Protecting irrigation investnent:

the drai nage factor

There is no sign of irrigation falling
fromfavour with farnmers, govern-
ments, or aid donors. it renmins the
plinci pal means by which climatic
constraints are overcone to increase
food supplies, and it is assunmi ng an
increasingly inportant role in the
Third World, where. according to

Wirld Bank estimates, there are now
160 mllion hectares under irrigation
While this is only 20 per cent of al
harvested | and, it receives 60 per
cent of applied fertilizer and accounts
f0O: 40 per cent of all crop output.
The cunul ative investrment is $15
billion and it is still growing at two
per cent per year. It is the favourite
' sector for aid donors, receiving one-
fifth of all assistance allocated for
food and agricul ture.

But irrigation investnent al so has

had | oud critics who enphasi ze such
mattei s as the huge costs ($2 000

10 000/ ha) which are often under-
estimted, the delays in construction
the yields bel ow forecast. the poor
financial perfornance, and the envi -
ronment al damage to human heal th

and to the soils.

This article concentrates upon the
growi ng probl em of soil waterl ogging
and salinity, which threaten to destroy
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the food-produci ng capacity of the
irrigated lands of the Nile, Euphrates,
I ndus, Ganges. and nany other arid-
zone river basins. Drainage is also
required in the hum d tropics where
rice is the domnant crop in order to
bring about sound water contro
necessary to obtain high yields. The
aid | obby, such as those responsible
for Brandt Report, specifically nen.
tion large-scale irrigation basins as a
nmaj or area for agn’cultural investnent
and production expansion. But in

nost irrigation areas drainage, re-

cl amation, and water control pro-
jects are needed now. FAO estimates
that 50 per cent of the world' s irri-
gated land is salinized to the extent of
af fecting productivity. In Iran,

Irag, Egypt, and Pakistan nore than

70 per cent of the farmand is so
affected. India has 5-7 mllion hec-
tares affeeted. Winevet evapontion
exceeds rainfall, salinity is a risk.
Where hi gh sodi um content |leads to

al kaline soils, with a consequent
toxicity, loss of structure and per-
meability, then reclamation is tech-
nically extrenely difficult and ex-
pensi ve. Were al kaline conditions



occur, there is virtually no econonic
solution, and this problemis reputed
to be increasing in parts of northern
I ndi a, Pakistan, southern Russia. Af-
ghani stan, and Iran. 3

Consci ous Meet. Drai nage has not

- been undertaken because the effect
of waterlogging and salinity is general -
ly slow to becone apparent; renedia
neasures are expensive; in already
irrigated areas, the |l oss of |and and
di sruption to existing farm structure,
roads, and canal s wuses | ocal op--
position; maintenance of drains is
costly and requi xes careful nmanage-
nment. Governnents, already hard-
pressed for financing, will have to
regard drai nage ass a public sector

i nvestnment; there is very little scope
for |evying charges agai nst farnmer
beneficiaries. - _

Dr ai nage has been consciously ne-

gl ected by iniption advocates. In md
I ndi a and Paki stan, devel opers have

| ong recogni zed eventual drai nage
needs but they deferred expenditure
on grounds of political expediency
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and finance. As has been noted,

unlike irrigation, drainage is unpopul ar
with farners since it requires sub-
stantial anounts of |and, approaching
15 per cent in the case of open drains.
and gives in return a benefit that is
not obvious, is delayed, and is indirect
at arelatively large cost. SH Johnson
brilliantly reviews the irrigation ex-
peri ence of Pakistan and argues that
now massi ve i nvestnent in drai nage

is inevitable if the Indus Plains are to
sustain, at targeted living standards,
the 130 million who will inhabit the
region in the year 2000. 3 He con-
cludes that no alternative is available
and, nost depressingly of all, that

nost of the costs nust be borne by

the users of irrigation. This is daunt-
i ng because the Pakistan Gover nnent

has not managed to nake even the

rich, anong what are nostly | ow.

i ncome farners, pay nore than 50

per cent of the recurrent costs of
irrigation supplies. W can anticipate
that drainage levies will be politically
and admini stratively nore probl ema-
tical, even if the present trend to pay
farmers higher prices by reducing in-
direct taxation of agriculture conti-
nues.

Wat er | oggi ng, and nost forns of
salinity, are the direct consequences
of poor water managenent and in-
adequat e drai nage or sel ection of

wong sites in the first place. Various
sympt ons of danmge from defective

drai nage are still all too often re-
garded as an unexpected indirect cost
of irrigation devel opnent. For exam
ple, in Egypt, with its long experience
of irrigation, there was di sappoi nt nent
verging on surprise at the extent and
formof the deleterious effectsoflthe

| arge additions of irrigation water
fromthe Aswan dam first on the
groundwat er regime then later on

crop yields. The damage has forced

the CGovernment to adopt a nationw de
drai nage progranme that has absorbed
the major part of the Mnistry of
[rrigationis capital budget in recent
years.

The best technical neans of drainage
and the optinum operating system are
not well tested. There is a need to
assi st poor countries with finance,
techni cal assistance, and pilot projects.
potranspiration of plants and any

| ateral export by underground seepage
or rempval by drainage

Reducing fam ne risk. On the |l arge
alluviumriver basins, before nodern
barrage controlled irrigation, there
was very little problemfromwater-

| oggi ng as the watertabl e was generally
bel ow four metres and annual inflows
and outfl ows were in bal ance. Even

Once this phase is over there will be



a major role for aid donors with | arge
resources, a long-term perspective, and
an environmental consciouness. The
econom cs of drai nage shares sonme of
the probl ems of conservation. soi
erosion, and tree planting. Primarily
because of del ayed benefits the rates
of return are likely to appear |ow but
the instinct is to proceed in spite of
this. On long-termirreversible mat-
ters, the econonic cal cul us sonetines
appears fragile and deficient.

