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Foreword

THE PRIMARY MISSION Of the International Irrigation Management Institute is to strengthen
national effortsto improve and sustain the performance of existing irrigationsystemsin the
developing world. Developing countries have made massive investments in irrigation
construction during the past few decades. But it has been found that most irrigation systems
are performing far below their potential. Most of the benefitsof irrigation construction have
stemmednot from efficientand productively managed systemsbut from the magnitude of the
investment.

As the demand for irrigation continues to increase, we, as many others working in this
sector, have recognized the need to improve the performance of irrigation systemsand the
importanceofimproved management toattainthisobjective. However, there has beenalack
of clear evidence to prove that the economic potentials of investment in rehabilitation or
modernization and improvement of management of existing irrigation systems are high.
While many studies have been carried out on the economic performance of new irrigation
construction projects, the economicviability of water managementimprovement programs
has been rarely demonstrated in a way comparable to the other studies.

Mr. P. B. Aluwihare and Dr. Masao Kikuchi have triedto fill this gap through this study
of the irrigation sector in Sri Lanka, in which they have made painstaking effortsto collect
data and adopt a succinctanalytical framework. | commend the authors for the important
contribution they have made to our understanding of the economic potentials oFirrigation
investmentsand the profound need for more research in this field of irrigation management.
| believe tre study is timely for Sri Lanka where new policy formulation in the irrigation
sector is going on, as well as supportiveof the irrigation sector in the developingworld in
general to strengthen itself toward higher performance in the “management stage.”

IIM1 extendsits gratitudeto the Japan International Cooperation Agency forthe support
that has made possible this research project and the dissemination of its resultsand lessons
in the form of this publication.

Roberto L. Lenton

Director General

International Irrigation Management Institute
April 1991
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Executive Summary

IRRIGATION HAs BEEN the most important strategic factor in agricultural development in Sri
Lanka andelsewherein monsoonal Asia. Major government effortsfor economicdevelop-
ment in general and agricultural development in particular have been directed toward the
development of the irrigation infrastructure. Now that such efforts, coupled with the
diffusion of seed-fertilizer technology, have brought Sri Lanka to a state of near self-
sufficiency inrice, the irrigation sectorof thecountry isad aturning point. In which direction
should the irrigation sector now proceed?

Thispaper triestoanswer thisquestionthrough the identificationofchangesin thegrowth
momentum as revealed by the changing investment portfolio of the irrigation sector. To
attain this goal, time-series data on irrigation investments by category are compiled for the
four decadessinceindependence, and cost-benefitanalysesareconducted for threedifferent
types of irrigationinvestments: new imgation construction, major rehabilitation, and water
management improvement projects.

Until the early 1980s, new irrigation construction investments had been by far the most
important investmentopportunity in the country,accounting for more than 80 percent of the
total irrigation investmentand 20 to 40 percent of the total public investmentin the country;
the irrigation sector was fully in its “construction stage.” The decisions to promote this
direction in investment made by the government and by international donor agencies,
particularly in the past two decades, were fairly right; the economic potential for new
irrigation developmentwas largeand itwas preserved by the successivedevelopmentsinrice
seed-fertilizertechnology.

However, as development proceeded, new construction shifted from small projects like
the renovation of ancientabandoned tank systemsto more difficultundertakings including
major water resources development, resulting in a sharply increasing trend of the real
construction cost per hectare of newly irrigated land. As aresult.of this trend and the long-
term decreasing trend of the price of rice in the world market, new irrigation construction&
no longer an economically viable investment opportunity.

Given the increasing trend of the real unit cost of construction, no major irrigation
construction project can be economically justified even under extremely favorable condi-
tions for new construction such as: a higher price of rice similar to the level experienced
during the food crisis period in the 1970s, which is over 300 percent higher than that in the
mid-1980s; or successful diversification of crops in rice-based irrigation systems with 100
percent of the yala (second) season crop area planted to high-value nonrice crops, resulting
in incomes 300 to 700 percent higher than that for rice. The era of “major” irrigation
construction in Sri Lanka is at an end.

Since the mid-1970s, a new investment trend has emerged in the irrigation Sector.
Irrigation rehabilitation/modernization projects have appeared and their share of the total
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irrigation investment has been rapidly increasing since then. In addition to these rehabilita-
tion projects, many others which aimed at improving water management in the existing
irrigation systems have been initiated since the late 1970s. It is hypothesized that the
diminishingreturnsfrom massiveinvestmentsinnew irrigation construction inthe past have
made the profitability of investments in improving and enhancing the quality of existing
systems higher relative to that of new construction.

Itis found that the rates of return on these new types of irrigation investmentare indeed
quitehigh. Amajorrehabilitationprojectcompletedin the mid-1980s showedan internalrate
of return of 24 percent as compared to the rate of return on new construction of less then 10
percent in the 1980s. In the Case of successful water managementimprovement projects, the
internal rate of return is as high as 70 to 80 percent. Even in terms of the absolute value of
the benefits to be generated, these rehabilitation/water management projects can compete
with new construction projects.

All this clearly suggests that the investment portfolio of the irrigation sector has
completely changed. Now that the irrigated land base has been well-established, the only
economically feasibleand viable option left for the irrigation sector in Sri Lankaistogo into
anew stage: that is, the “management stage,” Agricultural developmentisanecessity forthe
country’seconomicdevelopment. Thedevelopment of the irrigationsector has been critical
foragriculturaldevelopment,and it continues to be S0,with a differentemphasis. Maintain-
ing and upgrading the performance of existing irrigation systems in the mostefficient manner
would be consistentwith the overall national development policy of heading toward a higher
level of economic performanceof the entire economy.

The experience in the irrigation sector in Sri Lanka could be typical of many other
countries in the Asian tropicswhere land is the most scarce resource. Beinga small island
country, the change in the development momentum of the sector has been as clear as if
observations were made in a laboratory. In other large countriesconsistingof many regions
with diverse development stages, it may be more difficult to identify changes in the
development momentum of the irrigation sector at the national aggregate level. However, as
these countries alsohad a construction stageduring the last few decadesthe irrigation sector
in many of them should have reached a stage similar to that in Sri Lanka by the 1980s. The
Sri Lankan experiencerevealed in this paper illustratesthat the “management” orientation
is inevitable in the irrigation sector in Asia and that the economic rewards for pursuing this
direction are large.



CHAPTER 1

Introduction

IN srI Lanka, @S elsewhere in monsoonal Asia, irrigation has been the mainstay of
agricultural development (Barker and Herdt 1985). Since independence, the major govern-
ment efforts for economicdevelopmentin general andagricultural developmentin particular
havebeen directed a the development of the irrigationsector (Thorbecke and Svejnar 1987).
Massive investmentsin irrigationcoupled with the introduction of seed-fertilizertechnology
had brought Sri Lanka, which used to be a major rice-importing country, to astateof near self-
sufficiencyin rice by the mid-1980s.

Underlyingthisprocess has been therationalethatdeveloping theirrigation infrasgucture
is the most basic and important strategy for increasing food production in Sri Lanka where
more than two thirds of the contry*s total land area, which lies in the dry zone, is not a
productive resource without the provision of irrigation water. Therefore. in the past,
investmentsin irrigation have been concentrated on constructingnew irrigation systems or
restoring ancient tank systems in the dry zone that once supported the old Sinhalese.
civilization.

Having reached a stage at which self-sufficiencyin riceis within reach, a decision has to
be made on whether the irrigation sector should continue in the present course or change
direction: continue water resources development to deepen tteexistingirrigated land-base,
or take other measures. There seemsto have beena quiet revolution in the development of
the irrigation sectoramong the pelicymakers in the government and in international donor
agencies: the pendulum has swung from new irrigation system construction to irrigation
system rehabilitation, and further, to irrigation system management improvement (..,
Levineetal. 1982and Abeywickrema 1983). Irrigation is still the mainstay of agricultural
development,but with a different emphasis compared to the earl ierstage.iI

What is the economic basis for this shift of emphasis? How far should the change in
duectionundergoneby the irrigationsectorin SriLanka be magnified? Theanswersto these
questionsappear to be obviousand the actionsthat have actual ly been taken in the sectorare
Clear.

Itis surprising,however, that in spite of the critical importance of irrigation investments
in the development of the economy and the issue of investment alternativesin the irrigation
sector in formulating or reformulating thedevelopmentpolicies of thecountry,fewattempts
have been made to document the investmentsmade in the past in an integrated manner and
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to demonstratechanging configurationsof economic profitabilityamong investmentalter-
natives in the sector.*

The purpose of this paper is ©fili this gap by compiling aggregate time-series data on
different types of irrigation investmentsin Sri Lanka during the last four decades and by
analyzing changes in the momentum of the process of irrigation development. In the
following chapter, the process of rapid increase in rice production is documented and the role
of irrigationdevelopmentin this process is identified. Inthe third chapter, the past frends in
irrigation investments will be looked into by type of investment and testable hypotheses as
to thedeterminantsof the investment trends will be presented. In chapters4 and 5, changes
in the momentum of irrigation sector development will be analyzed in tems of changesin
the economic profitability of differenttypes of irrigation investments. The lastchapter will
be devoted to discussingthe implicationsof the findings of this study for the futuredirection
of the irrigation sector.

' Shandet al. (1990}, who try to give a future perspective for the irrigation sector in Sri Lanka, review
the past trends in irrigation investments and their economic performance. In spite of many useful
insights on many issuesrelatedlo the irrigation sector, teir review of the past irigation investments
is, unfortunately. too brief, and lacks critical evaluation of the economic performance of these
investments.Theevidencethey presentin support of theu statement, “burreviewof past investments
in irrigation, inside and outside the Mahaweli, shows that, with a few exceptions project economic
internal rates of return arein excessof 10 percent, whather innew schemes or inrehabiliations” (ibid.,
1v) is mostly drawn from post-project evaluation reports without any eritical assessment of their own,
As pointed out elsewhere in this research paper. these reports often present evaluations based on
assumptions which do not reflect the reality after completion of the projects. As a zesult, their
conclusions s to the future direction of the iirrigation sector in S Lanka are quite differentfrom the
onesuggested in €1 peaper, as [ar as investmentopportunities are concerned, Judgement s to which
is the more feasible directionis left to the reader.




CHAPTER 2

Increase in Rice Production

THE DRAMATIC INCREASE In rice. production in Sri Lanka during the last four decades
isbest illustrated by thechangesin the rate of self-sufficiencyinrice during this period (Table
1). Just after independence in 1948, the country produced only 40 percent of the total rice
requirement and the remaining 60 percentwas imported. By 1985, self-sufficiencyin rice
reached a level of more than 90 percent. Rice imports, which increased to over 0.7 million
metric tons (mt) of rough rice in the mid-1960s, decreased to about 20 percent of the peak
level by the mid-1980s. Between 1951and 1985, domestic rice production increased almost
sixfoldatan annual compound growth rate as high as 5.3 percent. The total population of the
country increased from the 7.6 million in 1951 to 15.8 million in 1985at an annual growth
rate of 22 percent; per capitarice production increased rapidly during this period at 3.1
percent per year. Sri Lanka has thus attained near self-sufficiencyin rice within 40 years of
independence, recording a remarkably high rate of increase in domestic rice production.

Table 1. Rice production, rice imports, and rate of self-sufficiency inrice for selected years, Sri Lanka

Domestic rice Rice Self-sufficiency
production® imporis® nrice (%)
(x) ) X

———-1,000 metric tons == - - X+y
1951 428 633 40
1955 613 661 48
1960 864 739 54
1965 989 710 58
1970 1409 523 73
1975 1.400 602 70
1980 2.062 271 88
1985 2,455 220 92

‘Five-year averages centeting on the years shown
®In rough rice equivalent.

Sources: See Appendix |. Table Al-1.
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How did the country achieve sucharapid increase in rice production? Theanswer to this
question and an explanation of the process of irrigation development in the country are almost
identical.

Theincreaseinrice production can be attributedto the increase in areaplanted torice and
the increase in the rice yield per hectare (ha) (Table 2). The 5.0 percent annual growth rate
of total rice production for the period 1952-85was broughtabout by a 2 percentincrease in
thearea planted and a 3 percent increase in the yield per hectare, with percentage shares of
40percentand 60 percent, respectively, in the total productiongrowth. While the growth rate
ofareaplanteddecl inedcontinuouslyfrom3. Jpercent in the 1950s to 0.4 percent intheearly
1980s, that of yield per hectare declined fran 4.1 percent in the 1950st0 2.2 percent in the
1970s. and again increased to 3.1 percentin the early 1980s. For all the subperiods shown
in Table 2, the ¢ontribution of yield increase to the total production is more than that of the
area increase. However, it should be noted that except for the last subperiod, the difference
between the levels of contribution is about 10 percent 45 percent for the area increase and
55percent for the yield increase, onthe average. Itisin the lastsubperiod thatthe contribution
of yield increase. to the total production growth exceeds 90 percent.

Table2. Arnual compound growth rates of rice production, area planted, and yield per hectare,

Sri Lanka’®
Annual compound growth rate (%0)

Rice Area Yield

production planted per ha
1952-1960 72 31 4.1
(100) (43) (57
1960-1970 5.0 23 27
(100) (46) (34)
1970-1980 39 1.7 22
(100) {44) (56)
1980-1985 35 04 31
(100) (11) (89)
1952-1985 5.0 20 30
(100) (40) (60)

* Growth rates are computed between the five-year avenges centering on the years shown.
The percentage share of the rice production growth rate ia shown within parentheses.

Sources: See Appendix I, Tables Al-1 and Al-2

Concerningthe processof agriculturaldevelopmentin eastand southeast Asian countries,
Kikuchi and Hayami (1978) postulate that the growth momentum shiftsfrom the traditional
patternbased on an exiension ofcultivationfrontersto the pattern based on land productivity
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growth or “internal land augmentation” as population and the agricultural laber force
increaserelativetoa limited land resource, and irrigation developmentplaysakey role in land
productivity increases. Such a postulate is basically applicable to 31 Lanka as well, but in
a slightly modified version. Unique features of rice fanning in Sri Lanka in terms of
geographical as well as historical conditions make such a quatificaticn necessary.

SriLanka is divided into two significantly different climatic zones: the wet zoneand the
dry zone (Fiigure1). Although the island records an ancientcivilization besad on irrigated
lowland agriculture which began several centuries before the Christian era, the dry zone had
been abandoned from around the 13th century until the late 19th century during which period
the population was concentrated in the wet zone (see for instance Farmer 1957. pp. 14-17).
Before colonization of the dry zone recommenced around the turn of this century, the zone
was no-man’s-land except for some urban spots such asJaffna. Even several decades after
this, “the Dry Zone today, in spite of this new colonization, remains that rare phenomenon
in Southern Asia, a region which makes up two-thirdsof a country but is sparsely peopled”
(Farmer 1957, p. 18).

In contrast, the wet zone, with a limited land areg, had been far more densely populated.
This zone was congested, with the peasant and plantation sectors forming a typical dual
economy in Boeke’s sense (Boeke 1953). The growing population pressure in this zone, as
demonstrated by Farmer (1957, pp. 78-98). induced the dry-zone colonization in the early
part of this century.

A distinct feature of the dry zone as an agricultural region is that land is not productive
unless it is provided with water, the most scarce resource in the region. Withoutirrigation
water, the only possible cultivation in the dry zone is very extensive chena, i 2., slash-and-
bum shifting cultivation. In the wet zone, a sufficientamount of rainfall and its relatively
even distribution between seasonsmake rain-fed rice production quite possible,? So, dry-
zone colonizationhas taken place under projects in which land settlementis always coupled
with irrigation development

The developmentof rice production in Srf Lanka has been brought about mainly through
tre developmentof the irrigation infrastructure in the dry zone. \hen viewed inabroader
framework and taking chena cultivation into account, this precess of dry-zone irrigation
development s precisely a process of internal land augmentation.” When the rice farming
sectoraloneis looked into, however, the impact of irrigation developmentis observed inthe
expansionoftheareaplantedas well as in the in¢rease in land productivity, Asseenin Table
2, the expansion of area planted, though at declining growth rates, and the increase in yield
per hectare have contributed © the growth of rice production.

2 Typically. rice fieldsin thewet zone an found in valley bottoms, watered by natural streams and by
runoff and seepage from the slopes abave, Under suchan environment, irrigation of rice is amatter
of tapping local perennial sireams by simple means. Most of the rice fields in the wet zone are
classified as “‘rain-fed,” but many of them an provided with some means of irrigation.

3 Except for a few sporadic monographs such as that by Leach (1961). information (the extent,
regeneration, al changes over time) on chena cultivation in the dry zone is meager. The appraisal
repart of an irrigation construction project in the southeastern dry zone gives a cropping intensity of
20 percent for chena cultivation in the project area (ADB 1986, p. 73), but its changes over time are
not known. Personal communications that one of the authors had with ex-chena farmers in
Anuradhapura suggest that there has been a significant shortening of tre fallow interval in chena
cultivationover the past few decades.
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Figure | . Thewet and dry zones, and major irrigation projects inSri Lanka.
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Therole of irrigation developmentin increasing rice productioncan be seen more clearly
if the national level annual data are disaggregated into zonesand seasons. Table 3 shows
where the arez planted to rice has increased. Except for the areas under minor irrigation
systems and rain-fed areas in the dry zone for the period 198010 1985, the area planted to rice
has increased regardless of zone, typeof irrigation, or season for al the periods under study.
However, the mostsignificantincreases have occurred in the major Inigation systemsin the
dry zone. The annual growth rates of the areas planted to rice under major irrigation systems
for the maha (wet) and yala (dry) seasons were & high as 44 percent and 34 percent,
respectively, from 1952 10 1985, Asaresult, the share of the area planted 1o rice in the dry-
zone major irrigation systems has increased fram 20 percent in 1952 to 40 percentin 1985.

Table 3. Total area planted to rice by zone and by type of irrigation,for selectedyears, Sri Lanka.

Total Dry zone Wet
zone
Major irrigation Miner  Rain-  Total
irri- fed

Mzha  Yale Total  gation

1952 4511 536 483 1019 666 822 2507 2004
wn a3 an @) a5 0y 56 @

1960 5717.2 9041 665 1566 1033 1094 3693 2079
(0) @& an @1 a8 a9 )y 38

1970 7214 1338 86.5 2203 1261 1350 4815 2399
(100) (18) (12) 30) (18) % (67) (3%)

1980 8551 1993 1131 3124 1393 1503 6027 2524
aeey () a3» @6 (e a8 (70 G0

1985 8736 2224 1479 3703 1 31.;1 1333 6339 239.7
100y (23) an (42) (15) (15 e 27
Growth rate (%):
1952-60 31 6.7 41 55 56 36 50 05
1960-70 22 40 27 35 20 21 21 14
1970-80 17 41 27 3.5 10 11 23 05
1980-85 04 22 55 35 -14 24 1.0 10
1952-85 20 44 34 40 20 15 29 05

Note: Five-year averages centering on the years shown. Figures within parentheses are percentages.

Sources: See Appendix |, Table Al1-4.
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Data on the total rice land (asweddumized land) area by typeof irrigation in thecountry,
the irrigation ratio and the cropping intensity for the years 1950-1985 are summarized in
Table 4. The total irrigatedrice land area had increased from 253,000 ha in 1950 to nearly
half a million ha in 1985; 90 percent of this increase was due to the increasein the irrigated
land areaunder the major irrigationsystemswhich are aimost exclusively situated in thedry
zone. The land area under major irrigation systems in the wet zone is only about S percent
of the totallandareaundermajorirrigation.As a result, the share of the irrigated area (either
in the total area of irrigated rice land or in the total area of rice land) under major irrigation
systemshas nearly doubled during the last thre¢ decadesand a half. ThiSrapid development
of major irrigation systemsin the dry zone was the main factor which has brought about the
rapid increasesin the area planted ©rice during the maha and yala seasons.

