.acreage id 1978/79
was‘irrigated'byfpumps (]ow 1ift pumps, deep tubewe]]s'andfsha11ow
tUbewe11s). 0r1g1na]]y these pumps were only operated dur1ng the
winter dry season (boro season) The reason was that fue] ma1ntenance,
and operation organ1zat1on which support the pumping operat1ons were .

Z«r
N

not set up td be available at other seasons of the year.
This situation appears to be changing. The last four rice:crops

in Banoladesh have suffered in some degree from drought. Experihents

in supplemental irrigation'at the Bang]adesh Rice Research Instﬂtute

during the early monsoon (aus) and main monsoon seasons showed %‘54¥ﬁ;

percent and 10 percent increase in paddy yie]d from very 1imited

supp]ementa] irrigation. Water shortages had occurred dur1ng the

very critical reproductive stages and therefore returns to sma]] quant1t1es

of supplemental rainy season«1rr1gat1on were h1gh Th1s has been

sufficient evidence for the Government to 1n1t1ate the process so

that wet season 1rr1gat1on can be ava11ab]e when requ1red from oumo

systems.

Pump Irrigation. There are however, many unanswered quest1ons

The probability est1mates of when supp]ementa] 1rr1gat1on m1ght he B
required in the var1ouslc11mat1c regions of the country have not:been
made. There is no basisftherefore for computing the economic’behefits
from investment in a supplemental irrigation capabi]ity It is possible
that an ex1st1ng pump operat1ons supp]ementa] 1rr1gat1on can proceed
W1th no d1ff1cu]t1es On the other hand,,severa]wposs1b1e s1tuat1ons,
m1ght ‘well be considered: |

1. Add1t1ona] pump1ng at ex1st1ng s1tes may adverse]y affect
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the water tab]e for pump1ng from sha]]ow tubewe]]s, part1cu1ar1y 1f a
full dry season potent1a1 is ever ach1eved | :fﬁ,f-" j' f'.':

2.7 Ex1st1ng pump capacity, if not 11m1ted by topography,.shou]d i
be able to supply supplemental 1rr1gat1on to a greater number of acres. -
dur1ng the rainy than the dry w1nter season. New distribution systems}f
and farmer organ1zat1ons may be needed : ;:.‘ ‘:‘,1‘.

3. Irrigation can prov1de t1me1y germ1nat1on of crops at the |
beginning of the ra1ny season in: order to take fu]] advantage o# the
wet season for crop product1on.

In summary, at the present t1me the econom1c benef1ts of sqpp]ementa]
1rr1gat1on have not been thorough]y 1nvest1gated It 1s h1gh1y 11ke1y,
however that supp]ementa] 1rr1gat1on w1th ex1st1ng pump operat1ons Ff
is econom1ca11ytfeas1b1e espec1a11y under those c1rcumstanceslwhere'__
there is no competition between seasons for the available water:supply'
There are no studies which compare the marginal benefit of 1fmited“h'
water supply between seasons or between crops within seasons. forhv"

the most part, however, systems shou]d be designed for operat1oq 1n

all seasons (year-round)

Traditional Irrigation Trad1t1ona1 1rr1gat1on methods doones, ;lfﬁi

and hand pumps 1rr1gate approx1mate1y 43 percent of the tota] 1rr1gated

area. Th1s is recorded as dry season 1rr1gat1on It seems very un11ke1y;§

’f

that cultivators have not been us1ng these same techn1ques for
R

supplemental irrigation when the need arises.

Gravity Fed Canal System. Canal systems have been designed

~primarily for dry season irrigation. There are no comparative ana]yses;



f]of fu]] 1rr1gat1on versus supp]ementa1 1rr1gat1on systems G1ven

"r1ver f]ows it 1s very 11ke1y that cana] systems have the water suppr?}
Wfffor monsoon 1rr1gat1on

C1ear1y there 1s strong ev1dence that any system'deSJ redlforfij”

hldry season 1rr1gat1on%Shou1d be organ1zed For fu]1;season ir gat1on;
There 1s not suff1c1ent ev1dence now ava11ab1e’no .advocate ‘builc tngf;

systems w1th on]y a supp]ementa1 1rr1gat1on capab1 1ty for paddy

Expans1on vs. Intens1f1cat1on '

rea11t1es A11 of the reasons are most,11ke1y re]evant to one s1tuat1on

or another

we11sfand‘Pumps

The a‘”eas"yr)":ca? y Keﬁngi*ff%‘ .

if pumps and hand tube we]]s‘

l
|
K e
r

g~1rr1gab1e areas 1pumps

‘are sa1d to have a capac1ty to 1rr1gate from 90-120 acres Deep tube 3

| we11s ofﬂ | {ih:j;capac1ty wh1ch were des1gned to 1rr1gate a command’-<

'Jjarea off res are averag1ng about 60 acres. Th1s compared to

fﬁa 5 year nat1ona1 average of 44 0 acres L
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L 2 ;;
"TABLE 7. |
‘AVERAGE‘AREA:IRRIGATED-BY~TYPEfOF«WELL/PUMPS :

LR T ‘:~Av9rége IrrfgétéH Average Over. 5- Year
TYP?r:;’ o Area/Mell 1978/79 5 Yrs 197579 Range!