Drai nage is going to be required
whenever the groundwater equilibrium
is disturbed so that the watertable
rises to the plant root zone. This

wi || happen when the sum of incom ng
vertical seepage from precipitation
rivers, canals, watercourses, and fields
plus | ateral seepage exceeds the sum
of evaporation fromthe capillary
fringe of the groundwater and eva-
Salinity is a risk

wher ever evaporati on exceeds

rai nfall

the huge ni neteenth- and early twen-
tieth-century barrage canal commands

of the Indian subcontinent did not

lead to a general rapid rise in under-
ground watertabl e | evel s because the
design ained to spread water thinly
over a large area. Certainly in some
areas there were | ocal problenms when,
for exanple, badly aligned canals cut
across natural drainage |lines increasing
the risk and duration of period flood-
ing. 4 For the nost part any rise

in groundwat er | evel s was sl ow because
the main objective was to protect as

| arge an area as possible from drought
to mnimze famne risk and to provide
the financial benefits of irrigation to
as many | andowners as possi bl e, which
was in turn expected to benefit the
gover nment exchequer. Typically



these early irrigation projects lead to
cropping intensities |less than half that
theoretically achievabl e.

The effect of protective irrigation
was primarily to encourage farners

to under-irrigate in trying to cover as
large a part of their land as possible.
This was rational for them because

wat er was the scarce factor of produc-
tion. conpared withtland and | abour

and the highest average return to
water cane fromlight irrigations.

Wth sinple. traditional agricultura
technol ogy and poor infrastructure,

the irrigation water response function
for a given season is |ow and very
flat; hence the optimum water appli -
cation is nuch less than the potentia
evapotranspiration which is usually
advocat ed by extension agents. Ra-
tional farmers, maximzing the return
per unit of scarce water by increasing
the area cultivated, hel ped prevent
wat ert abl e buil dup as seepage | osses
fromfield were negligible. Unfor-
tunately under this irrigation reginme
the small quantities of salt present
inirrigation water ( for exanple.
300-400 parts per mllion total dis-
solved solids in Indus water) gradually
build up in the profile, and soil I|each-
ing is eventually necessary to prevent
saline soils and salt danage to crop

gr ow h.

Resear chers who focus at the water-
course or farmlevel have found under
ext ensi ve and intensive systens | osses
rangi ng from 25-30 per cent to 40 per
cent.5 Qthers report team findings

that indicated nost | osses occur
through the banks and at junctions.

t ,. They recomended realignnent and
consol i dati on of the banks and con-
crete structure at junctions. saving up
to half the water while achieving

nore than double the crop produc-

tion. 6

Leaching of salts by heavy irriga-
tion. plus seepage fromrivers. canals.
and wat ercourses, caused a nornally-
slowrise in watertable in many irri-
gation projects. Poor field applica-
tion efficiency and unlevel fields

add to the problem For exanple,

in Khairpur. Pakistan, the watertable
rose by 10 cm per year between the
early 19305, when Sukkur Barrage

was opened, and 1965. By this tine

the position of farmers was serious
because the average watertable depth
was now | ess than two metres. This

led to evaporation-fromthe water-
table resulting in a rapid increase in
surface soil salinity. Furthernore, as
watertables rise there are serious
negative effects upon the rooting
patterns of .deep-rooting plants. such
as tree crops and cotton, at first.
then eventual | y upon shal |l owrooting

pl ants, such as wheat (see Figure |l). 7
Unfortunately. farmlevel data on



the relationship between crop yield
and waterlogging or salinity is not
avail able in sufficient quantity to
service the | arge-scal e and diverse
public investnent programres. Drain
desi gners and economi sts are both
working with limted and crude in-
formati on. Furthernore. where field
trials exist, the evidence is obscured
by other factors affecting yields so
a clear relationship to aid detail ed
design is seldomfound. 3

An accel erating problem Over the

| ast 25 years the rate of salt build-up
and insidious rise in watertable in
irrigated | ands has substantially in-
creased. This has arisen because of

a switch from’iprotective irrigationv
to a drive for increased intensity of
irrigation. There are technical, en-
gi neering, agricultural. and economc
reasons for a switch in approach
toward intensive irrigation

Productive projects to supply nore
water to agriculture came as a result
of the ready availability of capita

fi nance and subsequent advances in
the engineering field in water storage
dam desi gn and eart hnovi ng and

ot her construction technol ogy, an

i ncrease in the denmand for hydro-
power and inproved ways of creat-

ing it, new approaches to ground-

wat er expl oitation and appreciation of
opportunities for water saving at the
field level. Al these devel opnents
contributed to the creation of at-
tractive projects to supply nore water
to agriculture. However, these oppor-
tunities were seldomlowost, and it
appear ed nost economic to put
additional water into the existing net-
wor k of the under-used irrigation
facilities. In Egypt, India, and Paki-
stan, the best |lands were already ir-
rigated, so intensification began by
1 switching seasonal canals to peren-
ni al operation. The next stage was to
renodel the existing canals and

wat er courses to take additional surface
wat er. Subsequently, since the late
196053’ gr oundwat er devel opnent has
been undertaken on a grand scal e.

At first this was not efficiently han-
dled by the farners and the seepage

i ncreased. This wastage added to the
grow ng drai nage probl em

Whenever there is fallow | and

laid out for irrigation there will be
various pressures upon the engi neers.
who typically nmanage schemes, from
the cultivators and | andowners for
addi ti onal water. Many water manag-
ers have succunbed to those pressures
and nmany canal s have been run bank-
full, much above design. with increas-
ed seepage and nuch waste when
canal - bank breaches occurred.