Tabk4. Rice land area by fype of irrigation, irrigation ratios, and cropping intensity, for selected
years, Sri Lanka.*

Rice land area (1,000 ha) Trrigation CTOPng
ratio mtensity®
Irngated® Rain-fed Total
Total Major
Major Minor Lift  Total irri-
irf-  drri- i gation
gation gation gation 4 i v

Vi Vi

@M G oaw  dvw v (Vi) N
G G % % %

1950 90 163 . 253 157 410 36 22 62 107 116t
1955 119 168 - 287 162 449 41 27 64 108 112
1960 136 171 - 307 171 478 44 28 & 120 126
1965 161 174 33% 184 519 48 31 65 118 130
1970 193 187 382 201 58 51 33 66 124 127

417 215 632 5 37 66 119 110
460 221 681 59 40 67 125 123
495 220 715 62 43 69 123 129

1975 232 182
1980 2712 184
1985 305 186

A A WO N O

* Five-year averages centeringon the years shown.

® Irrigated asweddumized land area. Major irrigation refers 1o the irrigation systems witha command area of
81 ha (200 acres) or more, and MINOY irrigation to those with less than 81 ha Ofcommand area.

* Yearly cropping intensity = total area planted per year divided by the agweddumized area. The total cropping
intensity includes lands in all the categories

¢ Three-year average far 1950-53,

Sources: See Appendix |. Table A1-3

* The land which is ridged. bunded. and prepared for the cultivation of rice; m short, ria fields.
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Equally important in increasing rice production were the conditionscreatedby irrigation
development for the introduction of new seed-fertilizer technology which was crucial to
increasing the rice yield per unit of land areaplanted. As shown in Table 5, the fertilizer use
per hectare of rice planted began to rise in the late 1950sas the Old Improved Varieties were
being introduced by the farmers. By the mid- 1960sjust before the adventof New Improved
Varieties, the area planted to the Old Improved Varieties had reached 50percent of the totl.
and, by the mid-1980s. almost all the rice land area had been planted with New Improved
Varietes.* Parallel with these changes, the fertilizer intensity increased tremendously,
reaching a level of more than 100 kg/ha in the mid-1980s.

Table3. Fertilizer inputfor rice production per hectare, irrigation ratw, and rice variety rario, for
selected years, Sri Lanka.®

Fertilizer input Irrigation Variety ratio?
ratio®
Total®
(N+P+K)  Nikogen Traditional old New
varieties  Improved  Improved
Varieties ~ Varieties
(kg/ha) (kg/a) (%) (%) (%) (%)
1952 2.6 17 48 100 -
1960 13.8 8.3 57 87 13
1970 53.2 329 60 32 59 9
1980 85.2 57.2 62 13 15 72
1985 111.8 75.5 66 2 6 92

* Rive-year averagescentering on the years shown

® Nutrient content (three major elements) of the fertilizer.
¢ Tmigated area planted to rice/ftotal area planted torice.

4 Percentage of rice variety planted.

Sources: See Appendix |, Tables A1-3, Al-4, and A1-5.

5 Old Improved Varieties (OIV), also called the HSarieS.were the results of the Rice Hybridization
Programme launchedin 1952.Thecommon charactaristic of these varietiesarehigheryield potentiat,
higher fertilizer responsiveness. and &l plants. New Improved Varieties(NIVY), also called the BG-
series, are those which were bred primarily to overcomethe easy-to-lodge characteristicof OIV and
are therefore dwarf or semi-dwarf varieties. It should be noted that these improved varieties were
made available through the research efforts of the Sri W a n agricultural research insttutes
themselves;the first OIY, H-4, was released in 1957, and the first NIY, BG 11-11, in 1968. For details,

see Senadhira et al. (1980).
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One notable aspect of the “seed-fertilizer revolution” in Sri Lanka is that it began much
earlier than in other countries of the Asian tropics. The first Old Improved Variety was
introduced in Sti Lanka in 1957. more then ten years ahead of the advent of R 8, the
forerunneroftherevolution in other couniries, Thiscould be explained partly by the fact that
SriLanka, as compared to other countries, wasendowedwithabetter irrigation infrastructure
atindependence. In 1950, the irrigation ratio was 62 percent in termsof cultivatedrice fields
(rice land area) (Table 4) and 48 percent in terms of the area planted to rice (Table 5).

On the one hand, a favorable irrigation infrastructure would have given a stronger
incentivefornational agriculturalresearch institutionstodevelopimprovedricevarietiesand
make it possible for the farmers to adopt seed-fertilizer technology ahead of those in other
developing Asian countries,and on the other, the successful development of seed-fertilizer
technology, by increasingthe pay-off of the investment in irrigation, would have provided
a higher incentive for the government © further develop the irrigationinfrastructure. Such
dynamic interaction between irrigation infrastructureand seed-fertilizer technology should
have been behind the rapid irrigation development in the dry zone resulting in further
developmentof the country’s irrigation infrastructure, and thereby, intensifying the interac-
tive process further.

Since independence, irrigation development has played a pivotal role in increasing St
Lanka's rice production by increasing the area planted and land productivity. Thishas been
aSri Lanka-specificprocess of agricultural development in which theeconomy counteracted
a growing population pressure on a limited land resource by exploitingan even more scarce
resource, water. However, it should be noted that the growth rate of the land area planted to
rice has continuously declined in the last four decades and that the contribution of yield
increaseto the growthin rice production has exceeded 90 percent in the 1980s. All this may
indicate that the past development pattern of the peasant agriculture sector in Sri Lanka,
which has been based primarily on dry-zone colonization, has now reached a turning point.



CHAPTER 3

Trends of Irrigation Investments

THE DEVELOPMENT OF the irrigation sector in $ri Lanka has been carried out by thegovernment
through massive investments in the development of the irrigation infrastructure. In this
chapter, data of a series of irrigation investments compiled from various government
documents are presented and an attempt is made to derive testable hypotheses as to the
determinantsof the investments. Details of the compilationand the data used are given in
Appendix I.

The public irrigation investments made during the postindependence period are summa-
rized by type of investment in Table 6,and their irends in terms of five-year moving averages
are shown in Figure 2. Irrigation investments are grouped into three categories: new
construction, rehabilitation, and operation and maintenance (O&M).

The term, “new irrigation construction” is used here to refer to projects aimed at
constructing modern irrigation systems. Inthedry zone, there are still many abandoned tanks
which were constructed during the time of ancientSinhala kingdoms. Many new irrigation
construction projects were based on these abandoned tanks. In somecases. a modern system
came into being by the restoration of the ancient system utilizing the same catchment area,
tank site, and sometimeseven the old embankmentsorbunds. In other cases, a new reservoir
with anew canal network and a new command area has been constructed. The formerprocess
may be called “restoration,” and the latter “new construction.”

However, because these “new construction”projects usually encompass old small tank
systems which have been maintained by the purana (old) villagers, it is difficultto find an
entirely new irrigation construction project in the dry-zone setting. As used in this paper,
“new irrigation construction” includesboth “restoration”and ‘hew construction” types of
projects, whereas “rehabilitation”refers to projects which are meant to restore deteriorated
but yet functioningirrigation systems to their original capacity, or improve them above their
original capacity.

§ An exampleof a “restoration” project is the Parakrama Samudrasystem, an irrigation system with a
command area of about 7,00 hawhich was originally constructed during the 12thcentury A.D. For
the reasons stated above, it is rather difficult to give clear-cut examples of “new construction”
projects, but systems such as Huruluwewa, Inginimitiya, and thesystemsunderthe Mahaweli Project
could be classified as those coming under ‘hew construction.”For the nature of irrigation projects
N Sri Lanka, see, for instence Arumugam (1969).

11
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Table6. Irrigation investmenss inSri Lanka, in 1986 prices, by type ofinvestment, and their share in

IRRIGATION INVESTMENT TRENDS INSRI LANKA

the government budget and the fotal public investment, 1950-88.*

Irrigation investments Share of the tot2l
irrigationinvestment
New Rehabili-  Operation Total in
construction® tation® and
maintenance!
Government Total public
budget investment
——Rs million in 1986prices — —%

1950 907 - 34 941 8 37
(96) C)) (100}

1955 859 - 38 897 6 29
(96) @ (100)

1960 601 - 121 722 3 19
(83) %)) (100)

1965 619 - 62 681 3 15
o1 16)] (100)

1970 994 - 78 1,072 3 16
(93) N (100}

1975 1116 5 127 1,248 2 13
(89) o)) (10 (100)

1980 3,023 225 137 3,385 6 21
(8%) N C)) (100)

1985 2,770 451 154 3375 [ 18
(82) (13) (5) (100)

1988 1,676 308 102 2,086 3 na
(80) (15) ) (100)

* Five-year averages centering on the yoars shown, eacept for 1988, Figures within parentheses are

percentages.
na = data are not available,

b Investments for constructing new systems or restoring old abandoned systems.

Only imigation-infrastructure-related investments, such as 1ank end canal construction, are included.
¢ Investments for major rehabilitation and modemization of existing sysiems,
? Not including overhead costs such as personnel emoluments or administrative expenditures.

Sources: See Appendix I, Tables A1-6 and Al-7.
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Figure 2. Changes inirrigation investments inSri Lanka, five-year moving averages, 1950-86, in 1986
prices.

Rs. Billiens

1950 1955 1960 1985 1970 1975 1980 1985

Type of Investment
M Construction B Rehabilitation 0 & M

It should be noted that the investmentsin new irrigation construction considered here
include only those related to the developmentof the irrigation infrastructure such as the
constructionof reservoirs, canals, channels, and roads. New irrigation construction in the dry
zone usually takes the form of a **colonization’*project involving the settlement of farmers
in the newly developed system areas. The settlement componentof a project requires some
investment for the provision of shelter,domestic water services, subsistence for the settlers
during the initial period of settlement, ete., in addition to the invesmment for developing the
irrigation infrastructure, The settlement-related investment, aswell as overhead costs such
as the emolumentsof personnel at headquarters officesof theirrigation-constructrelated
agencies, and general overhead costs are, in principle, not included in the new irrigation
constructioninvestment. Likewise. the rehabilitation investmentand O&M expenditures, in
principle, donot include generaladministrative overhead costswhich are incurred outsideor
beyond the irrigation systems.

There have been several multipurpose projects aimed not only at irrigation development
and settlement but also at hydroelectric power generation. Gal Oya, Udawalawe, and
Mahaweli projects are some examples of these. For these projects, the investment cost of
structures common to both purposes such as reservoirs is apportioned i the ratio of the
benefits expected fromeach purpase according theprojectappraisal reposts, Forexample,
the MahaweliProject which ishy far the largestgovernment project in the country envisages
the developmentof more then300,000 ha of new irrigated land and thegenerationof 800 MW
of hydropower at the completion of the project The project involves three major upstream
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headworks, the Kotmale. Victoria, and Randenigalareservoirs. The capital cost of the first
two reservoirs is apportioned in the ratio of benefits and the share for irrigationbenefits is
included in new irrigation construction investments. The cost related to the Randenigala
Reservoir is excluded because this reservoir plays little role in irrigation(Salzgitter Consult
GMBH et al. 1979, pp. 10-27).

An examinationof the irrigation investment data (Table 6 and Figure 2) reveals several
interesting points in the investments made so far.

First, irrigationin general and new irrigationconstruction in particular have been by far
the most important investment opportunitiesin the country. Major government efforts at
developing the economy have been directed toward the agricultural sector, particularly
toward developing irrigated agriculture. Even at the early stage of post-independence
development, substantialamounts of investments were made in constructingnew irrigation
systems. The share of new construction in the total irrigation investmentwas as high as %6
percent in the early 1950s, and irrigation investments as a whole ook nearly 40 percent of
the total public investmentor nearly 10percentof the governmentbudgetduringthat period.
As the economy developed, the share of the total irrigation investment in the total public
investmentdeclinedtowardthemid-1970s. However, the total imigaticninvestrment jumped
to an unprecedented high level in and around 1980, bringing up the share of irrigation
investment in the total public investments to more than 20 percent.

Second,new irrigation construction has been dominantamongthe threetypesof irrigation
investments (Figure 2), and from 1950 to the early 1980 the long-term trend of new
construction investments has been upwards. Suchatrend suggests that the major efforts in
the irrigation sector have been directed toward attaining the national policy goal of self-
sufficiency in rice through the expansion of the irrigated land base. As observed in the
previous section, @ mechanism could have been at work in Sri Larka as well as in other
countries in monsoonal Asia by whichthe growing populaton pressure againstalimited land
resource necessitated developments in agriculture to augment land internally through
improvements in land quality. Within this broad framework, it can be hypothesized that a
basic economic factor behind the heavy investmentsin irrigation construction was the high
profitability of such investments. The successive introduction of improved seed-fertilizer
technology would have played a critical role in maintainingand enhancing the profitability
of irrigation construction.

Third, investments in new irrigation construction have experienced distinct short- to
medium-tern fluctuations. Three peaks, or investment spurts, can be seen: the early 1950s,
the late 1960s, and the late 1970stotheearly 1980s. During the periods between these peaks,
new construction investments decelerated. Major irrigation works of the first peak are,
among others, the Gal Oya, Parakrama Samudra, and Huruluwewa projects. while those of
the secondpeak includeprojects such asNagadezapa, Udawalawe,and Rajangana. Thethird
and the highest peak was created by the commencement of the Accelerated Mahaweli
Development Project in the late 1970s. together with projects such as Inginimitiya and
Kirindi Oya.

However, it should be noted that in the last peak the new construction investments begin
to decline, rather sharply, after the mid-1980s. Why have the investments in new irrigatin
construction shown such fluctuationsover the past 30 years? Were the three peaks created
by the same factors, or will another peak appear in the future. after a certain period of
investment deceleration as was the case before the last two peaks?
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One may discern certain associations between the investment levels of new irrigation
construction and the political regimesof the country. Thorbecke and Svejnar (1987) found
close associations between agricuktural performance and political regimes of Sri Lanka
between 1960and 1984. Being a ¢ritical factorinagricultural development, the investments
inirrigationreveal a similarpattem. Sinceindependence, the United Natiorall Party (UNP)
which put strang emphasison open-economic policies was in power for the periods 1947to
1954.1965 to 1970, and 1977 to the present, while the Sri Lanka Freedom Party (SLFP)
which strongly supported socialistic welfare policies was in power for the periods 1955to
19657 and 1970to 1977.

The three UNP regimes overlap the peak periods of investment in new irrigation
construction, whereasthe SLFPregimescorrespondwell with the periods when the imgation
investment decelerated. It may seem quite likely that the differentemphases given o the
policies toward economic development by differentpolitical regimes have led to different
stances in public investmentpolicy, including irrigationinvestment. However, it should be
notedagain thatafterthe mid- 1980s(afterthe third peak) new constructioninvestmentshbegin
to decline rather sharply under the same political regime.

Careful observers may pointout that these investment peaks seem to be associatedwith
food crises of the past or with the sharpincreases in the world market price of rice resulting
from food shortages. The firstpeak matches food shortagesexperienced immediately after
World War II and during the Korean War; the second peak, the crisis due to the [965-66
famine inthe Indian subcontinent; and the third peak, the crisis wiggered by worldwide poor
harvests of the early and late 1970s. Such associations suggestthat governmentdecisionson
imgation investments in particular, and agricultural policy in general,” have been strongly
affectedand restricted by changing situationsin the world ricemarket and/or by fluctuations
in foreign currency reserves of the country, aSdemonstrated by Hayami and Kikuchi (1978)
for the Philippines.

An overriding objective of the government agricultural policy in Sri Lanka has been to
supply a sufficient amount of rice to the consumer through the food ration/food stamp system
oratrelativelylowandstablepricesintheopenmarketand at the same time providing decent
prices to the producer through the Guaranteed Price Scheme.

Heavy governmentintervention has characterized therice sector in §ri Lanka, especially
onits distribution side. The policy of rice rationing adopted by thegovernmentformorethan
threedecadesuntil 1978,when it was replaced by the present foodstamp scheme, has always
beenoneofthe hottest political issues in the country, For instance, the food riot thatoccurred
in 1953was riggered by agovernment attempt to reduce the rice subsidy to the consumer

? There was an interruptionin 1960 when the UNP came to power briefly, winning the first general
electionheld that year. Later Inthe same year. the SLFP regained power after winning the second
general election.

® Plantation crops such as tea, rubber, and coconut are important subsectors of agriculture in Sri Lanka,
However, because these plantation subsectors are largely independent of the peasant food crop
subsector in termsof agricultural/irrigation policy, they are set aside throughout this paper. And the
term “agriculture,” is used to mean the peasant food subsector. As for the performance of and
government policy towardthe plantation sector NSri Lanka, See, for irstane. Thorbecke andSvejnar
(1987).
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and it led to the resignation of the prime minister and a defeat for the ruling party at the
subsequent election (Gavan and Chandrasskera 1979, pp. 29-30). In 1970, the SLFP which
campaigned for higher subsidiesfor food and other basic consumer items won the general
election. The extent of the government effortsto maintain the ration scheme was such that
the level of the fiscal cost of food subsidiesreached 17percent of te-total budget in the mid-
1970s (Edirisinghe 1987,p. 30).

As 1 Lanka was a regular importer of rice and as the importation of rice and its
dismbutionwere under the direct control of the government, it isreasonable to assume that
governmenteffortsto increase domestic rice production were strengthened when the cost of
rice importsincreased. Increasesin the importcostimply increases in the incentivetoinvest
in new irrigation systems as a means of increasing self-sufficiency in rice. The high
premiums on government funds and the chronic shortage of foreign exchange would have
made such a government response even more imperative.

In fact, the ups and downs in the food subsidy programs have been linked closely to the
importprice ofriceandthe country’sbalance of payments, For instance, prior to the food riat
in 1953the governmentwas compelled to reduce the rice subsidy because of the high world
market price of rice due to the Korean War (Gavan and Chandrasekera 1979.p. 30). It was
the drain of foreignexchange reserves and the heavy fiscal burden caused by unprecedented
high prices in the world rice market in the mid-1970s that put an end, in 1978, to the food
ration scheme and led to the present target-grouporiented food stamp scheme under which
the share of the food subsidies in the total government expenditure declined to less than 3
percent (Edirisinghe 1987,p. 30).

Thus, it can be hypothesized that government decisions on Irmigatian investments have
been heavily influenced by short-term fluctuationsin the world market price of rice which,
in tum, seriously affected the social pay-off of those investments as well as the country’s
foreign exchange reserves.

The fourth important point to be noticed in the irrigation investment trend (Table 6 and
Figure 2) isthatrehabilitationinvestments appear in the mid-1970s and rapidly increase their
share inthe total irrigation investment. Asindicatedin Table6, this sharerose to 15 percent
of the total irrigation investment by the mid-1980s. Investmentin rehabilitation represents
achange in direction for irrigation development in Sri Lanka.

The fist modern irrigation rehabilitation project in Sri Lanka was the Tank Lrrigation
Modernization Project (TIMP) which started in 1976. It was soon followed by other major
rehabilitation projects. It should be noted that these rehabilitation projects included water
management improvementprograms as an important component, as in the epochal case of
the Gal Oya Water ManagementProject (ARTI and Corniell University n.d.); aclear shiftin
the design philosophy of irrigation projects and in the emphasis of their implementationhas
been observedin many of these projects, which is another importantaspect of the changein
direction for irrigation development

In addition to major rehabilitation projects, there are other projects which aim at
improving water managementinexisting irrigation systems. Thefustprojectof this type was
the Minipe Water Management Project implemented during 1978-80 (de Silva 1985). Itmust
be noted thatalthoughtheyarenotshownhereasindependentirrigation investments because
of their smallsize, there hasbeen a proliferation of water managementimprovementprojects
in 31 Lankasince the late 1970s. The inauguration, in 1984, of the Imigation Management



TRENDS OF IRRIGATION INVESTMENTS 17

Division which deals with water management issues in 35 major irrigation systems is an
example of the important institutional changestoward a new direction of irrigation develop
ment; and many water management improvement projects in systemsoutside these major
systemsconstitute another.

Thisproliferationofirrigationrehabilitationand water managementimprovementprojects
should have been induced by the growth of the irrigation sector itself and its consequences.
As new irrigation development progressed, construction shifted from relatively easier
projectsto more difficult ones and the nature and scale of irrigation construction projects also
changed from smaller “renovation” type activitiesin earlier years to larger “new construc-
tai’ in more recent years. These were finally followed by the Mahaweli Project, a large,
sophisticated transbasin irrigation developmentproject tegun in the late 1970s. Implied in
this development sequence are increases in the marginal cost of creating a unit of irrigated
land.