'[Deep Tube We11 (DTW) s 44 0 ""f54 - 36 8 !
‘Sha11ow Tube Well (STW) g‘*gid.4'< 1.5 ﬁ10 & 5 8 f

Low Lift Pump (LLP) ~ 40.0 37 6 %40 0- 36 1
Hand ‘Tube: Wells (HTW) = .32 a7 .323{64

!

: - ’
Source: Bangladesh Water Development Board, Bangladesh Agricultural
Development Corporation, Integrated Rural Development Program

|
* .
Program started in 1975-76, 4 year average and range-acreages esEimated;.
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Deep Tube Wells (DTW's). These tubewe]]s are s1x to e1ghﬂ 1nche5j
|

1n d1ameter and are drilled to a depth of over 160 ft The we11s
| gare equ1pped with 1.5 and 2.5 cusec submers1b1e turb1ne pumps 'eng1nes
and pumphouses Insta]]ed costs range from Tk 125 000 to Tk 225 000

Where poss1b1e e]ectr1c pumps are preferred to d1ese1 because ﬁhey

are s1mp1er to operate and ma1nta1n they also make REA more: feas1b1e;
: |

The re11ab111ty of an e1ectr1c supp]y source shou]d be cons1dered
! N

before promot1ng a genera] p1an to ut111ze electric pumps A pump
'group or cooperat1ve pays a renta] charge (Tk 1200) p]us the cost
of spare parts, fue] 011 and operator s sa]ary

Reasons cited for the fa11ure of the DTW's te irrigate their.
potent1a1 acreage 1nc1ude |

1. Gross]y 1nadequate d1str1but1on systems between the We11

v NE
and the land wh1ch can potent1a11v be 1rr1qated W1th the f1ow g}

ava11ab1e<>-

2. M1smatch1ng of we11 and pumpﬁcapac1ty Many pumps are 2iﬁ

suspected of pumping far 1ess water tha 'the pump rat1ngs . 'I‘_ii;
l

3. Improper S1t1ng S1t1ng may be done on the 1and of the .
[

Manager and organ1zer rather than on the bas1s of topography lIrr1gated

acreage may therefore be 11m1ted by topography A]ternat1ve1yls1t1ng

may be done on. the bas1s of topography W1th no reference to the demand
b .

for 1rr1gat1on water by farmers 1n the command area. ;“~V;A“j;iﬁr1”° o
4, N1nety or 120 or 300 acre command areas are sa1d to mean -
ol

the organ1zat1on of too many farms (47 5 percent of~a11 farmdsarev
1ess than 2 acres and 25 O percent 1ess than 1. 5 acres )

: _5.fi Farmers waste water (some c1a1m because the cost of water:

is. set too 1ow to the cu1t1vator)
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‘6 Lack of un1form1ty 1n area 1rr1gated (sk1pped p]ots),|«
:jsf No system of extens1on and agr1cu1tura1 deve]opment (supp]y :
‘Jof HYV fert111zer and other 1nput) after we11s are. comp1eted
8 Lack of an 1ntegrated approach to water deve]opment and
v[management 1, e os fa11ure to see 1rr1gat1on as a comp]ete phys1ca1
‘econom1c and soc1a1 system and not prOV1d1ng the necessary 1nputs
to 1ntegrate the total package.

9t Fa11ure to run the pump more than four or f1ve hours per
day. There is a fee11ng that pumps must be restedI | f . : u

10, Fa11ure of ma1ntenance fue] supp]y and ava11ab111ty of S
spare parts | S S o f

11. " Lack of a capability to organ1ze farmers to manage the total
system water including eff1c1ent water application at the f1e1d lTevel.

12. Large water Tosses 1n the canal system. ' ,‘ f

13 Fragmented hold1ngs of very small sizes w1th no r1ght of- gf”

way for ‘the water d1str1but1on system o

Low Lift PUmpse(tLP) These d1ese1 and electric powered

centr1fuga1 pumps, etc 1 to 5 cusecs) are supp11ed to pump grpups
and cooperatives on an annualfrental basis for pumping from streams,
khals and ponds. Basic rental charges vary with the size of pump

set. In addition repair charges are assessed and there are penalties ;
for negligence and carelessness. The pump group also pays for fuel;kpf
oil and the operators salary. The BangladeShVAgricultural‘Devejcpmentf
Counc11 provides repair serv1ce

o In 1976/77 28,224 LLP were fielded:" 40,500 sets were available’

for use in the same year
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© Reasons for Tack of usé'and problems of the LLP progran arg cited

as:

| f}‘;r;. Gross]y 1nadequate f1e1d d1st" but1on systemslife

:f;az | Lack of 1nterest in 1rr1gat1on due to iow product pr1ces
and h1gh 1nput costs

f¥”3f Unava11ab111ty of surface water for pumping .in.the drier -
years.