At the time that engineering de-

vel opnents gave an incentive to
irrigation investnment there were ad-



vances in agronony characterized as
the green revol ution technol ogy which
added further inpetus. New varieties
of crops energed fromresearch
institutes. particularly wheat. rice.
nmai ze. and sugar cane. that responded
to fertilizer, that could nore than
repay the costs of crop protection

and additional attention to soil cul-
tivation techniques. This shifted

the optimumirrigation strategy of the
farmer from extensive cultivation of a
large area to intensive cultivation

In econom c termnol ogy, there was

a conplementary, or nore than

addi tive, response to simultaneous
application of the package of nobdem
agricultural inputs including irrigation
water. This inplied an upward shift

in the response curve for water,

gi ving hi gher yields for any |evel of
wat er supply. In short. it paid to
apply nore water per hectare and the
drai nabl e surplus was again increased.
The effect of these changes in
irrigation intensity is illustrated in
part of the Lower Indus in Pakistan.
Bef ore 1923 when perennial irrigation
was introduced the watertables were
bel ow four netres; 50 years |ater

75 per cent of these areas had water-
tables less than 2.4 m

There are limts to the process of

wat er | oggi ng. Water would not rise
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M ge;

to the surface throughout the irri-
gation areas. Increased salinization of
| and woul d reduce irrigated demand

and canal discharges woul d have to

be cut. The high watertables woul d
intumresult in greater rates of evapo-
ration fromthe subsoil watertable.
Reduced inflows and increased eva-
poration would in tine produce an

equi | i brium and watertable would
stabilize at an average of perhaps
0.5-1 m To farmthis successfully
requi res high standards of farm man-
agenent and a regular and reliable
irrigation supply. Even with good
managenent, it is likely that severe
problems would arise if the ground-
water is highly saline (nore than

3000 ppn) and after stornms (a | O-cm
stormcan raise watertables by a

netre) for several days. If the ml-
lions of hectares of irrigated |and that
are at risk, but which prom se so much
for lowincome farmers in the arid
zones, are to be safeguarded from

di sastrous deterioration, there appears
to be no alternative but to drain them
Salt export is generally required.

It is extrenely rare for a satisfactory
| ocal solution to be found for dis-
posing of salt that is also a satisfactory
| ong-term sol ution. Each year rivers
such as the Nile and the Indus with
total dissolved salts of 200-1000 ppm
bring in mllions of tons of salts.
VWereas in the past nost salt would

be flushed to the sea in floods, now
nost water is stored and consuned

by irrigation. For many nonths

of the year such great rivers as the
Ni | e and I ndus di scharge no water

to the sea. Therefore the irrigated

| and: have virtually becone’ Huge
evaporating pans and salt stores.9
Al'ternative technical solutions.

Dr ai nage engi neers have to deternine
the best technical means of obtain-

ing watertable control and the opti -
mum depth to the watertable. W

can see fromFigure 2 that if we
reduce the watertable below 2 m

there is no drai nage constraint to
typical crops. Figure 1 also showed
that in Indus alluviumto reduce eva-
poration fromthe watertable to one-
tifth of the maxi mum |l evel the water-
tabl e shoul d be below 2 m

The econonic problemis that the
greater the depth that the water is
drai ned the hi gher the costs. Punping
costs are directly proportional to
height lifted and capital costs, es-
pecially for open drains, also increase
substantially. The nmain technica
alternatives _to irrigated |and drai nage
bei ng consi der in Pakistan are

hori zontal drains-open or tile drains,
and vertical drainage with tubewells.
To apprai se projects for drai nage



i nvest ment these options have to be
conpared with each other and the

ildo nothingll alternative. This wll
result in the abandonment of certain
areas where salt will accumul ate as

it is leached fromcultivated areas.
Abandoned | and becones a salt sunp
and in effect provides Ildry drai nage?
Open drains use |and, and once
installed the governnent would face
enornous costs for bridges and ot her
structures over disposal channels in
addition to | and conpensati on costs
and sorme, if not all of the operation
and mai nt enance costs. Econonists
argue that |and conpensation costs
are nerely transfer paynents and
therefore donlt affect the econonic
assessment. Al though this is technical-
Iy correct, we should note that eco
nomcs is butone test of feasibility,
and pl anners know t hat raising revenue
to pay conpensation costs is neither
sinple nor costless. In addition to
presenting funding problens relating
to conpensation, open drains present
management problens in that they

are the nost disruptive choice of

drai nage technology to the existing
pattern of agriculture and will create
the nost political problens. Genera
mai nt enance and weed control prob-

| ens are inevitable-and drains are
often a source of health hazards.
Poorly maintained drains are breed-

i ng grounds for nosquitos, bilharzia,
infected snails, and other harnfu
vectors of disease. In silty alluvium
soils, slumping sides of drains wll
cause difficulties. In short, open
drains, while a technology that is
simply executed, presents severe fman
cial problens in construction and
management probl ems in operation.
Tubewel | boom Tile drains have
received a big boost in recent years
by devel opnent of new tile-1laying
machi nes and | ong-1ength perforated

pl astic pipes. Relatively static oil
prices have made plastic pipe a rel a-
tively cheap material conpared with
brick or earthenware alternatives. Nev-
ertheless tile drains are extrenel yex- K
pensi ve- about four times the capital 0 a
cost of tubewells with sinilar run-
ni ng costs unless the topography
allows a gravity outfall. In order to
obtain a mnimumof 1.5 nmetre

depth between collectors, the tiles

" nmust be about 2 netres deep and
spaced at 60 to 150 metres dependi ng
upon the soil pernmeability (say 0.5m
day on heavy soils ranging to | m

day on light soils).