As this process continues. while the irrigated land base is enlarged, a stage should be.
reached when it becomes economically more feasibleto investin improvingand enhancing
the quality of existing irrigation systems than to invest in the construction of new systems.
It is hypothesized that, since the late 1970s. $ri Lanka has been at the crossroads where the
marginal rates of return on irrigation investments that deepen the existing irrigated land base
through rehabilitation and water management improvementbecome relatively higher than
those on investmentin new irrigation construction.

Lastly, it can be observedfrom Figure 2 thatexpenditures for irrigation systemoption
and maintenance (O&M) have been a minor componentof the total irrigationinvestmentand,
more significantly, the share of O&# expendituresin the total irrigation investmenthas not
shownany steadyincreass over time, Inspite of the large increase in irrigated land area under
major irrigation systems, which is the result of huge investmentsin new construction in the
past 3byears, theshare of O&M inthetotal irrigation investment remained as low asb percent
in the 1980s (Table 6).* This fact suggests that the maintenance of the existing irrigation
systems may have been inadequate resulting in low performance of the systems and
endangering their long-term sustainability,

Indicativeof low performanceofthe majorirrigationsystemsin the dry zonearetheir low
cropping intensities as shown in Table 4. Another indication is the fact that when
rehabilitation investments started in the late 1570s, almost all systems which came under
rehabilitation were those constructed less than 30 years before (some were noteven 20 years
old), even though they were planned to goarate.for much longer periods withoutrehabilita-
tion.

s Around 1960, O&M expenditures increased substantially due to the expenditures for major repeirs
in many systems fol loving flood damage in 1959.



CHAPTER 4

New lIrrigation Construction

Many racTORS HAVE t0 be considered by the government before decisionsare made on the
allocation of funds for investment cpportunities including the development of the irrigation
infrastructure. The irrigation infrastructure being one of the most important public goods,
political, social, as well as economic factors affect the decision-making process of the
governmentin regard to irrigation investments. However, in the long run,economic factors
will haveafar-reachingimpactonirrigationinvestmenttrends; governmentdecisionsonthe
irrigation sector cannotbe made without considering the changingeconomicenvironments.
Some economic factors which were hypothesized as the causes of change of irrigation
investmentsin the previous chapter, are examined here and in Chapter 5.

LONG-TERM TREND

As observed in the previous chapter, investments in new irrigationconstruction increased
tremendously until the 2arly 1980s. Sucha trend should have beeninduced by higheconomic
returns from such investments. On the other hand, it was postulated that the cost of creating
aunitof irrigatedland would have increased as new construction progressed from relatively
easier projects to more difficult ones. It was hypothesized that a dynamic development
process in which the irrigation infrastructureand seed-fertilizer technology reinforcedeach
otherto increasethe productivity of irrigated agricultureworked asa mechanismto maintain
andenhancetheprofitability of new construction investmentswhile counteractingincreasing
construction costs. This hypothesis could be tested by estimating the rates of return on the
investments in new irrigation construction during the last four decades, as detailed below.
On the project-cost side, the trend of the capital cost to create a unit of irrigatedland can
be identified by using the capital investment data for 49 of the new irrigation construction
projectsimplementedafter independence. These49 projects/systems are listedin Table A1-
8 (Appendix II) with the basic data. The aggregate time-series data on new irrigation
constructioninvestmentsare not used for thecost-benefitanalysis because: i) “disaggregation”
of the series into individual projects is not possible for many of the new construction projects;
i) data on the command area newly brought under cultivation are not available for many of
the projects; and iii} many construction works under the Mahaweli Project are ongoing.

19
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Thecapitalcostperhectareof these 49 projects are plotted in Figure 3 after incorporating
capital interest during the construction period assuming an interest rate of 10 percent and
converting it intoa real term by the GDP implicitdeflatorforthe investmentin construction.
The unit capital cost seriesin Figure 3 is constructed by: i) identifying the capital cost per
hectare of each project [ inclusive of capital interest. i.e., (1+1)*K ,where K is the capital
investment per hectare, m is the average gestation period of the investment and i=10% ] in
1986prices; ii) recording itagainsttheyear when the project reached 90 percent completion;
andiii)takingthe weightedaverage over the projects foreach year using the systemcommand
area as weight.

As definedearlier, the capital cost includes only irrigation-infrastructure-relatedinvest-
ments, such as for the construction of reservoirs, canals, and channels, and the development
of rice land; costs related to settlement are not included.*

Figure3showsan increasingtrend in the unit cost and this increasingtrend is moreevident
fran the early 1970s. This is because new irrigation constructionproject, shifted from the
small-scale “restaration” type to large-scaletransbasin ones, suchas the Mahaweli Project,"!
All this supports the postulate that the new irrigation constructionin the post-independence
period started with relatively easier projects and moved to more difficult ones. As aresult,
the construction cost per hectare increased more than fivefold from the 1950s to the late 1980s
(i.e., from Rs 70,000 to Rs 360,000, in 1986 prices).

The followingresultisobtainedwhen the exponential time-trend curve is firted to the data,

K's 1637t0.047t, R*= 0,685,
(3.411) (6.763)

where:  K'= capital cost per hectare including capital interest
(inRs 1,000)in 1986prices,
t = time (48 to 89),
R?= coefficient of determination, ad
the figures in parentheses are t-ratios.

10 Of the Mahaweli Systems, only System C is included in this analysis because of the lack of reliable
dataon the others. It must be noted that the cost of the Mahaweli upstrear headwork developments
is not included in the capital cost of System C which includes the censtruction cost of the irrigation
infrastructure of the Minipe Anicut and below. It should also be noted that among the 49 projects
studied, the Mahaweli System C and the Kirindi Oya projects are ongoing. By the time of this study,
90 percent of constructionworks was completed in the case of System C. and the first of the two
construction phases was completed in the case of Kirindi Cya. For System C. the actual capital
expenditures until 1989and teexpected capital costs for 1990-1992 are taken into account as the
total capital cost of construction,and the designedcommandarea is assumed to have been realized.
For Kirindi Oya, such casts as those for the teservoir and the nalin canal which are commonto the
entire system are apportioned according to the share of the completed part of the command area in
the total designed command area,

-

Fortwo years. 1961and 1975, theunitcost is apparently far above the trend level (Figure 3). In 1961.
it was due to the Gal Oya construction project which was the first multipurpose large-scale irrigation
project of the country. In 1975, it was due to the Uda W alawe construction project which, atthath e ,
was the second largest irrigation project in the country. and which took 17 years to complete.
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Figure3. Changes nthereal capitalcostperhectare (including capital inferest evaluated at 109 per
annum) oFNew irrigation construction, 1951-89, in 1986 prices.
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It is estimated that the capital cost has increased at a growth rate of about 5 percent per
year during the last four decades. For the cost-benefit analysis, the unit capital cost
estimated by this trend curve is takenas the capital cost of irrigation construction.

On the project-benefit side, rice is assumed to be the crop to be grown in the newly created
irrigation systems. In order to analyze the complementary relation between irrigationand
seed-fertilizertechnology, three different seed-fertilizer-technologylevelsare assumed 1)
Traditional Varieties (TV) with 0 kg/ha of nitrogen application, 2) Old Improved Varieties
(O1V) with 60 kg/ha of nitrogen, and 3) New Improved Varieties (NTV) with 120kg/ha of
nitrogen. Therice output foreach variety groupat each nitrogen level is estimated by using
the national average fertilizerresponse function for each group as estimated by Kikuchi and
Aluwihare (1990).

The benefit flow is measured as an increase in agricultural income (gross value added).
The increase (gross value added) is estimated by subtracting the current input cost, (seed,
fertilizer,chemicals, fuel, etc.) from the value of produce of the newly created irrigated land.
Increasesinlaborcostforcropproductionduetoinigationere not subtracied, assuming that
labor was available at zero opportunity cost. As explained earlier,almostall new irrigation
construction projectsin Sti Lanka have been **colonization**projects in which farm families
were brought into newly constructed irrigation systems as settlersfrom other rural areas in
the wet and dry zones. Because the settlersin these irrigation systems were those who had
difficulty in finding productive employment in their locations, their opportunitycost, if not
zero, would have been quite low.
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Thericeoutputis valued at the averagedomestic market price for 1985-87.An alternative
way of valuing the rice output for estimating the benefit would be to use the import price of
rice, and it will be adopted in the next section. During the base period (1985-1987), there was
little difference in the price of rice between the farm gate and the port of entry: while the
domestic market price was Rs 4.10/kg, the import price (Colombo ¢.i.f.; in rough rice
equivalent) was Rs 3.90/kg. The total current input into rice. production is estimated by
multiplying the cost of nitrogen by a factor 0f 2.5.1

The cropping intensity of the systems isassumed to be 1.3, which is the average
for all the major irrigation systems for the entire study period. Cropping intensity varies
considerably across systems as well as overtime for a particular system. The rationale
behind this assumption is the fact that although all major irrigation systems are designed
for much higher levels, cropping intensity in these systems in the long run are, almost
universally, closeto this average level. This suggeststhatthere existcertainsystematicgaps
between thedesignand thereality inthe technicalparameters{total water resourcesavailable,
reservoirand canal capacity, seepageand percolationrates, and crop water requirement) and
management parameters (operation and maintenance). In the cost-benefit analysis for new
irrigation construction it is assumedthatno specific managementeffortismade toovercome
these gaps over and above the level that has been made in the past. This assumption will be
relaxed in the last part of this section.

It is assumed that 10¢ percent of the command area of newly constructed irrigation
systemswas broughtunder new cultivation,and did notinclude “old” cultivated areas. There
could have been some very extensive chena cultivation in the project area in the dry zone
before system construction. As compared to the value of the rice output in the new area,
however, the outputvalue of chenacultivation,if any, would be quite low. Another problem
associated with this assumption is that many new irrigation systems include old smaller
systems. For those overlapping areas, only increases in the value output due to the project
over and above the previous output level must be taken into account. However, because of
the nonavailability of data, this adjustment cannot be made. This leads to an overestimation
of the benefit, but in many systems the share of such an old area in the new command area
is not so large (less than 10 percent). The degree of overestimation due to this, if any,
is reasonably small.

The annual operation and maintenance costs per hectare of new area brought under
irrigation are assumed to be Rs 740, in 1986 prices. This is the level that the Irrigation
Department setas the “desired level” of operation and maintenance for the major irrigation
systems (IIMI 1989). It is assumed that with this level of operation and maintenance,
irrigation systems can sustain their operations for 50 years.

1 This ratio is obtained from the rice production cost surveys wnductedby the Sri Lanka Department
of Agriculture (various issues).
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Thebenefit-costratio and the internal rate of return are considered as the rates of retum
The benefit-cost (B/C) ratio is estimated using the formula:

U i oo s § (@700

= k=0 J=1
(1+1)=K

O |

where: R
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annual increase in income due to the project,

annual operation and maintenance cost to maintain the benefit
stream,

capital cost,

lifetime during which the benefit stream continues to accrue,
time. in years, from the commencementof the accruing of benefits
to the completion of the project,

average gestation period of the capital investment, and
interest/discount rate (assumed © be 10%).
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The first term of the numerator on the right hand side of the formula. which is defined if,
and only if, { »2, isintroduced to take into account cases where a part of the benefits start
aceruing before project completion, assuming linear increases in benefits from zeroto the full
benefit level. Such adjustments arz necessary because the construction periods of many
projects were quite long, more than 10years in many cases, ad the command arza in such
cases was often developed step by step. The settlement and cultivation of a pan of the
command area usually commenced much earlier than project completion. For  and m,
weighted averages by period using the command area of the sample projects as weight are
adopted in the estimation.

The internal rate of retum is estimated as r which satisfies the following equation:

i-l n
(L4+PK= 2 0+ (P IR/D (R0 /(1))
k=0 =

Theestimatedratesof return aresummarized by period in Table 7,and the B/C ratio series
estimated by level of seed-fertilizertechnology are shown in Figure 4. The rates of retum
estimatedon the basis of the actual capitalcost of construction projectsare also presented in
Table 7 in order to check whether the series based on the estimated capital cost reproduces
the changes in actual levels of the rates of retum. As these two sets of estimates give
essentially the same results in terms of level and trend, the discussion which follows will
focus on the series based on the estimated capital cost.

Just after independence, irrigation construction was a lucrative investment opportunity.
The B/C ratio in the late 1940swas as high as 2.3 (Figure 4). F a the 1950s. it was 1.7 on the
average (Table 7). However, reflecting the increasing trend in the unit construction cost, the
B/C ratio under traditional rice technology (representedas*TV N=0") declinedrapidly. and
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went below 1.0by the early 1960s. Had there been no progress in the technology from the
traditional level, the economic potential of imgation construction would have been ex-
hausted within a decade and a half after independence.

The progress in seed-fertilizertechnology compensated for the increases in the construc-
tion cost to a large extent, and preserved the profitability of new construction investments.
The introduction of improved rice varieties and the associated increases in fertilizer
applicationresulted in the upward shift from the previous technology level of the B/C ratio
curves in Figure 4. Interms of time (horizontal axis), the degree of the shiftis about 10years
forboth Old Improved Varieties and New Improved Varieties.

Table 7. Benefit-costratios and internal rates of return Oninvestments innew irrigation construction.
based on 7986 prices."

Based on Based on
estimated construction cost® actual construction cost'
Technology leve!® Technology level®
Traditional Old New Traditional Old New
Varieties  Improved Improved  Varieties Improved Improved
Varieties Varieties Varieties  Varieties

N=0kg N=60kg  N=120kg N=0Okg N=60kg  N=120kg

1948-49 2.3 (20) na

1950-59 1.7 {15) 1.7¢15)

1960-59 1.0 (10) 1.6 (15) 1.0(10) 1.5(14)

1970-74 07(7 1.1 (11) 1.6 (15) 09(9 14014y 2.1(20)
1975-79 0.5(6) 09 (9) 1.3 (12) 0.5(5) 0.8(8) 1.1(11)
1980-84 0.4 (4) 0.6 (7) 09(10) 04 (3) 05(5) 0.8(8)
1985-89 0.3(3) 05 (5) 0.7 (8) 0.3(3) 05(3) 0.7¢(7)

¢ Internal rates of return are shown within parentheses. na = data are not available.

* The capital investment cost per hectare of new irrigation construction is estimated by the
followingequation: K = 1.637 +0.047 1; where K = capital investment per hectare with
interestand t = time (48.49...., 89).

¢ The actual capital investmentcost of new irrigation construction projects; weighted averages for
the projects completed in the periods shown, using the command area as weights.

4 Technology levels assumed for measuring the benefits from newly created irrigated land
based on the following rice production function? under irrigated conditions:

Traditional Varictics Y = 1500+ 10N - (.09N?
Old Improved Varieties Y = 1900+ 14N - 0.06N?
New Improved Varieties Y = 2400 +21N - 0.08N*

Where Y =rice yield (kg/ha) and N =nitrogen input (kg/ha)

The benefits are measured by the increase in agriculural income (gross value
added). The opportunity cost of labor is assumed to be zero. The total current
input cost is estimated assumingthe ratio between the total currentinput and the
nitrogen cost to be 2.5.
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Figure 4. Changes in tk benefit-cost ratio of mew irrigatwn construction investments, 1948-89, by
level d seed-fertilizer technology, based on 1986 prices.
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It is interesting to observe that a new technology was intreduced before the B/C ratio of
the previous technology level reached the 10 level, as if to compensate for the sharply
decliningtrend in the rate of return under the previous technology level. In 1958 when the
B/C ratio wentbelow 1,5, the introduction of the Old Improved Varietes restored it to alevel
greater than 2.0, and again in 1968 the process was repeated with the introduction of the New
Imoroved Varieties.

Theresults of the foregoinganalysis support the hypothesis ek massive investments in
new irrigation consrmctionafter independence were induced by the high economicpotential
of such investments. Profitability was high at the inrtial stage and was preserved thereafter
by dynamic interactionbetween the irrigationinfrastructure and seed-fertilizer technology.

However, it should be noted, that this analysis does not explain the trend acceleration
observedinFigure2 (p.13). Althoughsuccessive developments in seed-fertilizertechnology
preserved the high profitability of new ¢onstruction 0 agreatextent, itdid not raisethe rates
of return beyond the highest level attained under the previous technology. The B/C ratio in
1968under the technology level " NIVN=120" is lower than that in 1958 under “OIV N=60"
(Figure 4). On the other hand, of the three peaks of new construction investmentsin Figure
2, the third one is incomparably high.
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Moreover. the rates of return on construction investments continued 1 decline even
with the highest level of technology, cutting across the B/C ratio = 10 line by the
early 1980s."

Thedatasuggestthat, given thepresent level of ricetechnology, the increasing real capital
cost of construction, and the price structure in the mid-1980s. the. irrigation sector in the
country has came toastageatwhich further investment in new irrigation ¢onstruction ¢annct
te. economically justified.

SHORT-TERM FLUCTUATIONS

The level of the B/C ratio (Figure 4) depends critically on technology and prices, both in
agricultureand in irrigation construction. While the impact of the technology is long-runin
nature, changes in the prices, particularly the price of rice, have an immediate short-run
impacton the rates of return. How change in the price of rice has affected the investments
should be studied before the factors that brought about the trend acceleration and future
prospects of new irrigationconstruction investments are examined.

Figure 5 shows changes in the index of the import price of rice (Colombo
c.i.f.) deflated by the GDP implicit deflator for investments in construction
for 1948-89. The impact of the four food crises in the past on the import
price of rice is clearly visible as four distinct peaks. It should also be pointed out that the
import price of rice was at a historic low level in 1986.

As mentioned earlier (p15), these peaks in the import price of rice clearly correspond to
the peaks of the investments in new irrigation construction,with a certain time-lag particu-
larly in the case of thethirdinvestment spurt. It was hypothesized that government decisions
onirrigationinvestments had been guided by the profitability of the investments which had
in turn been determined largely by the import price of rice.

As a test Of this hypothesis, the benefit-cost ratios of the investments in new irrigation
construction were reestimatedby evaluating the costs and benefitsat current prices, while
incorporating the effects of improvementsin rice varieties and fertilizer applications. On the

2 As explained earlier, it was assumed that all the newly created systerns would generate the same
level of benefits, which is based on the national average. Suchen assumptionwas made to focus on
the overalltrend in the rates of return on the construction investments. Of course, variations in the
benefits could be large across the projects. but it is expected that such variations are canceled by
taking averagesover areasonablenumber of projects in eachperiod. Project-specificestimationof
the rates of return made for some recent projects, suchas the Kirindi Oya and Mahaweli System C
(these two projects are in sharp contrast, for instance, in terms of cropping intensity; less than 1.3
for the former and nearly 2.0 for the latter), does not alter the estimated results based on the average.
Some readers may wish to estimate project-specific rates of returnwith their own estimates of the
benefits specific to certainprojects. The necessary dataon the cost side are provided in Appendix
I. Table A-8.
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benefitside,the riceoutputwas evaluated by thecurrentColomboc.i.f. price of rice{in rough
rice equivalent) and production inputs by the respective current prices. Changes in seed-
fertilizer technology were incorporated by first taking the threetechnology levels assumed
in the constant price calculation and then aggregating the income (gross value added)
generated under each technology level into a single series using the percentage shares of area
planted with each type of rice variety in each year as weight. On the capital cost side, the unit
cost, at current prices, of creating one hectare of new irrigated land was obtained by applying
e GDP implicitdeflator to the real unit cost estimated from the trend line presented in the
previous section (p.20).

Figure 5. Changesinthericeimport price index(Colombo c.i f.} deflated by the GDP implicit deflator
for construction investment, 1948-89 (1986=100).
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The Series of B/C ratics thus estimated is shown in Figure 6, together with the annual
investmentsin new construction, A few points areworth noting: First, althoughshon-term
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Figure . Changesin the benefit-cost ratio of new construction (evaluated at current import price
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fluctuationsin the B/C ratio are large, the long-term trend of the investment performance is
downward, as identified by the constant price evaluation, basically reflecting the increase
over time in the capital cost to create a unit of irrigated land.