4. Conflict leading to d1sso]ut1on of groups(;k

5. Pump life is too short (60 percent of potent1a1) due to
poor maintenance.
6. Lack of support for. farmer groups

7. P]us most of the other comments assoc1ated w1th DTw s

Shallow Tube Wells (ST). The Bangladesh Agricultural Development

Corporation sells STW to pump groups and fanns at cost (approx1mate1y

TK 19,500). The buyer pays 10 percent down and duerrema1nder 1n five

equal installments (zero interest). Buyers pa a11‘operat1on and

maintenance charges. Water y1e1ds are genera]J‘ ]ess than or equa]

to 1 cusec, and pumps are surface centr1f1ca1 type powered by 5 to

6 H.P. diesel eng1nes STw s are cheaper eas1er to 1nsta11 and}mainta1n

and require a much sma11er pump group and d1str1but1on system fqr
optimal utilization.

Hand Pumps. These pumps were discussed ‘under the description
of the USAID financed handpump project;ﬁ

Canal Gravity System. It is d1ff1cu]t to determ1ne the extentv

to which gravity systems are be1ng operated up to e1ther p]anned or’
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actual potential. There is evidence, however, that ‘the. record {s
Tesshthan 100 percent.

u The USAID f1nanced Banges Kobadak Phase I project'has cost'more
than 85 maT]1on us doT]ars s1nce 1959 o provided e

net increase 1n 1rr1gated acreage 1n the command area of 220 000 acres;
i

As of 1978 this progect was: 11sted off1c1a]]y as 1rr1gat1ng 64 608

acres. Unoff1c1a1 reports specu]ate that the actua] 1rr1gated acreage
[

may be about ha]f that amount A var1ety of reasons have been cited
to explain the lack of performance of the proaect These 1nc1ude
(1) heavy siltation at the 1ntake and pump1ng stat1on, (2) inadequate ;
electrical supply for the pumps, and (3) des1gn duty per cusec” ns fé;;i
too great, and (4) grossly 1nadequate f1e1d d1str1but1on system;, ::i;'
(5) plus most of the other comments which were ment1oned 1n connecttonfi

with DTW's.

Flood Control Project. The CoaStaT'Embankment'Project The

coastal embankment project consists of a system of d1kes and dra1nageiif
s]u1ces to protect land in the coasta] area from f]ood1ng by sah1ne
water at high tide. The program was beg1n in 1960 More than 5300
miles of embankment have been comp]eted Accord1ng to woer Bank
reports only a fract1on of the Fu]] potent1a1 of the embankment:have
been realized. what 1s sa1d to be requ1red are 1mproved water manage—
ment practices, agr1cu]tura1 support services, rural 1nfrastrucdure
and in short, a systems:type 1ntegrated approach to deveTopmentJ ,
) } ) o S C , :1
‘Summarz‘ It 1s qu1te cTear that the p]anned for potent1a1|of
none of the 1rr1gat1on a]ternat1ves, Targe or sma]] has been adh1eyedf
1] cases there éré"

. There are a Tong ]1st of poss1b]e causes, but 1n;f
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e1ther 1nfonned Judgments, hypotheses or pure spec”1”t1on There S
: -

Yhave been no spec1a1 study resu]ts to c]ear]y document‘the d1ff1cu]t1es.

‘There have been no attempts to determine 1f the costs of 1ncreas1ng
e

enef1ts Indeed‘some
L )

consu]tants are c1a1m1ng that 1t 1s cheaper to s1nk new tubewe]]s

than" to bear the organ1zat1ona1 costs and costs of 1nrreased wafnr'f

the. 1rr1gab1e area is 1ess than the potent1al‘\

management on existing installations.

There is strong evidence to suggest an opportunity to increase
|

irrigation from existing projects. There is no available information
I

to evaluate the capital and operating (energy and management) costs

]

and benefits associated with choosing that particular development

'
i

option. The evaluation team recommends that investigations of these

costs be undertaken in an organized professional manner. A project

might be developed with this as its objective (giving special emphasis

to energy use efficiency).

Large Projects vs. Small Projects

A large irrigation proaect 1s one; 1n wh1ch re]at1ve1y large
quantities of water are drawn from a s1ng1e source.and d1str1bubed hb%
by an extensive cana] system over a 1arge area Cana]s are measured

in miles rather than in meters. The‘areal1rr1gated 1s oftenu]anoe,_l
enough that cultivators never visit’thé:wat;r“snnraé'én‘{hpihuigfp'1‘

time.

A project which is larqe 1n tota] 1nvestment but 1s a co]]ect1on
Gl ey
',fa,prOJect to

of many sma]] proaects 1n a geograph1ca1 area?(e

sink 500 tubewe]]s) 1s not what 1s meant herehas a,]argemoroaecb

In summary, the poss1b1e benefits of a 1arge‘project are'”
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7(1) they are necessary to utiiize a large but variabie water source,
‘(2) they permit more effective use of scarce manageria1 and technical
skiiis, (3) they permit economies of size to be reaiized in operation
,and maintenance, (4) they are more easiiy financed through foreign ,tf;
donors, (5) they generate more benefits during +he construction,period
Some of the negative dimensions of 1arge proJects are (1) they ineVitably;
require the use of externa] consu]tants, (2) they have maJor enViron-v‘
menta] impacts and (3) it requ1res extenSive farmer user organization
to utilize the water effectiveiy In addition large proJects have
all the same on-farm water distribution and management compiications
as do small projects.
In contrast, small proaects (inc]uding a large co]]ection of |
sma]i proaects under a s1ng1e large financing scheme) have the qdvantage
: (1) more rapid development, (2) more opportunities for mobiliZing
local resources, (3) minimal enVironmental impacts and (4) easiqr
to organize for effective water management" because fewer cuitivqtors
per unit are:involved.
In Bangladesh, irrigation has been targeted'as,one-of_the‘major
deveTopment‘activities for achieving food se1f-Sufficiency by'1§855
Irrigation investment strategy in Bangladesh has been heavily '.
inf]uenced by the 1964 Master Plan funded by USAID. This plan With‘
an originaliy estimated cost of US$2?1‘bi]1ion called for some 50
major proiectsjwhich WOuid‘have jointly provided flood control and
drainage for about 12.1 million acres; Irrigation was to be suép]iedi” |
at a iater date to 7.9 million acres. Schemes completed SO far'(1979)
‘igprov1de fu]l or partial f]ood protection for 3. 37 million acres and