One of the nost remarkabl e features

of the last two decades in the Indian
subconti nent has been the rapid ex-
pansi on of groundwater devel oprment
using public and privately installed
tubewel I's. I n Pakistan there are

186 000 private wells installed and



12 500 bi gger capacity public wells.
According to one Wrld Bank esti.
mate, the private wells in 1983 ac-
counted for about 80 per cent of the
punpage and approxi mately 30 per

cent of irrigation water reaching
crops.

VWere aquifers are suitable tube-

wel | drainage is in principle nore
efficient than any alternative. Tube-
wells are potentially relatively cheap
easy, and quick to install, a proven
technol ogy, al beit presenting manage-
ment problems, and they can contro
the watertable at any depth. In
practice in Pakistan public wells have
proved difficult to install, maintain
and manage in saline and fresh ground-
water areas. Private wells in fresh
groundwat er areas often have poor
designs and suffer frominterrupted
power and fuel supplies. mTile
drains are nore expensive to instal



' (3850-1250/ha) than tubewells ($100-
400/ ha) and have slightly higher
operating costs. Open drains are
vastly nore expensive and present
unaccept abl e | evel s of nai ntenance

pr obl ens.

Despite engi neering confidence that
there are effective technol ogi cal sol u-
tions to the admttedly grow ng
salinization problem not all analysts
agree. One recent |lecological" cri-

ti que concl uded: ttWe have becone
trapped on a technol ogical treadmll,
which can only result in long-term
ecol ogi cal destruction. In that respect.
the experience of the US Sout hwest

is. as we have seen, particularly elo-
guent. Thus. in their thirst for water,
the inhabitants of the Southwest

have sunk tubewells and built huge
reservoirs. In their fight against
salinization. Anerica has spent a
fortune on technol ogi cal neasures of a
type which | ess prosperous countn’es
can ill-afford. Thus, they have |ined
irrigation canals, dug horizontal drains
and built evaporation basins. Now

that those nmeasures have failed to

sol ve the Sout hwestls water and
salinization crisis, the search for new
ttechnicall fixes has become increas-
ingly desperate: n’ver basin transfers
and the devel opnent of genetically-
engi neered salt-tol erant crops have
beconme the order of the day, but at

what financial-1"et alone ecol ogical -
cost? Sooner or later, the technica
fixes will run out: even now, as we

have seen,. many are proving too
costly to inplenent-ew tness the nas-
sive water transfer schemes which
have been proposed for the area.

The future is thus bleak for the US
Sout hwest -as. indeed, it is for Sind,
Iraq, and South Australia. How | ong
will it be before vast areas of those
regi ons are abandoned, their best
farm ands being transforned into un-

i nhabited salt encrusted deserts?" H
It is difficult to assess the drai nage
conponent of irrigation inprovenent
because the drai nage nakes feasible
and- in turn depends upon rehabili -
tation of the irrigation supply system
An early drai nage experi nent

on one of India '5 biggest inigation
schenes. in the Chanbal Valley

Fig 2
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and other conplenentary investnents
in water and agricultural inprove-
nment. The inadequately named Left
Bank Qutfall Drain in the | ower

I ndus includes additional surface water
supplies, surface water storage, cana
remerlling, intercept or drains for
canal seepage, on-fann water man-



agenment, projects. It is also dependent
on a host of ongoing agricultura
projects, including credit, seed supply,
and i nproved extension. |ndeed

there is a danger that if each project
conponent is forced to justify sepa-
rately its inclusion in a programre,
then essentially the same benefit nmay
be cl ai med by drai nage engi neers,
agricul tural extension. workers, and
others, to bet the fruit of their own
endeavours. Were the overhead

costs of devel opment are |arge and

i nconpl etely provided the attribution
of all marginal increases in production
to one known additional investment

is incorrect.

| npossi bl e task. The interlinking of

t hese components creates an enor mous
design problem Selecting the ap-
propriate scale of any particul ar part
of this investnent obviously requires
sone formof partial budgeting but the
possibility of so doing is limted by
speci fication problenms and correl ation
among the conponents. In practice
Fig. |
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a core nodel of the final plan is
devel oped and refined by nmargi na
adjustnments tested using a variety

of criteria including technical, eco-
nonmi c, financial, political, administra-
tive legal, and environmental cri-
teria. 1 2 .

The i npossible task of attenpting

to estimate the returns to conponents
of an interdependent systemis further
conplicated by the failure of experts
19 Ceres 106
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to find any agreement on the overal
econom cs of schenes.

Conventional | y drai nage of irrigated
land is considered to be a collective
good that cannot be econonically
undert aken by individuals. This
assunption rmust be questioned be-
cause farners in various parts of the
wor | d have produced individual, pri-
vately financed, nicro-drainage pro-
jects. Indeed in those areas where
extensive irrigation has been devel oped
with average intensities over the gross
area at say 50 per cent or |ess of
potential, it is doubtful whether

"regi onal drai nage by groundwater
punping will ever be econom c.

Schemes will have to be |ocalized
public or private tile drains or open
dr ai nage schemes.