Second, close associations between the changes in the B/C ratio and the construction
investments are discernible. The first investment spurt in the 1950s corresponds to a
B/C ratio as high as 4.0 during the same period. The period of rather long stagnation
in investments from the mid- 1950s to the mid-1960s, which occurred when the B/C ratio of
the investments went down to and remained at a level barely above 1.0, was followed by the
secondinvestmentspurt in the late 1960s during which the B/C ratio of the investments went
above 2.0because of price increases in the world rice market. Afterafour-yearperiodofprice
stagnation around 1970, the B/C ratio again jumped to a level closeto 4.0in 1974, and after
a short period of price decline moved up again in 1979. The third investment spurtbegan in
1978 and reached an unprecedented high peak in 1982.

Thus, the data strongly support the hypothesis that the social payoff of the investments,
which is largely determined by the import price of rice, has been a prime factor behind
government decisions to invest in irrigation construction. It is suggested that, while the

Qs Bittions
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government response to the changes in the payoff was rather quick until the late 1960s, the
process began to involve substantial time-lags after 1970. This could be explained by the fact
that, whereas in earlier years there were many sites where construction projects could be
initiated rather easily, site selectionand project preparation/implementation have become
much more difficult and time-consuming in recent years. It was in the 1970s that the
Mahaweli Project, the largest irrigation construction project in the country with huge
upstream head-work developments, wasinitiated and accelerated, and cther major construction
projects, such as the Uda Walawe and Kirindi Oya projects, were undertaken side by side with
the Mahaweli Project. With such large projects, time-lags would have occurredbetween the
making of the investment decisions and the actual investment disbursements.

A high import price of rice has a direct impact on government decisions on irrigation
construction investment throughthe increase in the payoff of the investmentrelative to other
public investment opportunities. This implies the reallocation of government funds to
irrigation construction projects from other public investment opportunities andfor from
recurrentexpenditures such as those for rice imports. Asinvestibie funds have always been
scarce, their availability would have constrained this reallocation process
to a great extent. To the extent that irrigation construction investments involve import
components, the country's limited foreignexchangereserveswould have worked asan even
more critical constraintto the investments. As another importantdeterminant of short-term
changesinirrigation construction investments, the availability of fundsshouldbe examined,
in addition to the changes in the social payoff of the investments due to fluctuations in the
price of rice.

How theavailabilityof investiblefundsaffectsinvestmentin irrigationconstruction could
he understoodby studyingchangesin the foreign fund availabilityindex in comparisonwith
the trend of new irrigation construction investments. The foreign fund availability index is
the ratio Of the total official foreign assislance consisting of foreign loans and grants, to the
total budget of the government. Changes in this index are shown in Figure 7, together with
the trend of new irrigation construction investments. Sri Lanka siarted receiving foreign
assistance in 1952, but its level relativeto the governmentbudget was less than 5 percent in
the 1950s, except in 1954. The index increased toward the late 1960s reaching 10percentin
1969. Itbegan to rise sharply after 1973, finally reachinga level of more than 20 percentin
the 1980s.

More significant is the close association between this index and the new construction
investments. This association is quite strong after the early 1960s: the investment spurtin
the late 1960s coincides with the increase in the index during the same period: the
unprecedented high investment spurt that began in the late 1970s is closely preceded by the
rapid increase in the availability of foreign funds; and the investments begin to decline in this
thirdspurtaftertheindex hitthe peak in 1981. Alltheseindicatethatthegovernmentdecision
to invest in irrigation construction was seriously constrained by the availability of funds,
particularly of foreign origin.

Almost all of Sri Lanka's irrigation construction projects after 1970, inclucing the
Mahaweli Project, have been funded, at least partially, by donor countries and/or by
international lending agencies such as the World Bank and the Asian Development Bank.
Giventhis fact, it may not be surprising to observea close correlation between the two series
(Figure 7). It should be noted, however, that the foreign'fund availability index shown in
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Figure 7. Changes in theforeign fund availabitity index in comparison with changes in the new
irrigation construction investments in 1986 prices, 1948-1988.
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Figure 7 referstoall the officialassistance thegovernmentreceived. Toasignificant extent,
the foreign assistance specifically aimed at developing irrigation systems would have
contributed to the increasing trend of the irrigation investments. At the same time, the
availability of foreign funds for nenirrigation projectswould have allowed the government
to divert its own funds from other purposes to irrigation construction projects when the
investment prospects of these projects were better.

It is this increasing foreign fund availability that explains the trend of accelerationin
irrigation construction investments. As shown in Figure 6, the peaks of the B/C ratio
estimated using the rice import price, correspond well to the investment peaks; but these two
series move in opposite directions. While the third peak of construction investments climbs
toa high in 1982,the B/C ratio peaks in the 1970s. Though this B/C ratio peak is quite high,
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funds, rough estimatesobtained from various Administration Reports and Vote Ledgers of
related agencies are given in Table 8.

Table 8. WeightSaf foreign assistance in irrigation projects.’

Foreign fundsdirected to irrigation projects: 1
As %of total irrigation As % of total foreign
investments assistance
1967-70 59 3
1971-74 22
1975-78 22 4
1981-85 68 22
1986-88 63 11

*Data for 1979 and 1980are incomplete.

The following observations can be made from Table 8: First, the level of foreign funds
directed to irrigation development fluctuated significantly over time: until 1970, the
percentage share of the foreign funds for irrigation, both in the total irrigation investments
and in the total foreign assistance receivedby the government, was negligible. The share
in the total irrigation investments and in the total foreign assistance rose to 59 percent
and 22 percent, respectively, during the early 1970s, declined to 22 percentand 4 percent in
the mid-1970s. rose again to high levels in the early 1980s, and declined again in the late
1980s. Itis obviousthat donoragenciesreacted quite responsively to the high world market
pricesofrice; foreignaid for irrigationincreased sharply after the foodcrises inthe late 1960s
andthe mid- 1970s, butdecreasedoncethecrises wereover, with three- to five-year time-lags.

Second,the share of foreignaid in the total irrigation investmentwas particularly high for
the thirdinvestmentpeakintheearly 1980s; nearly 70 percent of the investmentwasfinanced
by foreign funds. The donor-drivennature of irrigation projects was outstanding in this peak.

These data support the hypothesis that the rates of return and the foreign fund availability
are major determinantsof the governmentinvestments in new irrigation construction,'* Itis

¥ The following estimate of the investment function for new irrigation construction with Koyck-
Nerlove distributed-lag specification. using annual time-series data for 1948-88, gives statistical
support for the hypothesis:

LnT =1.265+0.221 Ln (B/C), + 1.541 AID +0.527 Ln1
(4.01) (2.26) 3.77) (4.67)

R? (adj.) = 0.819, D.W. stat. = 2.001,

)

where L, =natural log; I, = new construction investment in year t, in 1986 prices; (B/C), =benefit-
cost ratio of the investments in year t, evaluated at current prices (forrice prices, Colombo ¢.i.E.);
AID = foreign fund availability index; R?(adj.} = the coefficientof determination adjusted for the
degree of freedom:D.W. stat. = Durbin-Watson statistic; and the figures within parentheses are
t-ratios.
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worth emphasizing that the government did respond to changes in the social profitability of
the investment. It is often said that irrigation-settlement projects in Sri Lanka have always
been a hot social issue in which political and social factors exercised undue influence(e.g.,
Mendis 1989; Nijman forthcoming). Nevertheless, the allocation of government funds for
irrigation construction while being constrained by the lack of investible funds and foreign
exchange reserves, has been guided by economic considerations, i.e., the economic returns
on the investment.

OUTLOOK FOR NEW IRRIGATION CONSTRUCTION

Figure 6 (p.28) reveals that the B/AC ratio of the investments in irrigation construction went
down sharply beginning in the early 1980sand hit an unprecedented low in 1986. Such a
drastic declinewas due partly to the increased construction costs perunitof irrigated land and
partly to the historic low prices in the world rice market. Although the B/C ratio showed an
upward mend after 1986as the world market price of rice rebounded and exceeded the level
experienced in the early 1960s (Figure 5}, its level in 1988was still below 1.0. Irrigation
construction investments have been under atypical phase of diminishingreturns. 1tcouldbe
said that the era of “major” irrigation construction in Sri Lanka is at an end, unless major
breakthroughs in construction or agricultural technology are forthcoming.

A few qualificationsneed to be made in this regard. First, the rates of return to the
investments depend heavily on the price of rice. For example, if the world market price of
rice increasesin the near future to the level experiencedduring the food crisis period in the
1970sthe rates of return on irrigation construction investment will increase, with the B/C
ratio going slightly above 1.0Oat the present level of construction costs (Table9). Thiscould
be checked by estimating the rates of return for three years of the last decade of this century
assumingtheimport priceofricetobethatexperienced from 1974to 1979which ismorethan
300 percent higherthan that in 1986 in terms of the price of ricerelativetoconstruction cost.
The capital cost of construction is estimated from the trend curve, explained earlier.
However, even with such a high price of rice, the B/C ratio will go down quickly lo a level
less than 1.0 by the end of this decade.”

The second qualification is the effect of crop diversification on the rates of return. Since
the mid-1980swhen Sri Lankaattained a state of near self-sufficiency in rice, seriousefforts
have been made to diversify the cropping pattern of the rice-based irrigation systems. Could
the benefits from irrigation construction be increased drastically by switching from rice to

”his always hazardous to predict future foodprices. It may be worthnoting. however. that the World
Bank predicts a declining trend in the world market price of rice after 1989. Its prediction made in
January 1990is asfollows: 1989=100.0, 1990=84.5, 1995=75.1 and 2000=71.2. The predicted level
for the year 2000 is not only less than the level assumed here but less than the 1986 level.
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high-value nonrice crops? Studies on crop diversification's have shown the need to
introduce high-value, high-performance nonrice crops, if crop diversificationis to be an
economically viable option for rice-based irrigation systems.

To check how crop diversification with high-valuenonrice crops affects the profitability
of construction investments, reestimations of the rates of return can be done in a manner
similarto the case of high world market price of rice. Itis assumed that the entire cultivated
area in the yala (dry) season (with a cropping intensity of 0.5 ) is planted with high-value
nonrice crops, such as chili, onion, and gherkin.

At least four sets of estimates are available for cropping intensitiesof the major irrigation
systemsin Sri Lankadepending on the data source and definition. For “irrigatedpaddy land
area” (stock term), two slightly different sets of data are available; one from the Irrigation
Department (ID) and the other from the Departrnent of Censusand Statistics. For “cropped
area” (flow term), either the rice planted area or the rice harvested area (the data available
from the Department of Census and Statistics) can be used in computing the cropping
intensity. Long-term averages of these sets are shown in Table 10. Note that the cropping
intensities in the maha season are less than 1.0. Since crop yields are defined in terms of
harvested area, more consistentwith the context here are the cropping intensities based on
rice harvested areas, which range from 1.20to 1.32for the total (yearly) cropping intensity,
orfrom 0.48t00.53 for the yala croppingintensity. Hereanaveragecroppingintensityof 0.50
is adopted for the yala season.

Table9. Rates of return on the irrigation coustruction investment for different assumptions on
the world market price of rice and crops grown.”

Rates of return®

1990 1995 2000

High world market price:
Import price of rice
(Colombo¢.i.f.) relative
the construction cost mdex;
average for 1974-79° 1.43(13) 1.13(11) 0.89(9)

Crop diversification:
Completediversification
N the yala season with
high performance nonrice crops® 1.47 (14) 1.11(11) 0.88(9)

* For all cases, the technology level of “New Improved Varieties;N=120kg™ for rice is assumed.
The capital cost of construction is estimated on the basis of the trend curve.
* The benefit-cost ratio. The mtemal rates of return are shown within parentheses.

1 See. for example, Miranda (1989), Panabokke (1989).Kikuchi (1990), am, in particular. IIMI
(1990a) and Shandet al. (1990).
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¢ The average relative price of rice for 1974-79 is assumed. The same assumption is adopted in
estimating the benefit. except that the nitrogen price is evaluated by using the price with the
subsidy added, instead of the farm-gateprice.

< 1t is assumed that the entire cultivated area in the yala (dry) seasonwith a cropping intensity of
05 can be planted with the high-performance nonrice crops. The gross value added of the
nonrice craps is assumed to be Rs 72,000/ha, in 1989 prices.

It should be noted, that there are many difficultiesand constraints to face in promoting
crop diversification in rice-based irrigation systems on a wide scale (Kikuchi 1990, lIMI
19904, pp. 168-178): it is difficult to identify economically viable nonrice crops which can
replace rice; some high-value nonrice crops available for farmers to adopt usually require
higherinputintensity aswellasmoredeliberate water managementthan does rice; not all soil
types found in the irrigation systemsare fit for growing nonrice crops; the markets, both for
outputs and for inputs, are not well- developed; etc. There isno doubt that needs as well as
potentials exist for crop diversification, but there are many prerequisites to attaining it,
including the capability to manage water better than for rice. Therefore, the same level of
cropping intensity as for the case of rice monoculture is assumed in the estimation here.
Replacing rice with nonrice crops could cause a system to save water so that the cropping
intensity of the system can be increased. Without deliberate management effortsto make
better use of this saved water, however, crop diversification does not necessarily result inan
increase in cropping intensity.

Table 10. Cropping intensities of rice {asweddumized) land areas under major irrigation

ID data (1950-87) Census and Statistics data (1960-87)
Planted Harvested Planied Harvested
area base area base area base area base

Maha Yala Total Maha Yala Total Maha Yala Total Maha Yala Total

075 050 125 072 048 120 083 05 137 079 053 132

Based on a recent study (I1IMI 1990a), the gross value added of these high-valuecrops is
assumed to be ata level 740 percent higher than that of rice if the Colomboc.i.. price of rice
isat the 1986 level, or 310 percent higher if it is at the 1989level. Forvaluingthericeoutput,
the world market prices of rice predicted by the World Bank are used afterlinking them with
the Colomboc.i.f. price.

The results shown in Table 9 indicate that the full conversion of yala season extent from
rice to high-value nonrice crops increasesthe rates of return slightly. With the unitcapital
costin 1990, the B/C ratio will be raised to 1.5, but it soon goes below 1.0. Giventhepresent
conditions of the construction costs and the level of system management as related to the
cropping intensity,the impact of crop diversificationon the rates of return is marginal, even
if it is with high-value nonrice cropsand with 100 percent of the cropped area in the yala
season.
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Abasic assumptionin thecost-benefitanalysesmade so farfor new irrigationconstruction
isthatthenewly created systemsareoperatedatacroppingintensityof1.3. Theconclusions
obtainedhere will not be changed even if thisassumption isrelaxed. Supposeanewlycreated
irrigation system has a cropping intensity of 2.0 (although it is quite difficult to attain this
level in the dry-zonesettingexcept for a few systemswhich areendowed with exceptionally
favorablewater resources, such asthe Parakrama Samudrasystemand the Mahaweli System
C), the benefits will be increased by about 50 percent overthe case with thecropping intensity
of 1.3. Suchan increase in the benefits is well within the magnitude assumed for the cases
of high world market price of rice and crop diversification.

All analyses in this section, including the two exercises above, pinpoint the rapidly
increasingconstruction costs as the basic cause of a dim prospect for irrigationconstruction.
This trend, as already mentioned, has been due mainly to the fact that construction projects
have shifted from relatively small-scale simple ones to large-scale sophisticated ones
including the transhasin type.'” This leads to the fourth qualification; the analyses done
here are applicable mainly to major irrigation construction projects which require massive
construction efforts. There may be some spots left in the country where new irrigation
systemscanbe set up atreasonably low capital costs. Suchpotentials must not beoverlooked,
though possible projects may be small-scale.

Thelastqualification istheimpactof new irrigation constructiononemploymentcreation.
Many people involved in irrigation construction in Sri Lanka seem to believe that the prime
objective of irrigation construction projects is to create productive employmentopportuni-
ties, benefitsofwhicharebeyondanarroweconomiccalculation This view often leads them
to conclude thateconomicratesofreturn miss thisimportantobjective. Itmay be worthwhile
to point out again that in the cost-henefit analysis the benefits of the irrigation construction
projectaremeasured by theincreasein gross valueadded in agricultural production, of which
the returnsto labor area major component. As far as the employmentcreated in agriculture
is concerned, it is fully counted in. Therefore, low rates of return to the investments mean
that irrigation construction is not a cost-effectivemeans of creating employment.

The following example illustrates this point moreclcarly. If rice isthe crop to be planted
on the newly irrigated area, around 150person days/ha/seasen of employmentare Created.
Labor absorption of rice farming in the dry-zone setting rarely exceeds this level. Witha
cropping intensity of 1.3, the total employment created with rice farming is about 200 person
daystha/year. Thecapital cost ofcreating this level of employment is about Rs 350,000/ha
(with capital interest) in 1986 prices. Suppose the government has the option of earning
interest by depositing this fund in the Ceniral Bank at an interest rate of 10percent per year
(the actual rate is higher than this), the government can earn an interest of Rs 35,000/year.
Suppose the minimum wage rate for unskilled labor in 1986 prices is Rs 50/day the
government can create 7({} person-days of employment from the interest. (Laborers

" The increasing trend in irrigation construction costs might have been due partly to acapital intensive
ti

i d ‘h dogy dp dir 1 recentd ig Mt projects. Though this
£ i has 10t been exi n i it seems that serious attention should be paid o the question whether
1t chml  adoptedi Hi¢ tion is * iate” under d & prices prevailing

in the country,
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employed can be used for whateverwork; e.g., for maintenance work in Irrigationsystems.)
The employment created by constructing an irrigation system is less than 30 percent of this
option.

Thissituation will notchange, even if the employment created by the construction project
itself is taken into account. Suppose 30 percent (a generously overestimated figure) of the
constructioncost(Rs200,000/ha withoutcapitalinterest) isfor hiringunskilled laborers, then
1,200 person days/ha of labor are employed for the construction. **Annualizing"'this by
applying a 10 percent discount rate, the total employment generated by the project is
estimatedtobe 320 (i.e., 200+120) person days/ha/year, which is stll far less than 700 person

days/hafyear, It should be clear enough that irrigation construction under the present
conditions cannot be justified even from the perspective of employmentcreation.”*

* Advocatesof irrigationconstruction oftengo further, claiming that spillover effects of employment
created hy irrigationprojects which are usually not takeninto account in acost-benefitenalysis must
not be overlooked. It is true that any income generated by a certain project has income multiplier
and linkage effects; it induces income generation outside the project. There seems, however, no
reason to assume that the incomemultiplier and linkage effectsof irrigation construction projects
are higher than other kinds of investment projects (e.g., an investment project to create an industrial
zone for labor-intensive light industries).



CHAPTER 5

Rehabilitation and Water Management
Improvement

As OBSERVED IN Chapter 3, a new trend in irrigation investments emergedin the late
1970s: investmentin irrigaton system rehabilitation'® rapidly increased its share of the
total irrigation investment. Then, after a short time-lag came water management improve-
ment projects. It was hypothesized that irrigationdevelopment in Sri Lanka has come to a
stagewhere, with the enlarged irrigated land base resulting from the massive investmentsin
irrigation construction in the past, the profitability of investments in improving and
enhancingthe qualityof existing systems becomes higher relativeto thatof new construction.
This hypothesis can be examined by estimating the rates of retum of selectedrehabilitation
and water management projects.