\irrigation for 150 000 acres



'3iift
o Recent]y (Apr11 1979) a Jo1nt team of the Wor1d Bank/Government
of Bang]adesh rev1ewed 1rr1gat1on deve]opment 1n the country. fhe |
objective of the rev1ew was to fac111tate and red1rect water resources‘
_deve]opment strategy w1th a v1ew toward meet1ng food qra1n se]f
suff1c1ency by 1985 Overa11 the study team recommended that deve]op-f

ment shou]d focus on immediate 1mpact on food gra1n product1on rather

than on 1onq term flood protection and dra1nage

It was determined that if food se]f-suff1c1ency was ti?be ach1evedf}
a m1n1mum of 4. 85 m1111on acres wou]d need to be 1rr1gated by
1984/85. This m1n1mum requ1rement assumed a re]at1ve1y hlgh product1on;
response to 1rr1qat1on A more rea11st1c requ1rement was teit to -
be 5.5 m1111on acres. The types of irrigation fac111t1es wh1ch wou]d
be required to meet the 5.7 million objective are shown in Tab]e 8

A Tlarge port1on of. the increase, 1, 500 000 acres wou]d come from
primarily 1arger grav1ty pump systems and the rema1nder from sma]]er
scale 1rr1gat1on fac111t1es It was fe]t by the Bank review team ,i :

that this h1gh a 1eve1 of deve]opment over the next five years 1s t,f'

not ach1evab1e consequent]y, they suggest a reduced target for grav1ty/

pr1mary pump1ng schemes of 800 000 acres for a total of 4.85 mllllong
1rr1gated acreages by 1984/85

What has evo]ved s1nce the 1964 Master P]an and 1ts a1most totaTif
emphas1s on 1arge sca]e prOJects 1s a Jo1nt strategy wh1ch recogn1zes?

the 1mportance of sma]] sca]e 1rr1gat1on prOJects In fact the ro]e;f;
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TABLE 8
 IRRIGATION FACILITIES) PROJECTED FOR WEETING ESTIMATED NEEDS |

EDS
VhT&pes a%fgystem | | h’ACreage o drhcreage .
ST 1975/79 " 1985/85
~(000): ~ (000)
eraVity/pfima;qumping . '“110}‘ - 1,660
Low Lift Pumpsv(LLP) . 1,431 1 ]OO |
Deep Tubewells -(DTH) f}152w* ,‘_94o17’f
Shallow Tubewells (STW) S o
Hand Pumps (HP) 200 o
Traditional o ‘éﬁbbéf‘ ;ﬁ?db‘
Total | 720 5,710
, Lk I

of small sca]e 1rr1gat1on seems‘tovbe more 11m1ted by government uncerta1nty
regard1ng ground water supp11esfand s1tes for 1ow 11ft pumps rather
than by a preference for the 1arger systems Th1s suggests the need
for suff1c1enf ground water survey data to de11neate where STw s shou]d
be emp]oyed

An 1nterest1ng re]at1onsh1p 1s po1nted to in the Bank report
which is that in Bang]adesh the rate of return from 1rr1gat1on/f1ood
contro] 1nvestments are 1nverse1y re]ated to the per acre cap1ta1 ";
1nvestment cost wh1ch is found to be 1arge1y a funct1on of‘ltood1ng )
as we]l as ut111zat1on of man made (ra11way and roads) an .natura]{ff

barr1ers as f]ood protect1on embankments

| 'i what emerges then is a s1tuat1on in wh1ch the h1gher returu,t
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S
to 1nvestment in 1rr1gat1on are from sma]] scale Dro1ects in fhn Tese

f]ood prone regions of the country

A review of externa]]y f1nanced schemes by the WOr]d Bank demonstrates
the re]at1onsh1p between s1ze of scheme and cost and returns as shown

in Table 9.

TABLE 9
COSTS AND RETURNS OF SELECTED IRRIGATION SCHEMES

Samp]é 'Capita1 Investment Internal Rate
Type of Scheme Size Per Acre (US$) ~ of Retuﬁn
Small scheme 10 < 110 - 30-50%
. l
Minor schemes 3 110-170 28-30%
' |
Medium schemes 7 300-1000 14-16%

i

Source: The Government of Bangladesh and the World Bank, |
Bangladesh Review of the Bangladesh Water Deve]opment Board
Report No. 2327-BD, April 2, 1979.