Private investnents in drainage are
likely to be nost critically eval uated
by farmers, and as a result the form

and extent of drainage will be nore
inline with market signals benefits
than will public schenes. However,

in many circunstances public sector
analysts will find that markets are
providing distorted price signals. such
as high indirect taxes on crops or
overval ued exchange rates that prevent
farmers receiving appropri ate eco-
nom c indicators. This will distort
their private investnent and con-
sunption patterns but in principle
subsidy or tax policies can be de-
vised to correct these distortions.
For exanple, in Egypt some private
farners are digging deep open drains
through their farns. If this fails to
drain effectively all their farm (as
reveal ed by differences in condition
of crops close and distant fronl the
drain), they dig two parallel drains on
either side of the first drain. The
spaci ng can be hal ved agai n unti

the whol e fann has the desired fal

in watertable. The water may be
punped froma sunmp back onto their
fields, into a canal or to low |lying
abandoned areas. Gotch and Dyer

nmake an appeal for study of such

i honest eaderi, endeavours before

| arge-scal e public schenes are under
taken. 13

In this way private farnmers are
coping with the twin problens of

wat erl oggi ng and salinity. Private
farners are doing this in a country
where farm product prices are de-
pressed far bel ow world prices by
government actions designed to main-
tain | ow urban food prices and to tap
agricultural exports for revenue. The
opportunity cost of |abour is |ow at
certain periods of the agricultura
cal endar in Egypt which makes the

di ggi ng of drains feasible. However,
it is unlikely that the drai nage water
woul d be punped if the subsidized



1n the last 20 years,

public and private tubewells have
proliferated in India

energy prices were raised to world

| evel s while output prices stay under
the present price reginme. In such
econoni es econom sts can play an

i mportant part in devising tax and
subsidy or nodifying existing poli-
cies that will encourage farners to
nake an optimal |evel of investnent
fromthe public sector viewpoint.
Once a public sector drainage

schene is installed the problens for
the public sector will be far from over.
For exanple, the prospects for reve-
nue generation fromfarners served
by new drai nage are not very pro-
msing. In addition to the norm
probl ems of taxing | owincome farm
ers that are encountered with irri-
gation charges. drainage faces addi -
tional problens including:

- psychol ogical and political at-
titudes of the farmi ng comunity
that regard drainage |ike roads. not
directly productive and an overhead
and therefore a Governnent responsi -
bility: ,

. it is argued that on-farm drai nage
will not be conpleted and nuai ntai ned
if charges are |evied. Indeed many
farmers will be | ooking for financia
conpensation for lost |and rather
than face payi ng charges;

- downstream farnmers will argue,
often correctly, that it is upstream
salt disposal problens which in part at
| east create the need for downstream
recl amati on and drai nage. Hence it
foll ows that downstream costs shoul d
be shared with upstreamusers. This
is an argunent that is not likely to
have nuch appeal to upstream farmers
whet her they are on the upper reaches



of the Col orado or of the Indus;

- current drai nage problens were

created by past m stakes. Farmers in
years past have reaped an externa

econony by farm ng without drain-

age thereby raising the watertable

and adding salt. Should current

farners pay for these historical unpaid
costs, or should the government pick

up the bill for their previously short-
sighted regul atory policies.

A chal l enge for arid zone devel op-

ment authorities in the 19905 will be
how to protect the increasingly pro-
fitable and politically inmportant irri-
gation areas from sel f-destruction

This will require all the technical
financial. economic, social. legal. poli-
tical, managenent. and administrative
skills that can be nobilized and

some very harsh choices on priority

areas will have to be nmde
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Since agriculture clains the bul k of



nost nationsl water budgets and is by
far the | argest consuner, saving even a
smal |l fraction of this water frees a

| arge anbunt to neet ot her needs.
Raising irrigation efficiencies world-
wi de by just 10 per cent. for exanple.
woul d save enough water to supply

all gl obal residential water uses. Yet
vast quantities of water seep through
unlined canals while in transit to the
field, and nuch nore water is applied
to crops than is necessary for themto
grow. The rising cost of newirrigation
projects, the limted supplies avail able
to expand watering in many areas, and
the high cost of punping are forcing
governments, international |ending
agencies,’and farners alike to find
ways of naking agricultural water use
nore efficient.

Most farmers in devel opi ng as

wel |l as industrial countn es use gravity-
flow systens to irrigate their fields.
The ol dest method, and generally

the | east expensive to install, these
systens distribute water froma
groundwat er well or surface cana
through unlined freld ditches or

si phons. Typically. only a snall

Sandra Postel L! on the staff of the World-
watch Institute In Washi ngton, DC. This
article has been excerpted, with the Insti-
tute’: permission. fromits annual State
of the World report.

portion reaches the crops root zone; a
| arge share runs off the field. Sprink-
[ er systems. which come in many
varieties. apply water to the field in
a spray. They use nore energy than
gravity systens and require a | arger
capital investnent to install, but they
have brought irrigation to rolling and
steep lands otherwi se suited only for
Idryl and farm ng. One design-the

centre pivot systemwas |largely re-
sponsi bl e for the rapid expansion of
irrigation on the US High Plains in
recent decades.

Drip or trickle irrigation systens,
devel oped in Israel in the 19605, sup
ply water and fertilizer directly onto
or below the soil. An extensive net-
wor k of perforated piping rel eases
water close to the plants roots,

m ni m zi ng evaporati on and seepage

| osses. These costly systens thus far
have been used mainly for high-val ue
orchard crops in water-short areas.
Today drip irrigation is used on about
10 per cent of IsraePs irrigated |and,
where experinents in the Negev

Desert have shown per-hectate yield

i ncreases of 80 per cent over sprinkler
systens. Introduced into the United
States in the early 19705, these sys-
tems new water nearly 200 000 hec-
tares and are slowy being used on row
crops too. In Brazills drought-plagued
nort heast, a project sponsored by the
5. .ltvu- ..- eru
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| nter-Anerican Devel opnent Bank is
experimenting with one design to
irrigate crops where farmincones

are | ow and water supplies are

scar ce.

Management the key. Mst irriga-

tion experts agree that the actua
Saudi Arabia. Pivot

irrigation systemon

out fodder crop

efficiency of water use obtained in
the field depends as nuch on the way
the irrigation systemis nmanaged as
on the type used. Although drip
irrigation may be inherently nore
efficient by design, the wi de average
range of efficiency for each system
40- 80 per cent for gravity flaw,
75-85 per cent for a centre pivot
sprinkler. and 60-92 per cent for a
drip system shows that nanagenent

is a key determinant. Farmers using
conventional gravity-flow systens, for
exanpl e, can cut their water demands
by 30 per cent by capturing and re-
cycling the water that woul d ot herw se
run off the field. Sone US jurisidic-
,tions now require these tailwater
re-use systens. Farners are al so
findi ng, however, that they often
nmake good econom ¢ sense because
punping tailwaters back to the main
irrigation ditch generally requires |ess
energy than punping new water’ from
the source, especially froma deep
wel | .