Therehave been four major rehabilitation projects in SriLanka, of which twoareongoing.
Thetwo compieted projects, the Tank Irrigation Modemization Project (TIMP) covering five
tarkirrigationsystems,and the Gal OyaWater Management Project (Gal Oya) are selected
for the post-praject cost-benefit analysis of this study.® Among water management
improvement projects, three are chosen for which detailed data on project-costsas well as
changes before and after the projects are available; these are the water management
improvement projects implemented in the Kimbulwana, Pimburettawa, and Nagadeepa
systems. Detailad descriptions of these projects, together with the data used, are given in
Appendix II,

The same method of cost-benefit analysis used in the constant price estimation of new
construction investmentsisapplied to thesechosenprojects:boththecapitalcost andbenefits
are valued at 1986 prices, and the benefits are measured by the increases in agricultural
income (grossvalue added) due to the projects. As the sources of the benefits are numerous
and oftenelusivein the case of rehabilitation/water managementprojects, it is more difficult
to estimate the benefits accruing from the investments. In this study, only two sources of
possible project benefits are taken into account, changes in cropping intensity (including
imgable area increase) and reductions in yield gaps between the head-end and tail-end

¥ Irrigation system rehabiliation projects usually intend not only © bring up deteriorated physical
structures to the original design levels but also to modernize them. Inthis sense, it isbetter that these
projects are called irrigation system modemnization projects. He, the conventional term of
rehabilitation is used 1o represent these projects.

* The two ongoing projects are the Major IrrigationRehebilitationProject(MIRP), and telrigation
System Management Project (ISMP),
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sectionsdue tobetterwaterdistributionaftertheproject. Generalyield increases due to better
water availability/management after the rehabilitation/water management improvement
projects are not taken into account because it is rather difficultto isolate such an impact on
yield from “autonomous” yield increases over time. In many irrigation projectappraisal/
evaluationreports, this kind of “autonomous” increases in rice yield are assumed to be a part
of the project benefits. It is difficultto understand why such increasesinyield are reated as
a benefit of the projects without verifying whether the projects really contributed to the
increases. They mustnotbe included inthe projectbenefits, unlesstheyare clearlydue to the
projects.

Rice is assumed to be the crop grown and its unityield is identified by system. based on
the average level attained in each system after the project, except for TIMP in which the
technology level “New Improved Varieties: N=120kg" is assumed. as it was for new
construction.The average rice production functions used to estimaterice yield forthe new
construction projectscan be applied for all the rehabilitation and water management projects;
the yield level of each systemiswell-representedby these functionsif the variety mixistaken
into consideration. Since the data on variety shares are not available for some systems, the
actual post-project yield levels are used to avoid any overestimation of the benefits. A general
principle adopted here is to take the lower bound in estimating benefits from the rehabilita-
tion/water management projects. The gross value added ratio of the rice production is
assumed to be 80 percent.

As tgthe operation and maintenance (O&M) cost, itis assumed thatan amount of Rs 740
per hectare, the sameas for new construction projects, is necessary to sustain the benefits of
major rehabilitation as well as water management projects. There is little information
available on the “maintenance” needs of water management projects. particularly of teir
“software” side. As mentioned later, the real difficulty in this respect is that it is not known
how to sustain the benefits of water managementprojects and thereforeit isnot known what
costs are specifically involved. By assuming a rather high level, it is expected that
maintenance requirements, if any, are well within this assumed level.

A 20-year lifetime of project benefits is adopted for major rehabilitation projects,
following the conventional assumption made in this kind of project. F a the water
management improvement projects the lifetimeis assumed to be 15years. Just as for the
“O&M requirements” little information is available on the durability of water
management projects. The rationale behindthe assumption of a 15-year lifetime is that
the benefits can be sustained if appropriate O&M is carried out after the project.
Considering the highly volatile nature of the projects. the resultsof alternativeestimations
made under differentassumptionsare presented in Appendix II. It is mentioned there that
alternative assumptionson the lifetime do not change the conclusions made here.

It should be mentioned that the projects are treated as independent of the construction
projects that preceded the rehabilitation/water management projects. The capital COSts are
specificto the project, and do not include the “‘sunk™ costs of system construction,and the
projectbenefitsare measured over and above what have been generated by the construction
projects. It is necessary to treat these projects in this way as the purpose of analysis here is
to compare the economic performance of these projects with that of irrigation construction.

The results of the estimationsare summarized in Table 11. The rates of return on new
constructioninvestmentsin the 1980s are also given for comparison.
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As expected, both the major rehabilitation projectsstudiedshowrates of return higher than
those fornew construction. In particular,the Gal OyaProject revealshigh rates of retumon
the rehabilitation investments. Itisinteresting to notice that the level of profitability of this
project is almost the same as that of the investments in new irrigationconstruction 40 years
agowhen the irrigation sector started its construction phase, just after independence, The Gal
Oya case gives clear support to the hypothesis that rehabilitation is a more lucrative
investmentopportunity than new construction at the present stage of irrigationdevelopment
in Sri Lanka. The result of this Gal Oya case when compared with the new construction case
gives statistical support, in the Sri Lankan context, 1a statement ma& asearlyas in 1976
“.... the cheapest way to increase production by 1 ton/hafyear of paddy iS ... (irrigation
rehabilitation), ... In general, dl (imigaticndevelopment) methods involving new land ...
are not advisable, because they cost mere and take longer time than others, which further
deteriorates their economic retums' (Okita and Takase 1976, pp. 7-8; words within
parentheses were added by the authors).

Table 11. Rates of returnonirrigation investments inthe 1980s: Comparison of BIC ratios and internal
rates of return of NEW construction, major rehabilitation, and water management improve-
ment projects, based on 1986 price estimates.

B/C ratio Internal rate
of return (%)
I. New construction Projects: 1
The average for the 1980s* 0.8 9
I. Major Rehabilitation Projects:
TIMP? 11 11
Gal Oya 2.3 2
m. Water Management Projects:
Kimbulwana 134 83
Pimburettawa 74 77
Nagadeepa 04 6

* For he technology level ""NewImproved Varieties; N=120kg" and the estimated construction costs
(From Table 7).

" The rate of return of the Tank Irrigation Modemization Project is based on “would-be” benefits assumed in
the project appraisal report. For all other rehabilitation and water management projects, the project benefits
are based on the data that show changes before and after the projects,
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However, a major rehabilitation project is not necessarily as successful as the Gal Oya
Praject, asillustratedby TIMP . The differencein the rates of return between TIMP and new
construction is marginal. It must be noted that, unlike for other rehabilitation/water
managementprojectsstudiedhere, therate of return for TIMP is the “higher bound” estimate;
for this project, the assumed changein cropping intensity. the largest source of the project
benefits, is not based on the actual data but on the project appraisal reportdata. The actual
internal rate of retumn of this project could be lower than 10 percert (see Vithanage 1982).

It has been pointed out that TIMP, as the first majorrehabilitationprojectin the country,
encountered many difficultiesin implementation, Particularly Serious was its strong bias
towardengineeringandcapital-intensiveactivitieswhile giving little attentionto the fanner-
beneficiaries in the design and O&M processes (¢.g., Murray-Rust and Rao 1987). It issaid
that the most valuablecontribution made by TIMP was thatit provided many useful lessons
to the rehabilitation projects that followed it. It is suggested that the Gal Oya Project, said
to haveabsorbed many usefullessons from TIP (Merrey and Murray-Rust 1987), hada far
better economicperformance than its predecessor. The potential of inmigation rehabilitation
projects can be more effectivelyrealized when due attenticn is given to the institutional and
management aspects of the project

More striking are the very high levels of economic performance that some water
management improvement projects achieved (Table 1). Even with conservative assump-
tions made in evaluating the project benefits, the Kimbulwana and Pimburettawa projects
yielded internalrates of return as high as 70to 80percent, implying that such projects have
been severely underinvested. **

Itis not surprisingat all, however, to see such results for water managementprojects if
one looks into the present state in which many of the major irrigation systems in 31 Lanka
rue being operated and maintained resulting in inequitable water distribution, considerable
wastage of water by head-end farmers,poor management of water in themaha (main) season
thatleads to water shortageinthe yala (secondary) season, and poor maintenance of physical
structures thatresultsin the rapid deterioration of irrigation performance. Programs to rectify
these defects, on the one hand, resultin substantial improvementsin system performance, and
on the other, do not require much financial investment.

However, itmust be pointedout that not all water management projects are successful, Of
the three projects studied, any systematic improvement in system performance, after the
project, was not detected for the Nagadeepaproject. At best, assuming no O&M costs, the
B/C ratio of this project was 0.4; it generated benefits which were much less than the
investment costs. An important differencebetween this and e other two projects can ke.
observed in their components related to physical structurs improvements; rehabilitation
and/or modernization components, howsoe ver minor. accompanied institution building and
water management improvement activities in the Kimbulwana and the Pimburettawa

# Such high levels of internal rates of return may not be common in the irrigation sector where the
economic feasibility of construction or major rehabilitation projects is usually argued as revolving
around the break-even rate of 10 percent. But, it is not uncommon Inthe public sector where large
economic potentialsare often left unexploited because of market failures. A typical example of such
acasecan be found nagricultural research for peasant crops, where it Enot rare to findinteral rates
ofreturnashighas 50-100 percent because of underinvestments(see.e.g., EvensonandKislev 1975).
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projectswhereasthey were largely absent in Nagadeepa. Thecapitalcostperhectareofthese
water management projects, in 1986prices, can be roughly broken down as follows;?

Kimbulwena Pimburettawa Nagadeepa
_______ Rstha — — — — — — —
Rehabilitation of
physical stuctures 4332 4,734 596
Institution building 0 902 621

It shouldbe noted thattheamountspent for physical improvements in Nagadeepa was less
than the assumed C:&M cost per hectare, and that the rehabilitation component was quite
similar for Kimbulwana and Pimburettawa, i.¢., 1JS$160/ha using the average exchange rate
of US$1.00 =Rs28.00 in 1986.

An important lesson that could be derived from these experiences is the importance of
physical structure improvements as a precondition to achieving letlar water management
throughfanners' participation and cooperation, Thetwosuccesscases suggestthatrelatively
modest investments in rehabilitation are sufficient to provide the besis for significant
improvements in water management.

Although the limited number ofsample projects, both for major rehabilitation and for
water managementimprovement, restricts amore complete test of thishypothesis. evidence
athand is sufficientto conclude. that as long as they are properly designed and implemented
the economic performance ofthese projectsis far better then that of new construction. The
rapid increase in rehabilitation investmentsand proliferation of water managementprojects
inandafterthelate 1970s musthave been induced by such changes in the relative profitability
of these investments.

One may argue that even if the rates ofreturn are higher for rehabilitation and water
managementprojects the absolute value of benefits generated from such projectswould be
farlessthan that from new c¢onstruction projects. If thatis the cass, considering the overhead
and other transaction costs involved in project preparation and implementation which were
not taken into account in the cost-benefit analysis in this paper, might it not be worth pursuing
the opportunitiesfor rehabilitation and water management improvement? A comparison of
the Net Present Value of the projects givesa clearanswer to thisquestion. The Net Resent
Value, defined asthe present value of the total projectbenefits less the present value of the
total project capital investments. is estimated for new constructionand rehabilitation/water
management improvement for three systemsand the results are compared in Table 12

In the case of the Gal Oya system, the Net Present Value of the new construction project
in 1986 prices iSRS 1459 million while that of therehabilitationprojectis RS 1,055 millian;
the benefits generated by the latter are as much as 72 percent of that of the former. If the
benefits of the new construction projectare prorated, according to its command area share,
to the Left Bank to which the rehabilitation project was confined. the Net Present Value of
the rehabilitation project is even larger than that of the new construction project.

® [For details of the data, see Appendix IL
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Similar results are obtained for the water management projects. For the Kimbulwana
system, the absolute value of the benefitsgenerated by the water managementprojectisonly
20 percent less than that generated by the new construction project. Among the three new
consauction projects, the Pimburettawa one had the best internal rate of return, resultingin
arelatively high Net Present Value of the construction project. Even for Pimburettawa, the
Net Present Value of the water management project is nearly 50 percent of the new
consauctionproject.

Table 12. Comparison of the Net Present Values of new construction and rehabilitation'water
management improvement projects of selected irrigation systems m Sri Lanka, in 1986
prices.

New Rehabilitation/
construction water management
1) 2 )
Gal Oya
Construction period' 1949-61 1980-87
Command area (ha) 38,000 25,000¢
Total capital cost® (Rs million) 2,190 450 0.21
Internalrate of return (%) 12 24 2.00
Net Resent Value' (Rs million) 1,459 1,055 0.72
(960’ (1.10)
Kimbulwana
Construction period' 1953-62 1979-80
Command area (ha) 560 666°
Total capital cost® (Rs million) 218 29 0.13
Internal rate of return (%) 16 83 5.19
Net Resent Value' (Rs million) 533 413 0.77
Pimburettawa
Construction period* 1969-75 1986-89
Command area (ha) 1,619 2,153
Total capital cost® (Rs million) 89.0 121 0.14
Internal rate of return (%) 25 7 3.08
Net Resent Yalue® (Rs million) 168.2 813 0.48

* For the new construction projects, the end-year is defined as the year by which time 90 percent of the total
capilal investment was made.

* Capiltal interest during the gestation period is not included.

© Net Present Value of project = total cepitalized benefits (net of O&M coats) minus total capital investment
costs. Costsand benefits a N compounded/discounted by an interest rate of 10 percent.

4 For the Left Bank only.

= The command ares after the project.



REHABILITATION AND WATER MANAGEMENT IMPROVEMENT 43

Thus, it can be concluded that investment I rehabilitation and valer management
improvement represents a valuable economic opportunity not only in terms of the rates of
return but also in terms of the absolute value of the benefits 1 society.






CHAPTER 6

Implications for the Future

Tuz MOST mvporTaNT general conclusion of the analysis of the investment trends in the
irrigation sectorin Sri Lanka sinceindependence is that the emphasisin the development of
the irrigation sector has shifted markedly from the construction of new irrigationsystemsto
rehabilitation/madernization, coupled with institutional improvementsin the management
of the existing systems.

Despite several gaps in the data it should be reasonably ¢lear from this analysis that, given
the state of irrigation development in the country and present levels of technology in
agriculture and in construction engineering, little economic potential is left to be exploited
by new irrigation construction. Thisdoes not deny the fact that there may yet be some few
potential for developing small- to medium-sized new irrigation systemsata few locationsin
the country. Generally speaking, however, the era of major irrigation construction in 1
Lanka is atan end.

With the irrigation infrastructureand the land base now well-established, investment in
X Lanka's irrigation sector shouldbe directed to and focused upon system rehabilitation or
modernization and improvement of the management of existing inigation systems. The
potential for maintaininggrowth in agricultural outputand income through these activities
is high, with improved irrigation management representing an oppertunity to be more fully
exploited.

R/Vithin the range of economic conditionslikely to be encounteredby the irrigation sector
in the near future (e.g., higher prices in the world rice market due to food shortages, the
potential of crop diversification with high-value nonrice crops in rice-based irrigation
systems), this new direction for irrigation sector investment, firmly estzblished by the late
1980s, will continue to cutperform construction-oriented investment® Through such a
change in irmigation sector investment, Sri Lanka can go into the "*management”*phase of
irrigationdevelopment, putting an end to the “construction bias™ built up during four decades
of the "construction*phase.

3 The results of the sensitivity analyses of therehabilitation and water management projects were not
presented because the alternative scenarios assumed for new construction projects affect the rates of
return Tor these projectsequally, or evenmore strongly, and therefore, donot alter the conclusions.
For example, the internal rate of return of the Gal Oya rehabilitation project of 24 percent will be
brought up to 53 percent with the higher price of rice, and to 63 percent with the crop diversification
scenario assumed in the Sensitivity analyses.
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The potential provided by the new direction is limited by the irrigated landbase now in
place. A rough idea of this limit may be given as follows: The total irrigated land area at
present is around 520,000 ha with a cropping intensity of 1.3. If the cropping intensity can
be increased to 2.0 by rehabilitation and/or better water management, 364,000 ha of
additional crop area can be brought in. Thisis equivalentto creating new irrigation systems
with a total command area of 280,000 ha (almost equivalent to the total command area
envisaged by the entire. Mahaweli Project upon completion, or more than 50 percent of the
present oA irrigated land area) at the present cropping intensity of 1.3.

Agricultural development is a necessity for $ri Lanka’s economic growth. The major
development efforts of the government since independence have been directed at the
agricultural sector in general and toward irrigation development in particular. Countries
which neglected agricultureat the early stages of their economic development have paid a
heavy price in terms of lost development. Si Lanka Seams to have avoided this trap. The
developmentof irrigation has been critical for the agricultural development of StiLanka, and
it continuesto be so,with a different emphasis. Maintainingand upgrading the performance
would be consistentwith the overall national developmentpolicy of attaining a higher level
of performance of the entire economy.

The economy of the country as a whole needs to be diversified. An important role of
agriculturein development is to supplyresources to te.rest of the economy. Sofar, thii role
has been played in Sri Lanka by the tree plantation sector (tea, rubber, and coconut); the
resources that the rice sector hasbeen absorhbing fran the rest of the economy, the major part
of which has been for irrigation construction, are roughly comparable to the “agricultural
surpluses” that the tree sector has been generating. Thorbecke and Svejnar (1987) have
established the total net tax and levies fromthe tres plantation and the ol producer and
consumer subsidiesto the rice sector (exceptirrigation investments) for 1960-1982, and itis
foundthat theratiobetweenthe total subsidies to the rice sector (total producer and consumer
subsidies to the rice sector plus public irrigation investments)and the total net taxand levies
fram the tree sector is around 1.0for most of the years during this period.

Theshiftfromthe constructionto the managementstageinthe irrigation sector will release
tre bulk of these resources to the other sectors of the economy, in addition to providing
foreign exchange savingsfearnings if the sector is successful in crop diversification with
import substituting and/or export promoting nonrice crops.

The resources that will be released from the irrigation sector by the shift from the
construction stage to the management stagecould beroughly assessed by assuming
that: 1) the irrigated land area of the country remains at the present level of about 0.5 million
ha (major and minor irrigation); 2) this existing irrigated land base reguires rehabilitation or
modemization every 20 years so that 25,000 haneedrehabilitationeach year;3) capital costs
of rehabilitation/modernization are at the level needed for the Gal Oyarehabilitation project
(about Rs25,000/ha in 1986prices — the “rehabilitation” needs for the water management
improvement projects in Kimbulwana and Pimburettawa wete one-fifth of thislevel); and 4)
O&M needsareRs 740/ha in 1986prices forthe entireirrigated area (the actual government
O&M expenditureswere aboutRs 300/ha for the major irrigation systemsand no expenditure
was incurred by the government for the minor irrigation systems of about 180,000 ha), Based
on these assumptions, theannualinvestmentneeds are estimated to be aroundRs 995 million,
which is less than 30 percent of the average annual toal irrigationinvestments for the period
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1978 to 1988 (the third investmentpeak period). At least 70 percent of the fundswhich have
been invested in irrigation developmentcould be released for other development purposes.

During the four decades since independence, the government. together with international
donoragencies, has been respondingrationally to theeconomicopportunitiesthat have been
provided by the irrigation sector, by developingthe irrigation infrastructure. Itis reasonable
toexpect that the government will respond positively to the new opportunities as well. Infact,
though after a certain time-lag, many steps have been taken in the new direction. Many major
rehabilitation as well as water management projects have been initiated and more are
forthcoming. Some important principles that these projects must follow have been already
established on the experiences of the recent pest. The necessity for a major rehabilitation
project to put heavy emphasis on institutional aspects of project implementationand system
O&M isan example of such a principle.

Changes in the governmentpolicy toward the irrigation sector areclearly visible (Seefor
example, IIMI 1986 and 1990b). Above all, the Irrigation Management Policy Support
Activity (IMF’SA), which is a new policy formulation process launched in 1990 for the
transition from theconstruction tothemanagementstage, represents a conscious government
and donor response to the changing emphasis in the sector IMPSA 1990).

However, there are many unknownsto be faced in guiding the irrigation sector to the new
direction. The economic potentials of new opportunities are large and realizable, as
exemplifiedby the “success” cases of major rehabilitation and water management projects
studied in this paper, but the conditions necessary and sufficientto realize the potentials,
particularly of the latter, are not fully known. In the case of Kimbulwana, @ successstory of
a water management improvement project, the Technical Assistant attached to the system
played a key role in the project; without him there might have been no success (Gunadasa
1989). The question then arises as to why those in other systems failed. Even for this project,
there has been some criticism of the mode and sustainability of the project (Weeramunda
1985). Athukorala and Athukorala (1990) raise the same question of sustainability for the
Pimburettawa case.