Another factor which appears to be opt1ng strong]y for small.
scale irrigation 1s the prob1em of farmer organ1zat1on for water management
The organ1zat1ona1 requ1rements for a deep tubewe]] are not 11ke1£ |
significantly greater than thsoe at a turnout of a large grav1ty swstem
However, as the size of the water supply decreases with shallow tubewe11
and Tow 1ift pumps the organizational requirements for water manadement
decreases.

The u]timate 1s the hand pump for which there is no organ1zat1ona1
component for farm 1eve1 water app11cat1on

Th1s does not mean however that the orqan1zat1on necessary |
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to supp]y the farmer W1th the who]e range of. 1nputs and serV1ces :
necessary to achleve the potent1a1 of 1rr1gat1on has decreased ft
may in fact have 1ncreased for some services such as malntenance And
repair.and fuel distribution.

Wh{1edthe organizatioha1)costs and eagpgy budget may favor hand
pumps, shallow tubewells (and phobably ioh‘]ift pumps) appear to ﬁe
less costly to operate on a per acre‘basisfthan hand pumps as "FW

demonstrated in Table 10,

TABLE 10

COMPARATIVE COST PER ACRE
HANDPUMP VS. SHALLOW TUBEWELL

Handpump Shallow Tubeﬁe]]

Capital Cost Tk. 1000 Tk 20,000 |
Life of Unit 5 yrs. 5 yrs.
Amortized Capital Cost 200 ‘ 4,000 (?)
Operating Costs h11;56§gtf sf6,23o
Maintenance . ;Sbhii ft '.990 :
Total cost/annually i;?SO : 11’220:,j;
Command area O.5Iacres 6 aéres |
Cost per Acre Tk. 3,500% Tk 1,870
(US$233) (US$125)

i

If the opportunity cost of family labor operating the pump is assum1ng
zero, then the per acre costs are reduced to Tk 500 (US$33) This is
probab]y not a valid assumption. Of course, increasing the eff1c1ency
of the pump wou]d have a similar cost reducing effect.

Source: USAID PrOJect Paper, "Proposal and Recommendations for the
Review of the Development Loan Committee."
Bangiadesh: Small Scale Irrigation I, AID-DLC/P 2162 -
Annex B.12.



Summarx Bang]adesh 1s comm1tted to an 1rr1gat10n program wh1ch
includes both very 1arge and very small projects (1.e.,,1nv1d1vua1 o
t

irrigation units). The ava11ab1e evidence to date shows that small

scale projects in the less flood prone areas of the country have higher
‘ N .

rates of return than large projects. Given USAID experience with

larger projects and the evidence favoring small projects (and as well

considerable support for the larger gravity-pump systems by other
{

donors) USAID should not provide financing for large scale projects

at this time.

Government vs. Private

The conventional w1sdom 1n Bang]adesh at the present t1me Hs
that a number of the organ1zat1ona1 and supply- issues wou]d be overcome
if both the supply side and‘pump operat1on were turned over to the
private sector. This may well be but there has been novsystematic
analysis of the most effective role of both government and the brivate
sector in irrigation deve]opment | | | |

Advocates of comp]ete re11ance on: the pr1vate sector need to _7W1
recall that there are two s1des to the coin: (1) the eff1c1ency argument
which 1ncorporates the "1nv1s1b1e hand" and (2) the d1str1but1oha1
implications implicit in a private sector economy whc1h may not'be
acceptable on (a) equity grounds and (b) po11t1ca1 rea11t1es More
than 1ikely a mixed strategy will eventua]ly emerge 1n which the pr1vate
sector will play an important but not the tota] ro]e

It is reported that pr1vate 1nvestment 1n water resource déve]opment

activities has been hindered. by amb1gu1t1es in nat1ona1 water 1aws
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. “Summary. The team recommends that USAID encourage development
bility
-and: the equity concerns of government.: (In reality, it is likely

' |

, ,bfftHéTBFfVéte sector when it appears consistent with their capa

thét ifrigation‘w{11 be develcped in the private and governmentail

o
sectors!. :




Th1s sect1on d1scusses thei'nvestment strateg1es deve]opedﬂehﬁ

°the Levine paper. - There {5no attempt to"devise s pure ‘stratedy But .

‘rather to point.towards a 'mixture of:ioptions.:
- INVESTHENT. STRATEGIES

"D1rect vs Ind1rect

Up to th1s t1me USA

s* had” no exper1ence 1n 1nd1rect 1nVestment
3;in;1rr1gat1on Ind1rect 1nvestment refers to 1rr1gat1on as a: cbmponent
;;of a 1arger systems approach to deve]opment Typ1ca]]y, such proaects
are referred to as 1ntegrated rural development, 1ntegrated area '
deve]opment and so forth

The qenera1 argumentffor 1nd1rect 1nvestment is: that d1rect

1nvestment most often fa11spto meet output obJect1ves because hs

s we]] known, 1rr1gat1oni1s‘on1y one of a vast number of 1nputs and

' serv1ces requ1red to ach1eve deve]opment The systems approach'1s‘
'generally accepted as the way to integrate act1v1t1es so as to éch1eve
"development goals.