Partners can al so reduce water

wi thdrawal s by scheduling their irri-
gation according to actual weather
conditions, evapotranspiration rates,
soi|l noisture, and their cropsl water
requi renents. Al though this may

seem like fine tuning, careful schedulv
ing can! cut water needs by 20-30 per
cent. At the University of Nebraskals
Institute of Agriculture and Natural
Resources, a conputer programcalled
itl RRI GATE" uses data gathered from
smal | weat her stations across the
state to cal cul ate evapotranspiration
fromthe different crops grown in
each area. Farnmers can call a tele-
Sprinkl er systens, which cone

in many forms, apply water to

the field in a spray

phone hotline to find out the anopunt
of water used by their crops the pre-
cedi ng week, and then adjust their
schedul ed irrigation date accordingly.
The California Departnment of Water
Resources is launching a simlar man-
agenent systemw th a goal of saving
740 nB of water annually by the year
2010. The Departnent is al so denon-
strating irrigation managenent tech-
ni ques through nobile |aboratories
equi pped to evaluate the efficiencies
of all types of irrigation systemns-



gravity, sprinkler, and dn’'p-and to
recormmend ways that farners can use
their water nore efficiently.

I srael has pioneered the devel op-
nent of automated irrigation, in which
the timng and anpbunt of water
applied is controlled by conputers.
The conputer not only sets the water
flow, it also detects |eaks, adjusts
wat er application for wind speed and
soi |l noisture, and optimzes fertilizer
use. The systens typically pay for
thenselves within three to five years
through water and energy savi ngs

and hi gher crop yields. Mtorola
Israel Ltd., the main |ocal marketer
of autonmated systens. has begun
exporting its products to other coun-
tries; by 1982 over 100 units had
Saudi Arabi a.

Travel | i ng-gun inigation

on a sorghum pl antati on



been sold in the United States. |sraePs
overall gains in agricultural water use
ef ficiency, through w despread adop-
tion of sprinkler and drip systens and
opt i mum managenent practices, have

been i npressive: the average col umm

of water applied per hectare declined
by nearly 20 per cent between 1967

and 1981, allowing the nations irri-
gated area to expand by 39 per cent
while irrigation water withdrawal s

rose by only 13 per cent.

The best prospect. In the Third

Worl d, where capital for construction
of new projects is increasingly scarce,
better managenent of existing irri-
gation systens nay be the best near-
term prospect for increasing crop
producti on and conservi ng water sup-
plies. Lining irrigation canals, for
exanpl e, can hel p reduce water waste,
prevent waterlogging, and elimnate

the erosion and weed growth that

nmakes irrigation ditehes deteriorate.
Yet canal lining is expensive, and

ot her options may prove nore cost-

ef fecti Ve. Seepage fromcanals is not
necessarily water wasted since it

i ncreases the potential groundwater
supply. By coordinating the use and
management of groundwater and sur-

face water, as in the case of the Indus
Val l ey, the total efficiency of water
use in an agricultural region can be

i ncreased.

Farmers al so need control of their
irrigation water in order to make good
use of fertilizer and other inputs

that increase crop yields. Concrete
turnouts that allow farmers to better
dictate the timng and flow of water

to their fields, for exahiple, are being
built in India, Pakistan, and el sewhere.
At a pilot project in Egypt, funded by
the US Agency for International De-

vel opnent, inproved managenent of
irrigation systens is largely credited
wi th boosting hce yields 35 per cent.
Wat er savings alone will often justify
such investnents. By sone estimates,
better irrigati on nmanagenent in Paki -
stan could annual ly save over 50

knm8 - four tines the storage capacity
of the nationis Tarbela Dam at
one-fourth the cost of devel oping

new wat er supplies.

Rel i abl e eval uati on of the inpact of
irrigation projects is a difficult process
under the best of circumstances. Not
only are there nethodol ogi cal prob-

| ens that need to be resolved in order
to find a cost-effective and reliable
techni que for the evaluation of a spe-
cific project, but often there is also
built-in institutional inertia to be over-
conme before a serious evaluation can

be undertaken. Unfortunately, far too
much pseudo-evaluation is carried out
at present by both national and donor
agenci es nore concerned with the pro-



tection and enhancenent of individua

and institutional reputations than with
determ ning the real costs and bene-
fits stenming fromprojects. One

woul d i ndeed be hard-pressed to

identify irrigation projects in de-

vel opi ng countries that have been

noni tored and eval uated seriously and
conprehensively on a regul ar basis.

Poor nmanagenent, including |ack of
proper nonitoring and eval uation, has
neant that many projects are not pro-
duci ng the benefits expected of them
There have been many di sappoi nt -

ments during the past two decades.

Dr Asit K Biswas is President of the In ter-
mmi onal Soci ety for Ecol ogical Mdelling.
Oxford. England, and a former vlce-presl-
dent of the International Water Resources
Anodat | on. He recendy carried out I|npact
eval uadon of several investnent project:
in China, India, and Egypt.