What are the decisive factors that made certain projects successes and certain others
failures? How can a successful water management project be sustained? No systematic
answers seem to have been given to the fundamentalquestions, and the replicability of these
“success* cases is not assured without the answers. More research is needed in this field; the
profitability is firmly insured by the huge economic potertial of the water management
improvementprojects themselves.

Finally, it should be mentioned that the experience in the irrigation sector in Sri Lanka
could be typical of many other countries in the Asian tropics where land is the most scarce
resource. Being a small island country, the change in emphasisin the development of the
sector has been clear as if observationswere made in a laboratory. In large countries with
many regions in diverse stages of development, it may be more difficult to identify such
changes in the irrigation sector at the national aggregate level. Having had a construction
stagein the last few decades, however, the irrigation sectorin many of these countries should
have reached a stage similar to that in Sri Lanka by the 1980s. The Sti Lankan experience
revealed in this paper illustrates that the “management” orientation is inevitable in the
irrigation sectorin Asia, and that the economicpotentialsof pursuing thatdirectionare large.
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Even if there are some potentials left 1 be exploited for new irrigation construction in
some regions of some ¢ountries, the “management” orientation must accompany the
development efforts. Infact, the “construction” and “management” stages are not mutually
exclusive; the potentials for irrigation management per se, aside from the rehabilitation/
modernization, would not have emerged if the two had gone together. The fact thekhuge
potentialsexist forirrigation management improvement means that this hasnotbeenthe case
in SriLanka or in other developing countries of Asia.




APPENDIX |

Basic statistics used in the study and their original data sources

Datarelatedtoareaandweight are expressed in the metric system. The following conversion
factors are usedthroughout:

1hectare = 2.471acres
1bushel (rough rice) 20.86kg
1kgof roughrice = 0.671kg of millled rice

In the statistical tabla that follow, na stands for *‘dataare not available."
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TableAl-1. Domestic production, imports, and domestic and import prices of rice. 1949-89, SriLanka,

Domestic Rice Self. Price of rice®
fice imporis® sufficiency Market Colombo
production® in rice (%) (Rs/kg) c.i.f.
163 @ 1 (Rs/kg)
— L,000mt—— (1)H2) &) @

1999 317 602 A na 038
1990 € 0¢] 744 2 na 037
161 459 600 43 na 0.®
1982 603 606 50 na 0.4
19853 457 612 43 0.8 0
1954 649 60L 52 056 046
1956 745 55 % 054 0.3
19656 561 74 143 055 0.3
19%7 731 46 054 0.3
1988 764 720 51 (0]55) 0.3
1959 9 871 47 055 0.2
1960 897 189 5 0% 031
1961 89 700 5 055 031
192 1arp 613 62 0.51 0.2
1963 1,026 602 63 0.51 0.2
1964 1,065 a3 52 0.51 0.3
1965 76 419 64 0.54 03s
1966 955 105 48 053 036
1967 1,156 511 69 0.6 040
1958 1,36 552 71 0.3 oe
190 1,374 461 IS 0.73 056
1970 166 716 69 071 0.4
1971 1396 440 76 0.8 044
1972 1,312 446 s 0.7 036
1973 1312 507 72 1.8 03
1974 1,602 444 78 1% 183
1975 1.1%4 693 19 148
1976 1353 563 ® 1. 13
1977 1,677 S 0¢] 68 10 1.4
1978 1,890 278 87 1% 28
19/ 1,917 315 & 204 28
1980 2,133 Al 3] 246 3a
1981 2229 250 90 33 38
1982 2143 20 & 356 35
1983 2,484 219 92 357 3.8
194 2,413 57 98 3 34
1985 2.1 314 8 338 356
196 2,58 344 8 4.3 3®
1987 2,128 183 92 4.27 4(8
1988 2,477 313 & 4.13 577
1989 2,063 471 al 5.6 731
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¢ In rough rice.
* In rough rice equivalent,
= Rough rice.

Sources: (1) For 1949-51, Central Bank ofSri Latika, Review of Economy, varions issues; for 1952-87,

Sri Lanka, Department of Census and Statistics (1988); for 1988-89, Central Bank of Sri Lanka
{1989D).

(2) Cenral Bank of Syi Lanka, Review of Economy, various issues.

(3) For 1953-80, Intemational Rice Research Institute (1988); for 1981-84, Sri Lanka, Department
of Census and Statistics, Statistical Abstract, various issues; for 1985-87, Central Bank of Sri
Lanka (1989a).

(4) Central Bank of Sri Lanka, Review of Economy, various issues,
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TableAl-2. Area planted to rice and rice vield. 1950-88. Sri Lanka.

Area Rice yield
Yield by zone and bv season
Besad on Based on Wet zone Dry zone
Planted Harvested planted harvested Maha  Yala ~ Maha  Yala
(ha) (ha) area area
¢)) (2) (3) @ )] (6) N (8)

_________ (m[fha) N —

1950 432 396 0.70 0.76 na na na na
1951 435 402 106 114 na na na na
1952 470 446 1.28 135 148 131 167 190
1953 424 384 108 119 135 12 1.37 176
1954 508 486 128 133 140 135 163 1.70
1955 545 520 137 1A3 165 1.50 159 151
1956 473 426 119 132 1.68 1.28 1A7 172
1957 488 460 134 142 191 141 161 1.95
1958 560 501 136 152 1.75 152 175 1%
1959 530 497 143 152 1.82 167 1.66 205
1960 594 564 151 159 191 175 1.84 2.00
1961 580 569 155 158 1.80 1.73 1.80 204
1962 622 604 161 166 201 170 2.00 211
1963 632 617 158 167 1.99 183 1.95 212
19M 542 621 196 171 204 186 1.99 213
1965 589 503 128 1.50 1.89 165 171 1.93
1966 653 612 1A6 156 189 163 196 2.00
1967 663 634 173 181 195 191 218 241
1968 705 662 190 2.04 233 2.06 251 2.52
1969 693 623 198 221 2.58 223 269 2.70
1970 759 718 213 225 259 217 272 2.86
1971 725 694 192 201 222 2.06 237 274
1972 724 639 181 2.05 2.39 212 255 248
1973 726 672 1.80 195 1.98 201 247 242
1974 805 797 199 2.01 2.36 168 256 223
1975 687 597 1.68 193 221 191 255 233
1976 717 635 175 1.97 215 168 257 2.36
1977 824 782 203 2.14 213 195 289 251
1978 871 839 217 225 219 229 291 256
1979 839 789 228 243 239 211 297 299
1980 845 821 252 2.60 246 234 297 310
1981 876 842 254 2.64 261 238 310 335
1982 844 746 254 2.89 290 2.60 333 384
1983 824 778 3.01 3.19 301 285 397 403
1984 990 886 244 2.73 2% 256 3.04 316
1985 881 864 3.02 3.08 3.06 259 3.67 377
1986 896 835 2.89 3.10 2.96 264 381 368
1987 782 679 272 313 312 295 3.88 383
1988 868 725 285 342 305 na 3.60 na
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Sources: (1) and (2) Sri Lanka, Department of Census and Statistics, Statistical Abstract, various issues.
(3) and (4) from colomn (1) of Table Al-1 and columns (1) and (2) of this table.
(5) through (8) Sti Lanka, Depariment of Census and Statistics, Statistical Abstract, various issues.
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TableAl-3. Rice land area by type of irrigation, irrigation ratio, and cropping intensity, 1948-87,

Sri Lanka.
Rice land area’ Irrigation ratic  Cropping
intensity®
Irrigated® Rain-fed Total ol Major

Major Minor Lift  Total irrigation

irrig-  irmig-  irTig-

ation ation ation

(1) 2) @& @ &) (6)

————— 1,000 ha — — — —— (LK4) (1K) (4)K6)
1948 814 1597 0O 2411 1621 4032 34 20 60 na na
1949 846 1607 OO 2453 1621 4074 34 21 60 na na
1950 882 1637 0.0 2519 1592 4111 3B 21 61 1B 113
1951 945 1647 0.0 2592 1551 4143 36 23 63 105 113
1952 1028 1662 0.0 2690 1489 4179 38 25 64 112 122
1953 1099 1669 0.0 2768 1572 4340 40 25 64 98 100
1954 1163 1675 0.0 2838 1645 4483 41 26 63 113 118
1955 1201 1683 0.0 2884 1655 4539 42 26 64 120 127
1956 1231 1693 0.0 2924 1620 4544 42 27 64 104 99
1957 1248 1696 0.0 2944 1608 4552 42 27 65 107 115
1958 1291 1700 0.0 2991 1660 4651 43 28 64 120 119
1959 1334 1708 0.0 3042 1715 4757 44 28 64 111 110
1960 1356 1711 0.0 3067 1694 4761 44 28 64 125 136
1961 1400 1716 00 3116 1729 4845 45 64 120 127
1962 1440 1721 00 3161 1759 4920 46 29 64 126 136
1963 1473 1726 00 3199 1784 4983 46 30 64 127 140
1964 1517 1729 03 3249 1792 5041 47 30 64 107 138
1965 1580 1746 03 3329 1828 5157 47 31 65 114 119
1966 1627 1755 07 3389 1826 5215 48 31 65 125 138
1967 1861 1762 11 3634 1977 5611 51 33 65 118 116
1968 1905 1863 14 3782 1999 5781 50 33 65 122 124
1969 1926 1865 16 3807 1994 5801 51 33 66 119 116
1970 1936 1830 21 3837 1997 5834 50 33 66 130 136
1971 1940 1880 23 3843 2000 5843 50 33 66 124 131
1972 1944 1880 25 3849 2052 5901 51 33 65 123 126
1973 1958 1880 28 3866 2105 5971 51 33 65 122 126
1974 1970 1880 37 3887 2085 5972 51 33 65 134 139
1975 2532 1730 37 4209 2106 6405 59 @9 67 107 84
1976 2532 1780 37 4349 2195 6544 58 66 110 93
1977 2586 1810 37 4433 2239 6672 58 39 66 123 110
1978 2614 1843 37 4494 2224 6718 58 39 67 130 122
1979 2672 1843 37 4552 2224 6776 59 39 67 124 123
1980 2692 1843 37 4572 2241 6813 59 40 67 124 123
1981 2770 1843 37 4650 2171 6821 60 41 68 128 126
1982 2858 1843 37 4738 2213 691 60 41 68 121 121
1983 2887 1843 37 4767 2199 69%6 61 41 68 118 179
1984 2940 1843 37 4820 2199 7019 61 42 69 141 145
1985 296.2 1867 37 4866 2199 7065 61 42 69 125 133
1986 320.2 1867 37 5106 2199 7305 63 44 70 123 127

| 1987 3269 1867 37 5173 2199 1312 63 44 70 106 113




56 IRRIGATION INVESTMENTTRENDS N SRI LANKA

TableAl4. Land area (in 1,000 ha) planted torice, by zone, by type of irrigation, and by season,
1950-87, SriLanka.

Drv wne Wetm e

Major Minor Rain-fed Major Minor Rain-fed

Maha Yala Maha Yala Maha Yala Md& Yala Maha Yala Meha Yala

1950 460 405 426 140 712 101 71 60 143 123 909 641
1951 441 483 294 260 726 120 76 70 171 138 866 701
1952 594 521 571 212 731 86 73 68 200 144 820 684
1953 515 445 374 156 687 86 74 70 199 129 802 703
1954 670 362 580 319 732 127 77 63 220 162 840 725
1955 768 618 617 377 791 171 80 63 228 169 85 716
1956 776 301 584 123 819 93 77 62 242 158 836 656
1957 738 549 445 197 839 111 84 59 269 188 810 623
1958 794 596 646 421 877 209 80 64 275 211 731 692
1959 784 533 546 280 891 172 88 65 298 226 770 649
1960 956 728 681 341 933 185 89 67 288 228 781 668
1961 977 653 736 304 932 134 85 62 290 237 763 631
1962 996 816 783 427 958 177 81 65 200 223 770 630
1963 1093 815 812 393 999 157 88 59 298 224 761 625
1964 1087 843 849 336 1029 175 88 72 206 238 755 650
1965 1070 650 713 282 1036 144 97 60 315 230 756 540
1966 1164 902 829 34.0 1074 165 111 65 320 228 754 575
1967 1149 81.0 858 307 10583 209 115 80 318 260 763 70.2
1968 1273 869 945 244 1177 177 126 91 323 258 799 Vil
1969 1327 651 1002 225 1163 167 129 118 336 255 836 718
1970 1343 1052 1025 39.1 1151 207 128 111 332 266 840 743
1971 1335 962 907 339 1103 218 128 117 336 263 831 715
1972 1411 793 900 329 1143 245 139 117 331 261 857 717
1973 1445 741 910 292 1086 259 144 129 333 278 856 782
1974 1560 950 988 383 1193 277 115 110 351 313 912 882
1975 1221 679 642 249 1058 246 113 108 35A 314 972 919
1976 1312 849 761 285 1062 259 116 87 347 264 979 853
1977 1692 924 1032 371 1i86 284 117 101 341 287 978 926
1978 1824 1155 1236 327 1222 285 115 103 335 263 977 872
1979 1937 1146 1198 225 1283 198 110 90 311 212 941 735
1980 1956 1125 1168 256 1250 246 121 102 305 217 937 767
1981 2089 116.8 1189 243 1316 215 127 106 320 238 923 830
1982 216.3 1064 836 265 1248 253 130 113 322 248 923 826
1983 2214 1291 942 202 1281 205 132 93 328 182 932 440
1984 2287 1742 1126 624 127.9 294 127 108 326 244 920 825
1985 2246 1453 1000 300 1092 214 125 106 338 266 839 781
1986 2258 1596 99.2 392 961 256 125 105 341 271 882 784
1987 2166 1315 727 211 862 222 126 100 344 254 855 636
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Compilation: The dry zone includes the districts in the imermediate zone. The districts included in the wet
zone are Colombo, Kalutara, Gampaha, Galle, Matars, Kegalle, Kandy, Nuwara Eliya, and
Ratnapura.

Sources: For 1950-84, Sri Lanka, Department of Census and Statistics, Statistical Abstract, various issues; for
1985-88, Sri Lanka, Department of Census and Statistics, Paddy Statistics, various issues.
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Table Af-5. Fertilizer use, nitrogen price, and modern variety ratio, 1950-87, Sri Lanka.

Fertilizer" Modem variety ratio®
Total  Fertilizer Fertilizer Nitrogen New old Total
fertilizer  for rice use per unit price Improved Improved
consumption only  area sown® Varieties Varieties
M 2 3 ) (5) (6) Q)
— (1,000mi}—  (kg/ha) (Rs/kg N} ———AR———

1950 31 03 )3 na 0 0 0
1951 33 06 1 na 0 0 0
1952 29 08 2 na 0 0 0
1953 45 17 4 na 0 0 0]
1954 48 23 5 na 0 0 0
1955 53 30 6 na 0 0 0
1956 81 53 11 na 0 0 0
1957 50 38 8 na 0 0 0]
1958 47 40 7 195 0 2 2
1959 68 74 13 153 0 7 7
1960 70 55 9 120 0 15 15
1961 75 7.7 13 0.62 0 18 18
1962 79 10.2 16 0.61 0 22 22
1963 84 122 19 064 0 30 30
1964 92 158 25 0.76 0 41 41
1965 87 114 18 093 0 42 42
1966 91 139 21 088 0 48 48
1967 94 245 35 0.88 0 51 51
1968 107 29.7 41 094 2 60 62
1969 102 29.2 42 0.89 4 67 71
1970 105 319 43 0.89 9 62 71
1971 112 388 52 0.89 12 54 66
1972 100 38.8 54 097 18 51 69
1973 111 531 70 117 39 34 73
1974 110 429 59 223 55 25 80
1975 72 22.7 32 4.40 49 32 81
1976 95 333 42 219 60 22 82
1977 112 54.6 63 3.86 63 21 4
1978 140 615 71 2.90 63 22 85
1979 137 583 70 213 65 18 83
1980 169 849 98 465 69 15 84
1981 144 705 83 4.65 74 i3 87
1982 155 771 90 6.05 89 9 98
1983 162 749 88 6.20 92 7 99
1984 188 86.6 91 6.62 93 6 99
1985 195 94.6 109 6.62 93 6 99
1986 200 1089 128 6.80 na na na
1987 201 1017 124 658 na na na

* Total nutrients (N +P + K).
® Total mutrients used for rice divided by area planted with rice.
* Ratio of area planted with modem varieties to total area planted with rice.
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Compilation: On fertilizer use for 1950-60 for which the National Fertilizer Secretariat data (A) are not
available, the data from IRRI's World Rice Statistics (B) are used after the following
adjustments: i) since the A scrics gives consistently higher estimates for the total N+P+K
consumption than the B series for the years for which data are commonly available, the latter
series is adjusted upward by applying the average gap ratio between the two series for 1961-65
to the former series; and ii) the total N+P+K for rice during this period is estimated by applying
tothetotal N+P+K  the percentage ratio of N+ P+X for rice that is obtained from the trend after
1960,

Source; (1)yand (2) For 1950-60, Intemnational Rice Research Institute (1988); for 1961-87, National Fertilizer
Secretariat, The Review of Fertilizer, various issues. (4) For 1957-84, Intemational Rice Research
Institute (1988); for 1985-87, Central Bank of Sri Lanka (1989a). (5)-(7) Rice Breeding Center of the

Department of Agriculture.
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Table Al-6. Irrigation investments by type of investment and the GDP implicitdeflatorfor construc-
lion. 1948-88, Sri Lanka.
Current prices GDP 1986 constantprices
New Rehabili- Q&M Total deflator New Rehabili- O&M Total
con- tation con- tation
snuction snuction
M 2 3) 4 6)] (6) ) 6] &)

— ———Rsmillion —— — — (1986=100) — — — —Rs million — — — —
1948 16.07 0 2.04 18.11 0.060 267.91 0 34.08 301.98
1949 40.71 0 213 4284 0.060 680.35 0 35.65 716.W
1950 60.08 0 2.00 62.08 0.064 941.77 0 3142 97319
1951 72.93 0 2.14 75.07 0.066 1,106.63 0 3241 1,139.04
1952 101.25 0 2.49 103.74 0.066 1,536.31 0 3781 1,574.12
1953 76.34 0 2.18 78,52 0.067 1,140.15 0 3262 1,172.77
1954 47.58 0 2.37 49,95 0.067 714.14 0 35.50 749.64
1955 59.98 0 2.48 62.46 0.066 905.54 0 37.37 942.91
1956 50.77 0 2.99 53.76  0.067 753.83 0 4437 798.20
1957 52.97 0 2.83 55.80 0.068 781.92 0 41.81 823.73
1958 41.99 0 2.96 4495 0.069 606.79 0 42.74 649.53
1959 .77 0 17.20 58.97 0.069 602.51 0 248.09 850.60
1960 32.84 0 9.97 42.81 0.066 494.37 0 150.07 644.44
1961 4598 0 6.18 52.16 0.068 671.47 0 90.18 761.65
1962 41.21 0 4,99 46.20 0.065 630.91 0 76.33 707.24
1963 25.52 0 454 30.06 0.069 368.75 0 65.67 434.42
1964 32.98 0 4,95 37.93 0.071 462.86 0 69.48 532.34
1965 47.19 0 517 52.36 0.071 664.56 0 72.84 737.40
1966 40.16 0 3.63 43.79 0.071 563.22 0 50.88 614.10
1967 73.81 0 3.82 7763 0.071 1,033.30 0 5349 1,086.79
1968 82.95 0 444 87.39 0.075 1,103.22 0 59.00 1,162.22
1969 91.27 0 551 96.78 0.082 1,114.08 0 67.24 1,181.32
1970 91.68 0 5.58 97.26 0.085 1,079.25 0 65.70 1,144.95
1971 75.84 0 6.35 82.18 0.090 841.85 0 70.43 912.30
1972 76.95 0 11.74 88.69 0.093 829.18 0 126.54 955.72
1973 134.02 0 12.68 146.70 0102 1,308.77 0 123.84 1,432.61
1974 104.82 0 14.69 11951 0.121 869.36 0 121.81  991.17
1975 155.77 0 17.43 173.20 0133 1,168.80 0 130.76 1,299.56
1976 175.87 041 17.71 193.99 0.144 1,21832 283 12265 1,343.80
1977 158.01 383 21.27 18311 0.155 1,016.19 2464 13679 1,177.62
1978 387.19 11.27 22.75 42121 0210 1.841.68 53.62 108.22 2,003.52
1979  726.12 1925 42.38 787.75 0.285 254993 67.62 14884 2,766.39
1980 987.12 5989 70.84 1,117.85 0.442 2723108 13537 16010 2,526.55
1981 2,269.50 31240 78.28 2,660.18 0575 394572 54313 136.09 4,624.94
1982 13,03398 21846 89.27 334171 0667 454567 32730 133.74 5,006.71
1983 2,528.72 33246 11047 3,371.65 0.814 3,596.85 40831 135.68 4,140.84
1984 2,842.68 26633 14266 3,251.67 0929 3,056.00 28659 153.51 3,499.10
1985 2,766.26 41290 138.31 3,317.47 0963 2,873.37 428.89 143.67 344593
1986 2,100.91 52434 169.00 279434 1000 210091 52434 169.09 2,794.34
1987 231208 63446 177.10 3,123.64 1042 221889 60889 169.96 2,997.74
1988 1,97546 363.01 11975 245822 1179 1,675.54 30790 10157 2,085.01
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Compilation: (1) New construction investments refer to the capital expenditures on construction ofnew systems

Sources:

and restoration Of 0ld abandened systems. Included are the expenditures related to irrigation
infrastructure development, such as the construction of reservoire, dams, canals, and roads.
Settlement-related costs and such overhead costs as salaries Of the supervision staff are, in
principle,notincluded. F a the multipurpose projects with hydroelectric power generation, the
capital costs common 10 both purposes, such as for reservoirs, ar apportioned to each purpose in
the ratio of the benefits expected from each purpose In the project appraisal reports, Far the
Mahaweli Project, the costs of the major upstream developments are auributed to irrigation as
follows: Victoria (26%), Kotmale (25%0)Randenigala (0%0).and Polgolla (100%). Data are
collectedseparatelyfrom various agenciesinvolvedin irrigation constructionand aggregated into
a single series. These agencies are the Imrigation Department (ID), rhe Territorial Civil
Engineering Organization (TCEO), theRiver Valleys Development Board (RVDB), the Mahaweli
DevelopmentBoard (MDB), and the Mahaweli Engineering and Construction Agency (MECA).