The evaluation team suggests that USAID avoid involvement with
T .

integrated projects which do not have a strong monitoring and problem

solving capability. This may depend ultimately on the GOB commitment

to facilitating projects of this nature. Integrated projects should
{

reflect experience gained by donors who have been funding these'types

of projects.




‘Haéahafé_vs. Software

The quant1ty of hardware (1nvestment 1n phys1ca1 fac111t1es, ,‘;
, p]ant and equ1pment) wh1ch is proposed for Bang]adesh over the next |
’f1ve years is substant1a1 A very lage proport1on of the f1nanq1ng -
for th1s deve]opment part1cu]ar1y surface 1rr1gat1on W111 be prov1ded

by outs1de donors (IDB ABB etc ) (See Tab]e 11)

ABLE 11
IRRIGATION DEVELOPMENT IN BANGLADESH - 1980/85

Type of v Acres to be - No. of

Irrigation o Irrigated : - Units
Sorface Irrigation. 760,000 | “ E

LLP 57,000 28, ooo |
STH S 1,230,000 125 000
DTH S '7'8§o*ooof; .14,000 |
HTW | 80 ooo’f 33p,ooo

Drainage/f1ood 1 5oo ooo}f o

Source: Bangladesh 5-year plan

Software Software refers to research tra1n1ng, and managemcnt

;modes of 1mproved 1rr1gat1on systems The fo]]ow1ng recommendat1ons
: n

dea11ng with irrigation in Bangladesh have been taken from the team's
|

‘review of numerous reports, documents, conversations with AID and
GOB officials, project managers, technicians of many organizations,

i

'and ‘interviews with key farmer informants and extens1on workers. These
i

: ‘recommendat1ons are prov1ded in summary form and shou]d be v1ewed

"”~ijas ways to f1nd so]ut1ons to prob]ems ra1sed 1n th1s report
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,1;‘ Research proaects are needed on so11 and water management

, wh1ch 1nc1ude

a;”';Systems approaches to understand how the present systems

work and what the pr1or1ty prob]ems are constra1n1ng 1ndreased‘

agricultural production. ' .“"
!

b.  Distribution systems and their efficiencies, water suppTy
1

management from the source of supply, and the managemenﬁ

of the physical system on farms. This includes an examﬂnation
of conveyance efficiencies, fie]d app]ication efficiencfes

and how on-farm improvements (conveyance channe]s, f1e1d

outlets, and other farm structures) can 1mprove the use‘
) !

N ,Vll':
"c. Soil and water management and crop water use wh1ch g1ves£

of water.

focus to irrigation scheduling,, t1m1ng, f1e1d app11cat1on,

irrigation practices, soil fert111ty, and water remova]‘
A

d. Crops and Rainfed farming. So11 mo1sture management crop

se]ect1on and crop quality to meet 1ncreased quant1ty and

quality of food product1on ['jffff}lt§, | ~,7.‘[:f

e. Agro climatic. Improved record1ng and use of agroc11maﬂ1c

data and est1mat1on of frequency and t1m1ng of supp1ementa1

irrigation requ1rements.

f.  Economic analysis. Which’have a farm management‘focuSithf
ascertain costs and returns to irrigation by crops'and ‘:‘
of crops, cropping systems, research with a focus on ;:
- agronomic pract1ces for dry land and 1rr1gated crops Comparat1ve
#Tstud1es on d1fferent types of 1rr1gat1on systems, the demand

| ,ijor water and water contro1 by farmers h1dden costs 1n
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A 1rr1gat1on and the overa11 eff1c1ency of a1ternat1ve systems
'of management and contro] w1th1n the context of the present
‘comp1ex agrar1an structure A]so ana]yses of the humanI
and foss11 fuel energy costs of a]ternat1ve types of 1rr1gat1on;
| Ana]ys1s of effect1veness of var1ous methods to convey water [;d’

to farmer's fields. h | :

SOcia1, legal, and Institutional Factors. Methods to imbrove'
the benefits of irrigation to small farmers, tenants, share-
croppers, and homesteaders. Water policy and codes re]ated
to 1and‘and water rights, and forms of farmer organizations
which w111 work most effect1ve1y W1th1n the rura] soc1a1;”
structure Constra1nts research to 1dent1fy and remove :
constra1nts in the eff1c1ent use of water An exam1nat1on

of the present water policy and codes for suggesting changes

which will provide the 1ncent1ves.toywater users. :;:

Social organization to diSCoyer‘hom;fWhere and under what' ¢
conditions farmers cooperatehin”the»use{of co]Tectivé doods. ‘
Evaluations of the CARE, FAO, andaotheriprograms to:ascertain‘
what forms of cooperation are emerging. AsseSsment of the |
proposed costs of legal water user assoc1at1ons under the v
cooperative, societies, or other existing 1eg1s]at1on. $tudy y
of linkages of farmers with organ1zat1ons des1gned to serve S
;’them to ascerta1n quant1ty and qua11ty of serv1ces prov1ded
Studies of most effect1ve forms of extens1on serv1ces such
as convent1ona1 extens1on system tra1n1ng and v1s1tat1on
approach, use of paraprofess1onals or farmers 1n extens1on,

and ro]e of ¢ a farm water management adv1sor.y
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i:  Water supp]y Estimates of ground water supplies and recharge :

in order to deveiop a coordinated and rationa1 pump and
surface water use and management program

j. Water Quality. Examination in se1ected areas the effects

of pumping on salt water intrusion 1n the rivers and farm
land. Study of consequences for f1Sh stocks and effectﬂ
of extensive pmping on ground water quality. | :

2. Difference approaches in farmer'organization‘ The study:
of present effective farms and f1ex1b1e experimentation w1th good
evaluation to ascertain most effective approaches Forma] vs. 1ega1
organization under various 1ega1 acts centraiized vs decentralized,
block organizationwvs command area organization, 51ng1e vs mu1t1-"
purpose, etc.