For exanple, a review by the Cub du
Sahel and CI LSS concl uded that the

area under nodern irrigation doubl ed

in that regi on between 1960 and 1979,

but ugeneral ly speaking, during the

past few years, the devel opnent of

new areas has barely surpassed the
surface (area) of ol der ones which had
to be abandoned? A mmjor concl u-

sion of a workshop on uAid to Irri-
gation", convened by the Devel op-

ment Assistance Committee of the

CECD, was not only an expression of
general dissatisfaction with the per-
formance of |arge-scale inigation pro-
jects in devel oping countries, but also
the radi cal suggestion that for sone
areas of Africa itirrigation should not
be generally pronoted until existing
schenes were shown to be productive

and until well-tested technol ogy and
conpr ehensi ve pl ans have been pre-
pared? 1

There have been ot hef reasons for

pessim sm Nearly half of the world' s
irrigated area is afflicted with sone
degree of salinity or alkalinity. During
the United Nations Water C onference

it was estimated that by 1990. out of

92 mllion hectares of irrigated land in
devel opi ng mar ket econom es of Afri-

ca, Asia, and Latin Ameh’ca, 45 nml-
lion hectares would require inprove-
ment at an estinmated cost of nore

than US$22 billion at 1975 prices.
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I nigati on projects generally do not
appear to have contributed to equity.
An anal ysis of the experience of the
United States Agency for |Intemationa
Devel opnent (USAI D) indicates that
irrigation is i’at best a re-affirmation
of the existing social and economc

di stribution of assets. but nore
often, it will tend to exacerbate dif-
ferences in both incone and socia
prestige". 2 Oten the estinmates of
cropping patterns and intensities.
average yields, farmprices, enploy-
ment, and income generation, and

the availability of credit and inputs
such as pesticides, fertilizers, and
seeds, extension services, and mar-
keting facilities have turned out to
be pious hopes rather than reality.

In addition, environmental and health
costs of irrigation projects have been
substantial. 3

On the positive side, it is undeni-
able that tinely, reliable and well -
managed water supply and its effective
use is a crucial requirement for the
nodern hi gh-yi el ding agricul tural pro-
duction, Al though only 20 per cent

of the worlds agricultural land is now
irrigated, it provides 40 per cent of
total agricultural output. Cearly,
the world food probl em cannot be

resol ved wi thout adequate water con-
trol

Undoubt edl y, one maj or reason for

the extrenes of optin smand pessi -

m sm concerning irrigation is the | ack
of effective monitoring and eval uation
of irrigation projects. Wiile this
process has received nuch |ip service
during the past decade, it has sel dom
been carried out conprehensively on a
conti nui ng basis. The anal ysi sof

USAI D s experience in irrigation pro-
jects indicated that nonitoring and-
eval uation activities of both donor and
reci pient countries have ticone in

for criticismfromeach group about
its own organization and about the
activities of its counterpart”, and
that iitoo little of it gets done by
ei t her group".

Eval uation framework. |nigation
projects are conplex to nmonitor and
eval uate, since a |arge nunber of

speci fic and specialized tasks have

to be perforned, both concurrently

and sequentially. in a coordinated
manner, by a variety of professionals
wi t h deci sions bei ng nade by | ocal

regi onal, national, and internationa
institutions which may have direct

i npact on the project. In addition

all the project benefits and costs, both
direct and indirect, are not confined
to the project boundary: sonme of

them can, and do. occur far fromthe

i medi ate area. Thus it is not easy

to define an area which could be said
to enbrace all of the projects im



pact s.

The tine dinmension of the inpact
presents anot her complication. Some-
times the inpact is inmmedi ate and can
be identified during inplenentation
phase or soon thereafter. At other
times, however, it may be del ayed and
thus may not be easy or even possible
to nonitor in the early stages. For
exanpl e, some unantici pated changes

in the environnment mght not easily

be identified until the project has been
operating for nore than a decade.
Salinity devel opment in irrigation
projects. can take 15 to 20 years
under certain circunmstances, but under
others it may take only two to three
years, dependi ng on physibal condi-
tions, drainage provided, effectiveness
of operation, and mmi ntenance pro-
cedures. This tinme _dinension also
nmakes the conpari son of inpact

among different projects a difficult

t ask.

Agricul tural devel opment projects
involving irrigation can logically be
arranged into four interrelated | evels
for nonitoring and eval uati on pur-
poses. The first covers the planning,
desi gn, and construction of the physi-
cal facilities; the second, operation
and mai ntenance, especially of irri-
gation, drainage, and hydropower
generation facilities; third, agricultura
production; and finally, achi evenent
of soci o- econom ¢ objectives.

The easiest task. O these four

| evel s. probably the easiest one to
handle in terns of nmonitoring and
evaluation is the first. This is also a
di screte phase, which is conpleted
once the construction of physica
facilities is conplete. In contrast,
the other three levels require con-
tinual nonitoring and eval uation dur-
ing the project |life to ensure that the
systemis operating at the desired
efficiency, and that the objectives

of the project continue to be net.
Sone forms of nonitoring and

eval uation of planning, design, and
construction have al ways been a com
non practice anong engi neers and
surveyors to ensure that projects

wer e proceedi ng on schedul e and

If projects are designed to be

| abour -i ntensive, the poor

are nore likely to share the benefits



costs were within budget estimates.
Thus. for engineering and technica
aspects there would normally be
techni cal inspection and cost-account -
ing systenms integrated within the
project. However. it is always worth-
while to review such existing or pro-
posed systenms to see if any further

i mprovenents can be made

There are sone areas at this |eve
where nonitoring is needed but sel-
dom carried out. except in an anec-
dotal fashion. For exanple. the

enpl oyment that is created during

the pl anni ng. design. and construction
phases of water devel opnent projects
is rarely considered to be an inpor-
tant criterion and. in nost devel opi ng
countries. is seldomexplicitly eval uv
ated in order to maxim ze potential
benefits. If projects are desi gned

to use | abour-intensive nethods from
the beginning. the poor. and especially
| arge nunbers of unskilled workers.

i ncl uding wonen. are nmore likely to
share in the benefits. To ensure

that wonen are rewarded on a par

with nen for the same anmount of

work. it is necessary to nonitor

wage levels. It is also inportant to
ensure that children are not enployed
in contravention of agreed interna-
tional conventions. Subcontracting to
small firns should be encouraged as
nmuch as possible to stinulate | oca
Over enmphasi s on nmechani zed agricul ture
coul d reduce enpl oynent potential and
| eave the poor worse off than before
busi ness devel opment .