(2) Rehabilitation investments cover the major irrigation rehabilitationfmodemization projects,
including Tank Irrigation Modemization Pmjea (TIMP), Gal Oya, Major Irrigation Rehabilita-
tion Project (MIRP), Irrigation SystemManagement Project JSMP), Integrated Rural Develop-
ment Project IRDP), and Village Irrigation Rehabilitation Project (WIRP), Genersl administra-
tive costs and salaries of the supervision staff are not included.

(3) O&M expenditures are defined as not including overhead costs a d salaries of the agency
personnel not specific to the systems.

(5) The deflatorused is the GDP implicit deflator for the investments iNconstruction. Theindices
for the different base-years are linked 1o each other without any adjustment.

(1) For 1948-59, Sri Lanka, ID, Administration Report (major and minor irrigation works), various
issues. For 1960-88, Sti Lanka, Ministry of Finance, Government Appropriation Accounts (voie
7), various issues. TCEQ, Budget Estimates (project 101). Gal Oya Project Evaluation Commit-
tee (1970); for Uda Walawe, RVDB, Annual Report, various issues. FOr 1969-82, MDB, data of
the Accounts Department, For 1983-88, MECA, data of the Accounts Department.

(2) Sri Lanka, ID, Budget Estimales, vatious issues; Sri Lanka, Department of Agranian Services
{DAS), Administration Report. various issues.

(3) For 1948-59, Sri Lanka, 1D. Administration Report, various issues. F a1960-88, TCEO. Budget
Estimates, various issues. Sri Lanka, DAS. Budget Estimates, various issues. Mahaweli Eco-
nomic Agency (MEA), data of the Accounts Depariment.

(5) Central Bank of Sti Lanka, Review of Econcmy, various issues.
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Table Al-7. Government budget, public investments, and foreign assistance, 1948-88 (current prices),

Sri Lanka.
Total Total Public  Irrigation Foriegn assistae”
government  public  investment investments* Grants Loans Total
budget  investments n
agriculture

1 @ 3 “) (3) (6) )

—_——  ———— Rs Million — — — — —_———

1948 593 128 45 18 0 0 0
1949 691 164 75 43 0 0 0
1950 79 161 75 62 0] 0 0
1951 969 187 93 75 0 0 0
1952 1,242 268 131 ™ 65 0 6.5
1953 1.20 246 116 78 33 0 33
1954 1,021 204 93 50 01 633 &4
1955 1,083 247 120 62 %0 01 3.1
1956 1,33 256 131 54 AW 52 B4
1957 1.5%6 257 15 56 105 51 56
1958 1.53 303 149 45 131 203 B4
1959 1,773 321 1m 9 18.2 2.6 48
1960 1,862 333 1 43 9.3 2.7 3.0
1961 2,005 362 185 52 133 104 37
1962 2,268 375 188 46 B1 A8 9
1963 2.1% 374 168 30 3L1 60.9 R2.0
1964 ,30H 358 179 38 3L9 5 954
1965 2,432 428 228 52 21 7.6 9.7
1966 2,609 488 1 4 4.3 .5 178
1967 285 569 310 78 193 133 8.6
1968 3.133 655 350 87 20 161.2 190.2
1969 3,573 729 454 97 195 3A.1 3B3.6
1970 3,928 6938 456 97 %.9 163.7 220.6
1971 4,143 631 416 82 5.7 220.6 280.3
1972 4.647 836 554 89 0.7 23.8 335
1973 5,459 864 547 147 46.6 22.0 2486
1974 6386 927 644 119 2524 ™1 431.5
1975 7.183 131 638 173 4042 4.8 859.0
1976 9314 2.083 47 194 3.3 705 1,096.8
1977 9.780 1,724 657 133 500.5 80.7 1,312
1978 18.83 3,890 693 421 600.7 3,2153 3.876.0
1979 2151 5,506 938 788  1,3904 28465  4,2%6.9
1980 30,343 8,977 1,082 118  2,6195 41160 67355
1981 31,04 9,350 5,095 260  2,721.3 44868 82081
1982 37.900 13,45 9,063 333 3,36.1 54180 87941
1983 46.815 13.827 8,414 3,372 34727 14775 10,9502
1934 53,592 18,109 9.586 3,22 3,28.1 79575 11,2506
1985 64,685 18,950 9,478 3317 3366 88983 1MNM9
1986 69.715 2547 8.40 2,94 3.7/32.7 12081.3 15,834.0
1987 72,242 20,84 8,78 3,124 4,6768 104065 15,0833
1938 83,916 na na 2,458 6,588.2 12,3368 18,925.0
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* From Table A1-6,
* Foreign assistance received by the govemnment.

Sources: (1) to (7), except (4) Central Bank of Sri Lanka, Review of Economy, various issues.
(4) Table A1-6.
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Table Al-8. Selected new irrigation construction projects used in the cost-benefir analysis.

Scheme Year construction Year Command Average Construction cost
corn-  corn- com- settlement area® gestation current 1986
menced pleted* pleted® commenced period® prices  prices
(90%) (100%) (ha) —Rs/ha}——
I 2 (3 (€] (5) (6) ¢} ®

Muhathan Kulam 52 57 57 54 324 45 926 15,000
Dewahuwa 47 51 58 49 946 96 3277 52,600
Huruluwewa 49 56 59 52 3515 68 2,731 39300
Katupoths 53 56 55 202 52 7921 114,600
Kandalawa Tank 52 59 60 55 842 63 5.107 77.100
PeriyaMadu 52 60 56 304 54 3.289 48,900
Chemamadu 54 60 60 57 243 38 1235 20699
Parakrama Samudra 46 57 61 50 7368 11.0 1,466 22,900
Badagiriya 52 B8 61 57 486 60 3292 47,500
Hattota Amuna 52 61 58 202 59 2970 43300
Thannimurappu 52 60 61 56 957 55 1,958 20.400
Horiwila 54 60 62 57 206 56 971 16.100
Kapakada Wewa 52 61 55 374 60 6952 103,400
Akkarayan Kulam 52 61 62 62 1215 6,1 139 21.00
Handapangala Wewa 53 60 62 57 405 56 2963 44200
Kalmadu Kulam 53 61 62 57 182 60 1648 22,300
Mahawillachciya 55 60 62 55 1.079 53 4819 71,000
Gal Oya 49 61 65 52 37,760 120 3816 58,000
Diul Wewa 53 63 65 58 162 76 3086 40,400
Pavatkulam 58 62 65 57 1,674 8.4 3534 53,100
Usga Siyambalngamuwa 56 64 65 58 636 58 4874 69,100
Mahakandarawa 57 63 65 61 2429 46 3746 55.700
Karawita Yoda Ela 56 65 66 60 444 69 2928 42500
Ettimole Wewa 56 64 66 57 405 60 6173 89.100
Mora Wewa 56 64 65 60 1215 49 3457 50.800
Padaviya 53 62 67 57 5263 94 3002 44500
Kimbulwana 53 62 67 55 560 106 2679 39,000
Vavunikulam 54 67 59 2429 83 2,305 33,600
Hakwatuna 56 65 67 62 1741 6.0 4,710 69,200
Kaudulla 59 69 69 66 1.862 64 3169 47200
Kurai 57 62 215 76 3,256 47,200
Mahatotilla 60 68 69 64 283 65 2,473 35.100
Muthuiyankaddu Kulma 58 70 70 68 2429 47 3952 48300
Visvamadukulam 60 71 71 64 327 48 4893 61,400
Ambelaperumal 60 71 72 65 252 64 6349 82.700
Koddal Kaddina 61 70 72 65 162 69 3086 37,800
Kariyali Nagapanduwa 60 72 72 63 608 78 3783 51,000
Vdayarkaddu Kulam 63 72 73 63 486 68 2,881 37,600
Muruthawela 67 73 73 68 1310 42 10,992 129,400
Rajangana 57 8 57 5523 88 5812 79.200

Nagadeepa 67 73 68 1619 44 8338 99.900
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TableAi-8 (Continued).

Scheme Year construction Year Command Average Construction cost

com- com- com- settlement area® OeStation current 1986

menced pleted® pleted® commenced period® prices prices
(90%) (100%) (ha) — (Rs/ha)—

) @ €)) 4) &) (6) )] @

Pimburattawa 69 Ia) 75 68 1619 42 1597 55,000
Wahalkada 73 78 79 74 810 42 24074 141100
Uda Walawe 64 1) 81 64 17,600 120 11852 130,500
Mahadivulwewa 76 81 82 80 486 36 69136 188,500
Muthukandiya 79 82 83 80 810 42 7629% 180,100
Inginimitiya 79 85 87 81 2,644 5.1 130,408 168.800
Kirindioya Phase 1 78 86 838 86 8951 59 142224 184,100
Mahaweli Systern-C 78 87 80 26,500 60 172351 200,700

* The year 90% of the total expenditure incurred.

* The year 100%of the 10t expenditure incurred.

¢ The command area aftar the completion of the construction project,
¢ Average gestation period of the captial investments.

Campilation: (6) Average gestation period of the capital investmentsis obtained as the weighted
average of gestation years of the capital investments made each year during the
construction period, using the value of the investment in constant prices as weights.

(7) Construetion cost includes capital expenditures related to irrigation infrastructure
development of eachnew construction project. Costsrelated tosettlement, supervision
and general administration are, in principle, not included

Sowrces: (1) (3),end(6)(7)SriLenka, IDAdministrationReport, variousissues; Sri Lanka, Ministry
of Finance, Government Appropriation Accounts, various issues; and other various
unpublished accounts data from ID, MEA, and RVDB.

(4) Land Comemissioner’s Department.

(5) For the systems completed before the mid-1960s axcept Gel Oys, Arumugam
(1969); for Gal Oya (new construction), Gal Oya Project Evaluation Committee
(1970); for therest, data from Dand MEA.
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Data and estimations of the costs and benefits of sample major
irrigation rehabilitation and water management improvement
projects, and estimated rates of returnfor differentassumptionson
the crucial parameters.
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Benefits of the Projects

As in the new construction projects, the retums to the rehabilitation/water management
improvementprojects are defined as tre increase in income (gross value added) in agricul-
tural production attributable to the projects.

The benefits so defined include the returns on the labor used in additional agricultural
productiondueto the projects. As longas the opportunitycost of such laboris zeroall of the
increase in value added is considered as benefits. However, if the labor has a positive
opportunity cost, the income forgone because of the transfer of labor from previous
employmentto thisadditional agricultural productionmust be deducted from the gross value
added. In reality, the opportunity cost of labor in major irrigation schemes in the dry zone,
particularly tretduring off-fanningseasons(e.g., a yala season without cultivation because
of lack of water),could be quite low, if not zero. Here, the estimationof the benefits is made
fortwo polar cases of laboropportunity cost: zero opportunity cost, and positive opportunity
cast evaluated at the wage rate in agriculture.

The benefits of rehabilitation/water management improvementprojects are numerous.
Among them are increasesin the command (irrigable) area, increases in cropping intensity,
and increasesin cropyield due to better water adequacy. More equitable water distribution
within a system is expected to reduce productivity differences between tail- and head-end
sections, a chronic problem of mismanaged systems. particularly in the case of water
management improvement projects. In addition © these direct benefits, there could be
indirect ones. For example, well-rehabilitated/betier-managed Systems may cost less for
O&M than what it was before the project. Well-organized water-used groups, which
usually constitute the central component of water managementimprovementprojects,would
be instrumental in achieving more effective maintenance. less damage to the physical
structure, better water distribution,less wastage of water and morecroppingintensity, better
crisis management in times of drought, etc.

In this study, only two possible project benefits are taken into account increase in
cropping intensity (including increase in the imgable area), and reduction in yield gaps
between head- and tail-end sectionsdue to better water distribution after the project. Other
benefits, including yield increases not specifically related to rehabilitation/water manage-
ment, will be discarded.

The crop to be grown for additional agricultural production is assumed to be rice, with a
gross value added ratic of 80 percent. The levelof rice yield isidentified by system whenever
possible. Inaddition, theyield level derived from thence-fertilizerrse functionofNew
Improved Varieties, reported by Kikuchi and Aluwihare (1990, will be adopted wherever
appropriate.

Evaluation of Cost and Returns

The costsof aproject and itsreturns are evaluated at 1986 prices. The GDP implicitdeflator
for constructionis used asa deflator. Thepricesofrice and nitrogen are fixedat the averages
of the domestic market prices for 1985-87. 1t should be noted that the domesticprice ofrice
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during this period was almost at the same level as the Colomboc¢.i.f, price. FOra positive
opportunity cost of labor, the factor share. of labor in rice production is assumed to [e. 25
percent, based on the production cost surveys of the Sri Lanka Department of Agriculture
(various issues).

TANK [IRRIGATION MODERNIZATION PROJECT

Thesystem of the projecf. The Tark Irrigation Modernization Project (TTMP) was the first
major irrigation rehabilitation project in Sri Lanka, under which five tark systems,
Mahawilachchiya(1,053ha), Mahakandarawa(2,42% ha), Padaviya (3,061 ha), Pavatukulam
(1.781 ha), and Vavunikulam (2,429 ha), all situated in the northern dry zone, were
rehabilitated.

The project had the followingaobjectives: i) increasingthe croppingintensity through crop
diversification in the dry season: ii) early land preparation for wet-season rice, based on
mechanizationand dry seeding, to use early rainfall and conserve tank water for the following
dry season: iii) use of short-duration rice varieties in the wet season;iv) improving equity of
water distribution through the introduction of a strict rotational delivery schedule: and v)
redesigning of the conveyance system, lining distributary and field channels, introducing
water measurement capacity within the systems, and constructing cross-reguiators in the
main canals (World Bank 1976, Murray-Rust and Rao 1987). The project commenced in
1976 and wascompletedin 1984. As pointed out by Murray-Rust and Rao (1987), emphasis
was given to the engineering aspectsand little attention was paid to the institutional aspects
of the rehabilitation process and water management after e projecr

Costofthe project. Thecapitalinvestments of theprojectaresummarizedin Table A2-1, The
average gestation period of the investments is estimated to be 4.0 years.

Benefits of theprojecf. Although Abeysekera (1984) and Murray-Rustand Rao (1987) report
some positive effects in selected systemsincluded in the project, no definite observation as
to the changes in cropping intensity and rice yield after project completion can be derived
fromthesereports asthe availabledata on theimpactofthis project on the actual performance
of the systems involved are inadequate. FOr example, Murray-Rust and Rao, while
appreciating the positive impact the project bad on the reliability and equity of water
distribution (due mainly to the introductionof parallel, Lied channels), failed to find outany
systematic change in the cropping intensity attributable to the project.
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TableA2-1. Capital investments in the Tank Irrigation Modernization Project.

Current prices Deflator" 1986 prices

(Rs 1,000) (Rs 1,000)
1976 408 0.144 2,838
1977 3,831 0155 24.714
1978 12,038 0210 57,323
1979 47,050 0.285 165,090
1980 83355 0442 188,587
1981 49,086 0575 85,367
1982 53924 0.667 80,845
1983 36,870 0814 45295
1984 1,263 0.929 1360
Total 287,825 651,419
Total command area (ha) 12,753
Costper ha (Rs) 51,080

* GDP implicit deflator for construction.
Sowrce: Trrigation Department

Here, it is assumed that the cropping intensity of the five systems increasedfrom the pre-
projectlevel of 1.02to 1.56 asprojected in theappraisal rgport (World Bank 1976, pp. 40and
105). In addition, as in the Gal Oya \'&8&~ ManagementProject, ayield increase of 377 kg/
ha due to more equitable water distribution is assumed. The yield level of New Improved
Varieties with N=120 kg isassumed tobe the riceyield. Sincethe rehabilitation of the first
three tanks wascompletedbytheendof 1982, it is assumed that a part of the benefits accrued
from 1983. These assumptions me highly optimistic, and do not necessarily represent the
reality. Theyare made here so aStoestimatethe best possible benefits from theproject, unlike
in the other projects analyzed in this appendix where project benefits me estimated as
conservatively as possible using the actual chta.

GAL OYA WATER MANAGEMENT PROJECT

Thesystem of theproject. The GalOya Scheme, situated in the eastern dry zone, is the first
multipurpose, large-scale irrigationschemein Sri Lanka, Construction commenced in 1949
and the main resenoir of 950 milllian cubic-meter capacity was completed by 1955. The
entire construction project including the downstream developmentswas completed in the
early 1960s, Thereservoir serves itscommand area through the Left Bark. the Right Bark.
and the river diversion. In 1981. the service areas Were estimated to be about 25,000 ha,
11,200 ha, and 11,400 ha, respectively, Except for an area of 4,000 ha under the Right Bank
where sugar cane is planted, the system service areas are planted to Nice.
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In 1979,a major rehabilitation and improvementproject aimed at enhancing the convey-
ance,contrel and measurement capacities/efficiencies of the system was undertaken on its
Left Bank. The major componentsof physical rehabilitation were: a) the removal of siltand
rehabilitation of ercded embankmentsincluding the Left Bank main canal, the branch canal
and distributary and field channels;b) the repair and replacementof control gates, and repair
or construction of regulators and other structures in the canal-channel system; and ¢) the
repair and installation of measuringdevicesand therecalibration of measurementstructures.
The project started in 1980, and the major part of therehabilitationwascompletedby the end
of 1985, though some of the downstream works continued until 1988.

An innovative feature of this rehabilitation project was its strong emphasis on farmers’
participation in the project itself and in O&M after completion of the project. Substantial
effortswere made to mobilize farmers’ knowledge in the design process and to form effective
farmers’ organizations, Further, intsnsive training programs for the farmers as well as for the
officersin the managing agencies were carried out under the project (Merrey and Murray-
Rust 1987, Uphoff 1986, Wijayarame 1586b3.