3. P1anning and proaect imp1ementation A national water resourcel

deve1opment strategy is: needed which W111 prov1de commitment and guidance;r

Assessments of p]anning capabilities and management prob1ems for proaectfi
needs to be examined. v | c;’frl ’
4. Institutiona] tinkages. Local institutions which‘conduct
policy, appiiedfresearch, and implement programs needed to”be evaiuatedfd.
and improved. Universities and training schools uhich~provide training‘:}
in 1nterdisc1p11nary methods are needed in univer51t1es research o
1nst1tutes and training centers if the required manpower is to be |
avai]able.f.An inventory of all organizations in Bangladesh shou]d:g
be made'to assess the institutionaivcapabi1ity for long-term irrigation;,
improvement At present, very few understand on-farm water management

: 1n 1ts entirety because 1rrigation has been dominated from the 1950 3

fiw1th big structures and wells t051mp1y de11ver waterato,command«b":

Ciawmane
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| 7_;5; Tra1n1ng ' If there is to be a 1ong term focus on 1rrjgat1on[h
- 1n Banq]adesh to solve problems at the farm 1eve1, spec1a1 tra1n1ng
programs shou]d be developed. Tra1n1ng shou]d prov1de sk\11s 1$
pr1or1ty prob]em 1dent1f1cat1on, deve]opment of so1ut1ons assessment

of techno]og1es, and p1ann1ng, 1mp1ementat1on mon1tor1ng, and eya]u-m
ation of 1rr1gat1on systems The mode of tra1n1ng shou]d be 1nter- ?
disciplinary and along with some graduate academlc tra1n1ng for|a

few selected positions. A focus should be on short term tra1n1ng

for engineers, mechanics, economists, 5°C‘°1°915F5i and extens1on o
workers, to assist farmers.

Selection of trainees is. 1mportant Idea]]y se]ect1on cr1ter1a
shou]d include a period in the" f1e1d for the f1rst tra1nees W1th existing
programs. Academic tra1n1ng 1n1t1a11y shou]d be for a selected number
who will find positions 1n organ1zat1ons comm1tted to on-farm water
management. A corps of 1n1t1a1 tra1nees may need one year of oyer-
seas training in degree or nondegree tra1n1ng, where overseas degree
tra1n1nq is 1nvo1ved the thes1s shou]d be done in Bang]adesh on,prob]ems L%

‘relevant to improving the 1rr1gat1on system. Spec1a1 observatlon |
training tours for selected 1nd1v1dua1s should be made ava11ab1e in
third countries to learn what developments are taking p]ace.

The opportunities for investment in the provision of‘software |

}
to support irrigation development appear great. In particular training

and demonstration activities might be provided through short coorses,

grants to other agencies involved in institution building, fe]]bwship

programs, construction of schools and buildings, preparation ofitraining

materials specific to local conditions, sponsoring of country and

regional seminars and workshops.
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Main System vs. On-Farm

Lack of success of all types of proJects, ]arge and sma]] a11ke, “
to meet project outputs are 1n part attr1buted to a fa11ure of. the f
on-farm delivery system. There are no stud1es wh1ch have carefuﬂ]y
documented the exact course of fa11ure and recommended changes oh
the basis of those studies. Nevertheless, there is an abundancelof' :
untested solutions to the "on-farm problem," ranging from land reform

to field consolidation to collective farming to rotational jrrigation.
)

The review team recommends that USAID emphasize on-farm deljvery
|

in any project which they might undertake. The team cautions against
i

acceptance of any system, without first assessing the costs {(per'unit
]

area which can practically receive water) and benefits including'the
!

organizational costs involved.

Early vs. Late

The early versus late 1nvestment strategy is not part1cu]ar1y
re]evant under present c1rcumstances in Bang]adesh It is true that
some of the very ]arge proJects ‘have deve]oped 1n stages. In those
cases it is poss1b1e that lessons ]earned 1n the earlier stages m1ght
be applied in the second and later stages Th1s requ1res a capab111ty
of learning from earlier experiences and remembering the 1essonsJ

, !
The evaluation process coupled with personnel changes mitigate against"

any possib]e advantage in entering'a project at its later stages t
b

Then too the later stages of ] 1arge proaect are often qu1te diss1m11ar
I

to the ear]y ones and for a]] practica] purposes are actua]ly sephrate

proaects
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: Easy vs D1ff1cu1t

There 1s c]ear]y an order of d1ff1cu]ty 1n the USAID Irr1gat1on Rar
proJects current]y under way and under cons1derat1on From eas1est
to most d1ff1cu]t the team ranks the proJects as