O her useful information that coul d

be collected during this phase of the
activity include:

- classification of equipnment and
material s used by type, cost. and
country of origin;

- the degree to which farners
participate or are consulted on project
pl anni ng and design. including such
matters as canal alignment. an im
portant consideration in terns of
equity;

- the degree to which the project

was perceived as essential by |oca
authorities and the degree of their
participation in project planning, an
essential element for the long-term
sustainability of any project.

Alow priority. Operation and

mai nt enance i s one of the nost un-
derestinated aspects of irrigation pro-
jects in devel oping countries. If bene-
fits fromsuch projects are to be
realized on schedul e and specific
target groups are to be reached, it is
essential that these functions be
carried out efficiently to ensure that
irrigation water availability is re-
liable. electricity-generating facilities
properly maintained. farmers in the
tail-end of the system supplied with
their full quota of water regularly,



and the drai nage system functioning
properly so that salinity and water-
l ogging will not becone future prob-
lens. A review of past irrigation
projects indicates that npbst agencies
are generally not ready to undertake
operation and mai nt enance when the
constructi on phase of the project is
conpl eted. Judged by the actua
performances of both governnents
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and donor agencies, operation and

mai nt enance appears to have been
accorded low priority, at |east unti
recently. Funds avail able for such
pur poses are usually inadequate and
mai nt enance efforts are often post-
poned until a major crisis appears as
a signal of the projectis declining
efficiency. In crises, the probl em
faced is usually technically nore com
pl ex to resolve and involves nore
expense than if mai ntenance had been
carried out on a regul ar basis.
Prevailing attitudes and perceptions
anmong technical staff may present
anot her problem |In many coun-

tries, the design and construction
phases of water devel opnent projects
are considered to be gl anorous;
operation and mai nt enance assign-
ments are consi dered much | ess de-
sirable. The best qualified staff
often prefer to work on the forner
phase. | nexperienced or |ess com
petent staff tend to be relegated to
operation and mai nt enance.

Thus it is perhaps not surprising
that the efficiency of many irrigation
systens a decade after their con-
struction is often very |ow around
20 to 40 per cent. This nmeans that

60 to 80 per cent of the water drawn
into the system does not reach farm
fields.

But if operation and maintenance
standards are poor with respect to
irrigation facilities, they are even
worse in the matter of drainage.

Poor drainage contributes to salinity
and wat erl oggi ng, but since these
probl ems often take years to devel op
the magnitude of the threat is sel dom
recogni zed until it is too late.
Agricul tural production. The fun-
danental objective of any irrigation
project is to provide efficient water
control in order to increase the in-
cones of people in the project area.
But efficient water control per se is
not a sufficient condition to maxi -

m ze agricul tural production, which
si mul taneously requires other essentia
i nputs such as seeds, fertilizers, pesti-
ci des, equi pnent, and energy as well
as extension, credit, and marketing
facilities. All these factors need to be
consi dered in evaluations at this

| evel .

This will involve the collection of
informati on on the nost critical tinmes
for each croppi ng season, which can
then serve to allow better coordi na-
tion anong the various organizations
responsi bl e for different inputs and
services. An overall perfornmance
review, carried out at the end of
each croppi ng season, will be hel pfu
in preparing inproved plans for the
next cropping season



If the imredi ate objective of irri-
gation projects is to increase agri-
cul tural production, the ultimte goal
presunably, is not only increased

avai lability of food for people, but

al so higher income for both farners
and non-farners. How the additiona
benefits fromincreased productivity
are shared anong different groups

will determine to a considerabl e degree
whet her the soci oeconom ¢ objectives
of a project are being achieved. It is
thus extrenmely inportant to nonitor
the inpact of a project upon its pro-
posed beneficiari es.

VWiile it is quite possible that an
irrigation project many enhance em

pl oyment and i nconme potential of

| andl ess | abourers on fanmis and in

nei ghbouring towns due to intensified
agricultural activities, it is equally
possi bl e that an undue enphasis on
nechani zed agriculture associated with
the project could reduce overal

enpl oyment potential and render con-
ditions for |andless |abourers worse
than in pre-project times. Sinmlarly,
benefits fromthe project could

accrue primarily to larger farners at
t he expense of snaller ones, resulting
in income patterns nore skewed than
ever before.

Aside fromthe obvious factor of
income distribution, it is equally

i mportant to nonitor the inpact of

i ncreased i nconme on sone quality-
of-life indicators. Has increased in-
cone inmproved the quality of life of
people in the project area in terns

of higher literacy, inproved health
servi ces, provision of clean water and
sanitation, or is it being primarily
used for conspi cuous consunptic’'m as
has someti nes been the case?

Since some of these results may

not become apparent until 10 or 12
years after the project has becone
operational, the tinme factor is very

i mportant for this type of eval ua-
tion. Soci oecononi c nonitoring need
not be carried out as frequently as
noni toring of operation and main-
tenance or of agn’ cultural production.
Key vari abl es coul d be nonitored
annual ly; others could be surveyed
every two to five years.

Overall, fromthe managenent view
point, it is inportant that nonitoring
and eval uation be carried out on a
timely and regul ar basis so that deci-
sion nmakers can be made aware of
project results and fornul ate ap-
propriate alternative policies in tine
to reverse undesirable trends.
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