1,.) Hand‘pump proaect

2. Sma]] scale 1rr1gat1on proJect (proposed)

3. Integrated land and. water management prOJect (proposed)
I

Here a degree of d1ff1cu1ty is seen to have a d1rect re]at1onsh1p |
I

with the management and organ1zat1ona1 component of the proaect.s To
. i ) e '

an extent the complexity of management and:organfzathn depends on

. !
how the project was formulated and not with differences in the overall

development task in the project area. For examp]e the hand pump
|

project never concerns itself w1th how the farmers .can most effect1ve1yﬁ
‘ N

allocate the water from the1r hand pumps, the supp]y and use of(comp11;5
i .

mentary inputs, the poss1b1e ro]e of womenr1n vegetab]e'gardenjng_h;pi
and the pumps 1mpact on that ro]e and so on
It is not at all obv1ous 1n th1s case that the s1ze of the|proJect§

5 o
payoff is postively re]ated to the degren of project d1ff1cu1ty The =

o‘,
SR
ana]ys1s provided of expected prOJect benefits are not suff1c1ent1y

great to estalbish any probab]e relationships.

Given the mission's lack of experience with complex and difficult
1
projects in irrigation and the present restructuring of in-house supportive

research and monitoring capability, the team suggests that the mission

1

undertake difficult projects with great caution. ;
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GENERAL OBSERVATIONS ON USAID PROJECTS
AND PROJECT PROPOSALS e

The current round of USAID 1rr1gat1on proaects and proaect
proposals seem to have given m1n1ma1 attent1on to two 1mportant areas n
(1) the possibility of using 1rr1gat1on water on crops other than ‘
paddy--part1cu1ar1y vegetables and (2) the ro]e of women in agr1cu1ture

and the impact of the new 1rr1gat1on techno]ogy on that ro]e

Vegetab]e Production

Vegetable production and consumpt1on has a potent1a11y very 1mportant
role to play in raising the nutr1t1ona1 status of the peop]e of f-‘3;'
Bangladesh, particularly the rural poor. Often vegetah]es,areagrOWn E
during the winter season on small plots tended by women. Provision |
for irrigation water and improved varieties and husbandry technfques -
have the potential of substantia]]y contributing to nutritionaT'statust’
Hand pumps in particular may be very appropr1ate for household vegetab]e
gardening. In fact, the preproaect survey of handpump users’ wh1ch
was done to establish the benefits from hand pumps showed that 27
percent of the handpumps were being used to irrigate at least sdme

vegetables. All of the projects both on-going and proposed have the

potential for vegetable production. The survey team recommendsfthat

exploitation of this potential strongly be considered for incorﬂoration

into the project.




ThevRo1e of Women

The effect of 1rr1gat1on deve]opment on the ro1es of women has
not been ser1ously cons1dered 1n proaect p1ann1ng and 1mp1ementat1on
This seems an unfortunate over51ght because undoubted]y they p]ay -
1mportant roles 1n dec1s1on mak1ng, organ1zat1on and are a parﬁ of
the agricultural labor force.

The survey team recommends that the role and contribution of

!
women in irriqgation project planning and implementation be seriously
|

considered. The team feels this will be to the benefit of all of
|

the projects. To date attention to women's roles has been cursory

at best.

Nutrition and Irrigation

‘ T L TPy

The problems of hunger and malnutrition in Bangladesh are well

documented, Figure 2. Indicated in the Nutritional Survey of Rural
!

Bangladesh 1975-1976 areVSOme start]ing facts such as: the boys'and
girls of age groups of 1 to 15 are all rece1v1ng less than the minimu
calorie requ1rement and the greatest def1c1ency is with the younger
members. Lactat1ng and pregnant mothers are def1c1ent by 32 percent

The calcium def1c1enc1es are extreme for both. sexes and at a11 i
ages, but most severe in the age group 1 to 3 yearsxwhjch,reoetge:;J?
only 32 percent of the minimum requirement.

A deficiency of Vitamin A is preva]ent,inlaTJ ageggFaybgggﬁﬁjiff
less than 50 percent of the daijly requirement:ie consumed”

The consumpt1on of V1tam1n C is below the requ1red amounts and

much be]ow 1n the younger age groups
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Surpr1s1ng]y, all but the age groups 0 3 rece1ve the m1n1mum
protelnfrequ1rement or\more There 1s, however a genera] def1cﬂency
of rib‘oleaVin‘i. |

An extended program of vegetable product1on should be 1nc1uded

in any 1rr1gat1on proaect des1gn and 1mprovement or exten51on VegetaoleSjgj

offer the best means of providing a ba]anced d1et for the rura] fam11y
A design of the systems should cons1der prov1d1ng the fam11y garden
area with 1rr1gat1on water for all seasons ,

One way to measure the success of an 1mproved 1rr1gat1on perect
areas would be to monitor and evaluate changes in food consumpt1bn a

and nutritional status of def1c1ent soc1o econom1c strata in the'v111agesf;

to determine the d1v1s1on of benef1ts der1ved from the proaects b

Summarz The rura] populat1on 1s gross]y ma]nour1shed Th1s
is part1cu1ar1y true of. the young and pregnant 1actat1ng women
Irrigation can enab]e the grow1ng of vegetab]es which- can mater1a11y

improve the nutr1t1ona1 status of the farm families.