Costof theproject. The capital investments of this project are summarized in Table A2-2.
It is difficult to obtain a reliable figure for the command area (irrigable area) under the Left
Bank of the system. And there areno accurate estimates for the pre-project and post-project
situations. The Project Appraisal Report assumes command areas of 21,000 ha and 23,000
ha before and after the project, respectively, while the Final EvaluationReportassumesthat
the command areaincreases from 17,000 ha to 21,500 ha because. of the project ISTI n.d.}.
In 1981, the Irrigation Department estimated the Left Bank rice land area to be 30,500 ha
(Svendsen and Wijayaratne 1982,p, 78). In this study, based on the Agrarian Researchand
TrainingInstitute (ARTI)and Corneli University (n.d.}, theirrigableareaunderthe Left Bank
is assumed to be 23,000 ha both before and after the project. Assuming that the full benefits
of the project started to be realizd after 1985, the average gestation periad of the capital
investments is estimated to be 3.1 years. It is assumed that a part of the benefits started
accruing in 1984.

Benefits of the project. As was the case in the.command area. it is difficult to accurately
estimate the change in the cropping intensity due to the project Of theavailableestimates.
the one by ARTITand Comnell University (n.d.), regarded as the mostconservative, is adopted
here. According to this estimate the cropping intensity increased from the pre-project level
of 1.21t0 a post-project level of 1.65.

Therehavealsobeen variousestimatesof the rice yield per habefore and after the project.
The best estimate for the average rie yield in the system canbe obtained from te water
response functions estimated by Wijayaratne (19864, p. 166)using data of the 1980/81 maha
to 1982 yala seasons; Y= -297+41 * WAI, where Y=rice yield (kg/ha) and WAl=water
availability index. The water availability indices of these four seasons are summarized in
Table A2-3. Sincethe impact of theprojecton water distribution became apparent in and after
the third year of theproject (AR TI and Cornell University n.d., pp. 93-99), these fourseasons
represent the pre-project situation of water availability in the system. Assuming that the
water availability after the project reaches the level that the three head-end sections enjoyed
before the project, the average rice yield after the project is estimated to be 3,188 kg/ha. This
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level of yield isfairlyconsistentwith the actual yield obtained from the farm-record-keeping
survey conducted in the scheme by ARTI and Cornell University (n.d., p. 107).

TableA2-2. Copital investments ofthe Gal Oya \AlEY Managenmens Project, 1080-87 .4

1980 1981 1982 1983 1984 1985 1986 1987 Total

————————————— Rs1000—— ———— — — — ——
1. Physical
rehabilitation 2375 6989 17810 42654 54423 82614 7271 9960 224,09 (SO)
2. Machinery and
equipment 22,803 29297 7919 3013 5609 8498 2716 3720 83375 (1%
3. Master plan and
on-farm research 29 139 137 103 0 0 0 0 408 (@)
4. Central support 2,749 14590 19395 15525 22508 8772 2935 4,020 90494 (20)
5. Tralning 1 658 5025 375 7695 3138 715 980 21917 (5)
6. Ressarth 2100 1511 3436 11,048 3989 2323 861 1180 26443 (6)
7. Contingencies 133 1713 131 172 857 5102 140 3253 (1
Total 30,190 4897 53853 76220 95081 105350 14,600 20000 450191 (100)
(Deflatory (0.442) (0.575) (0.667) (0814) (0929) (©.963) (1.000) (1.080)

| Totalin 1986 prices 68303 95473 80,739 93636 102348 109398 14,600 18519 583016

* Figures for 1986and 1987 are provisional.
* The percentage share of the total investment is given within parentheses.
¢ GDP implicit deflator for constmction.

source: Irrigation Department.

If the distribution of water was indeed improved and more. equitable distribution within
the systemwas achieved after the project, there should have been an increesein riceyield in
the tail-end sectionsover the pre-project level. A possible magnitude of such an increase
would be obtained by assumingan increase in the water availability index from tre. overall
average of the Left Bank of 75.8 1 the average of head-end subsectionsof 85.0. Inserting
the difference into the water-yield response function given above, a 377 kg/ha of yield
increase per crop due to better water management is obtained. Note that the yield increase
due to the reduction in yield gaps is applicable only for the crop area before the project It
isalso assumed that no additional current input is required for this increase.
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TableA2-3. Water availability index of the Gal Oya Left Bank during the four seasons of the pre-
rehabilitation stage.

Left Bank Head-end Best* Tail-end Worst®
average* sections® section sections® section

1980/81 meha 76.1 84.8 88.3 69.8 665
1981 vyala 73.0 85.1 87.9 61.2 65.9
1981/82 maha 78.1 855 89.6 726 60.9
1982 vyala 76.0 844 85.1 70.6 675

Average 75.8 85.0 817 701 65.2

» Weighted averages of nine secticns under the Left Bank using the rice arcas as weights.
* Weighted averages of the three sections which had the best, second best, and third best water
availability indices.
¢ The water availability index ofthe best section.
4 Weighted averages of the three sections which had the worst, second wont. and third worst water
availability indices.
* The water availabilityindex of the wotst section,

Source: Wijayaramne (1986a, pp. 155-158).

KIMBULWANA WATER MANAGEMENT PROJECT

The system of the project. The Kimbulwana Scheme, sitLated in the Kurunegala District of
the North-Central Province,isamedium-sized irrigation system, with a command area of 666
ha at present. The Kimbulwana tark, whose origin can be tracedback to the third century
AD., was restored in 1957. Later in 1965, the tank capacity was increased to 629 hectare
meters by raising the spillway level by 1.22 meters. ThiS brought about an increase in the
command area from about 400 ha to 560 ha (Gunadasa 1989). The system has two main
canals. Atpresent, the Right Bank canalirrigates 564 ha of mainly settlement land, while the
Left Bank canal irrigates 102ha of purana (old) land.

By 1979, the physical structure of the system had deteriorated to a considerable extent due
to insufficient maintenance: the canals had darnaged bunds, sooured profiles, and eroded
embankments. Asaconsequence, the capacityof the canalstocarry dischargeswas far below
design, and the maximum designed discharge could not b released through the channels
withoutovertopping and/or breaching the trk_Even in te.maha season, the tail-end farmers
failed tocultivate the landbecauseof water shortages. Yield gaps between the head- andtail-
end sections were large due to inequitable water distribution. QuIte often, the yala Season
crop failed partially or completely due to lack of water in the tank.

In order to bring the system's physical capacity back to the designed level, the rehabili-
tation of the system was undertaken in 1979-80. What was intended initially was “physical”
rehabilitation of dilapidated channels,embankments,and concretestructures, A Technical
Assistant was assigned to the system to oversee therehabilitation project. He organizedthe
project in such a way that the farmers in the system were highly involved in the rehabilitation
work through work groups which they themselvesformed. Thesework p u p s laterbecame
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the farmers’ groups that performed O &M functionsof the system, by themselves. under the
supervision of the Technical Assistant After the rehabilitation, with the help of farmer
groups, the Technical Assistant intreduced a strict water rotation system to insure, an
equitable distributionof irrigation water within the system.

Costof'the project. Thecapital investmenteost of thisrehabilitation-cum-watermanagement
projectwas Rs Imillion in current prices (Gunadasa 1989). The rehabilitation works were
split into two seasons; first, April-September 1979for the head-end part and second, April-
September 1980for the tail-end part. Assuming a uniform disbursement pattern in the two
seasons, the total capital cost in 1986 prices is estimated as shown in Table A2 4,

TableA24. Investmentsin the Kimbulwana \Water Management Project.

Year Currentprice.  Deflator (1986=1.000) 1986 price
1979 Rs 500,000 0.285 Rs 1,754,000
1980 RS 500,000 0.442 Rs 1,131,000
Total Rs 2,885,000
Capital cost per ha of command area (666 hg) Rs4,332/ha

The mean gestation pericd of the capital investments is assumed to be 15 years. It is
assumed that no benefits acerued before projectcompletion. Itshould be notedthat thecapital
investment cost here covers only physical costs; the services devoted by the Technical
Assistant are difficultto value and are not taken into account.

Benefits of th¢ project. The rehabilitation and subsequentimprovementsin water manage-
ment first brought about an increase. in the irrigable area from 560 ha to 666 ha. Second, it
broughtabouta Substantial increasein the cropping intensity. Beforetherehabilitation,crops
in the tail-end sections often failed even during the maha season. The farmers could plant
crops during the yala season, at best, once every two years. An overestimated cropping
intensity of 1.5 is assumed here for the pre-project situation, which is equivalentto 1.26 in
terms of the new command area. The cropping intensity improved significantly after the
completion of the project and a third crop became possible for some years; the cropping
intensitywasashighas2.21 in 1983 and 2.04 in 1985. For the rest of the post-praject yaars,
the intensity was 2.0, exceptin 1987when it declined to 1.3due toa seriousdrought. Onthe
average, for 1981-1589, the cropping intensity of the schemewas 1.95.

Therice yield per ha in the system for 1977- 1978 isgiven in Table A2-5. The average
yield increased substantially after the project; for the system asa whole, the average yield per
Season increasedby nearly 50 percent. Reflecting more equitablewater distribution afterthe
project, the increases in yield have been much more distinctin the tail-end sections of the
Right Bank and the Left Bank. Asaresult, the yieldgapsof these sectiasrelative tothe head-
end section have been reduced.
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Table A2-5. Riceyield per hectare (mtiha) inthe Kimbulwana system, by season and by location in the

Sustem.
Right Bank (564 ha) Left Bank (102 ha)
Head (271 ha) Tail {253 ha)
FC 1-20 FC 21-50 & BC2

Maha Yala Maha Yala Maha Yala

1978 2.73 278 222 222 n.a, 0.77
1979 325 Rehab. 237 222 093 0.88
1980 3.50 335 222 Rehab. 1.03 113
1981 3.50 356 325 340 1.29 119
1982 361 381 350 3.76 155 237
1983 381 381 371 371 242 232
1984 381 397 3.26 392 232 263
1985 402 3.76 3.76 356 299 258
1986 4.07 356 402 345 247 242
1987 350 n.a. 340 n.a. 2271 n.a.
Average”.

Before project (a) 299 218 2.27 2.22 0.98 093
Afterproject (b) 3.73 369 356 3.63 219 225

(b)/(a) (1.25) (1.33) (1.57) (1.63) (2.23) (242
Yield differential relative to the head-end yield (ratio):

Before project 0.76 0.80 033 033

After project 0.95 098 0.59 061
Average yield for the system as a whole and for mzha and yala:®

Beforeproject (a) 231

After project (b) 344

(b)/(a) (1.49)

* Yields before and after the project are demarcated by a line N each column.
¥ Weighted average using the area of each location as weight. For the maha and yala sessons, 1:1 weights are
assumed.

Source: Gunadasa (1989).

The impact of this reduction on the average yield of the system as a whole can be
derived as follows: LetY and Y, be the average yield of the system as a whole and that
of the head-end section of the Right Bank, respectively. Then, Y = (a,+a ,f +a, 8 ,
)Y, =8Y,, where o, o, and « are the percentage share of area in the total command area
of the head-end, tail-end, and Left Bank sections, respectively, and 8 ,and 8 ,are theyield
ratios of the tail-end and Left Bank sectionsrelative to the head-end section. Assuming that
there has bezn no change in yield in the head-end section before and after the project, and
distinguishing the pre-projectand post-project states by the subscriptsOand 1, respectively,
the change in the average yield for the scheme as a whole due to the yield gap reductions is
expressed as Y.-Y =(1- 8,/6 )Y . Thedatagivea 14 percent increase in the average yield.
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The average post-project rice yield per ha was 3.44 mt. (A survey on the 1988/89 maha
crop in the systemgives 84 percent of value-added ratio with a yield of 3.8 mt/ha.) In the
yala season about 20 percent of the command area has been planted with various nonrice
crops. Assuming that the income-generatingcapacity of these nonrice cropsis 50 percent of
that for rice, the average yield per ha for the scheme as a whole in terms of rice equivalent
is about 3.2 mi/ha.

PIMBURETTAWA WATER MANAGEMENT PROJECT

The system of the project. The Pimburettawa System, located in Polonnaruwa, is a part of
Mahaweli System B, consisting of 9 tracts with a total command area of 2,150 ha. The
construction of the system started in 1969and was completedin 1975. From thecommence
ment of operations, the system had been operated and maintained by the Irrigation Depart-
ment until 1982when the managementwas handed over to the Mahaweli Economic Agency.

The full storage capacity of 40,000 acre-feet of the Fimburettawa tark is sufficientto
provide an adequate water supply to the entire system, if water is equally distributedamong
the sectionsin the schemewithout substantial losses. In reality, however, because of lavish
water use by the head enders, many tail endersof the scheme were not able to receive water.
In order to attain more equitable water distribution,a water management project was begun
in mid-1986. It had two components, minor hardware rehabilitationand building of farmer
organizations. Under the rehabilitation component, deteriorated canal systems were im-
proved and a few new distributary channels added to facilitatewater distributionto the tail-
end sections. Under the farmer-organization building component, a nongovernmental
organization played arole as change agent, The project continued for three years until mid-
1989.

Cost of the project. The investmentcost of this pilot project is shown in Table A2-6. Itis
assumed that the average gestation period of the investmentsis 0.5 years.

Table A2-6. Investmentsin the Pimburettawa Water Management Proiect. in 1986 orices.

(Rs 1,000) (%)
1. Rehabilitation of structures 9.870 (81)
2. Institution building
a. USAID* 1,805 (15)
b. NBA®P 89 (1)
3. Farmers’ labor contribution 370 &)}
Total 12,134 (100)
Unit cost per hectare (Rs) 5,636°

" USAID =United States Agency for Internaticnal Development.
® NBA = Nation Builders' Association (nongovemnment organization).
Assuming a total command area of 2.153 ha.

Source: Athukorala and Athukorala (1990).
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Benefits of the project. Sincethis projectaimed at distributingwater to the tail-end sections
whichreceivedno water either in the yala or the maha season, themajorbenefitofthepmject
was the increase in the cropping intensity. Table A2-7 shows the changesin the crepping
intensityfromthe 1985 yalato the 1989 vala. Thebenefitsof the project started to berealized
one to two Yyears after the project had begun. It should be noted that such increases in the
cropping intensity were brought about in spite of the lower water availability in the tank
during this period(Athukorala and Athukorala 1990). Based on these data, the changein the
cropping intensity was estimated by dividing the data series into two periods. With an
assumed total command area of 2,153 ha, thecropping intensity increased from 1.25to 1.88.
Therice yield per hectareisalsogiven in Table A2-7. There hasbeen no appreciablechange
inthe yieldbeforeandaftertheproject foreither season. The 1988-1989 average yala season
yield of the tail-end sections 3,138 kg/ha, is assumed to be the yield for the system
as a whole.

NAGADEEPA WATER MANAGEMENT PROJECT

The system @ the project. The Nagadeepa Scheme is situated in Badulla District. The
Nagadeepa tank, which receives water from the Hepola Oya River, a tributary of the

TableA2-7. Extentplanted to rice and nonrice crops and rice yield per hectare in the Pimburettawa
system. 1980-89.

Planted area Rice yield

Rice Nonrice Total Heed end Tail end

Maha Yala Maha Yala Maha Yala Total Maha Yala Maha VYala

_— — ha- T kgha ————
1980 na na na na na na na na 2319 na 3,236
1981 na na na na na na na 3658 3,008 2741 3,241
1982 na na na na na na na 3,550 3.024 3,895 3,272
1983 na na na na na na na 3648 3128 3,890 3,962
1984 na na na na na na na 3751 3210 3.612 3,447

1985 na 859 na 55 na 914 na 3,751 3,246 4199 3.318
1986 974 1567 144 181 1,118 1748 2866 3720 3,205 4323 3.39
1987 1705 941 128 66 1,833 1,007 2840 3,643 3,627 4,323 3328
1988 1,834 1867 122 1% 1956 2,066 4.022 3888 3560 4.204 2,782
1989 1,889 1737 264 202 2153 1939 4,092 3875 3565 4,199 3,493

Average:

1980-1987 1,476 1223 2,699 3,674 3,096 3,855 3,400
(Cropping intensiiy) (1.25p

1988-1989 2055 2003 4.058 3878 3563 4,202 3,138
(Cropping intensity) (1.88)

. Assuming a total command area 02,153 ha.

Source: Athukorala and Athukorala (forthcoming)
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Mahaweli River, wasconstructed during 1967-1970. The systemwas originallyplanned to
irrigate 1,680ha of rice fields and 650 ha of upland fields through pump irrigation (JICA
1986). However, the upland irrigation had tobeabandoned because of insufficientwater and
the high cost of pumps. At present, the system serves about 2,640ha of the command area
whichisplantedto rice as well as to nonrice crops, even in the maha season. Because of water
shortages the system generally allows rice cultivation in the yala season to a limited extent,
and nonrice crops can be grown in avery small part of the system. A water management
improvementproject similarto theone in Pimburettawa was implemented in this scheme in
1986-1989. As toinstitution building, the project has the same structure as in Pimburettawa,
with the differencethat in the case of Nagadeepa, the physical rehabilitationcomponent was
less-pronounced than in Pimbureitawa.

The cost of the project. The total cost of the project is shown in Table A2-8. Note that the
amount spent for physical rehabilitation was about Rs 500/ha, which is tess than theassumed
level ofO&M cost per ha.

Table A2-8. Investmentsin the Nagadeepa Water Management Project, in 1986 prices.

(Rs 1,000} (%)
1 Rehabilitation of structures 1,345 (42)
2. Institution building
a.USAID 1,556 (48)
b. NBA 38 3)
3. Farmers' labor contribution 225 N
Total 3,214 (100
Unit cost per hectare (RS) 1217

* Assuming a total command m a of 2,640 ha.

Source: Athukorala and Athukorala (1990)
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Table A2-9. Extent planted to rice and nonrice crops and rice yield per hectare in the Nagadeepa
system, 1980-89.

Planted area Riceyield

Rice Nonrice Total Head end Tail end

Maha Yala Maha Yala Maha Yala Total Maha Yala Maha Yala

——————— o — — — — — — — — ————k —_————
1980 na na na na na na na na 2061 na 1030
1981 na na na na na na na 2581 1649 2205 3,777
1982 na na na na na na na 2916 2061 2391 3.349
1983 na na na na na na na 2597 2061 2277 4,380
1984 2,028 0 0 315 2028 315 2,343 2,355 na 2334 1417
1985 na na na na na na na 2,746 na 2339 3,607

1986 1869 664 430 955 2,299 1619 3918 2540 1,711 2422 3731
1987 1,869 0 518 532 2387 532 2919 2813 2,009 2,782 1,298
1988 1,840 615 801 623 2,641 1238 3879 2835 1479 3,808 1,556
1989 1,809 31 343 254 2152 285 2437 2695 2,690 2123 2664

Average:

1980-1987 2,238 823 3061 2650 1925 2,393 3,080
(Cropping intensity) (1.16)

1988-198% 2.397 762 3159 2,790 2085 2966 2,110
(Cropping intensity) (1.22).

Assuming a total command area of 2,640 ha.

Source: Athukorala and Athukorala (1990).

The benefits of the project. The changes in the cultivatedareas and rice yield in the scheme
are shown in Table A2-S. Variations in cultivated area across years were very large in the
yala as well as in the maha seasons. It is also difficultio detectany positiveimpact of the
projectonrice yield. Though doubtful, itis assumed that the benefits of the project came only
fromanincreaseinthecroppingintensityfrom 1.16 to 1.21,withaconstantriceyieldof2.7
kg/ha.

Results of Estimations for Different Assumptions

Theresults of the estimation of benefit-costratios and internal rates of return for the sample
rehabilitation/water management projects for some of the assumed parameters are summa-
rized in Table A2-10,

The internal rate of return for the Tank Irrigation Modernization Project (TIMP) is
estimated to be 11 percent with zero opportunity cost of labor. For this project the best
possible benefits, which were not actually supportedby the real data, were assumed. The
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Table A2-10. Benefit-cost ratios and internal rates of return of the sample rehabilitation and water
management improvementprojectsfor alternative assumptions.

Assumption B/C  Internal
ratio  rate of
return
Opportunity Yield Yield- Life- O&M
cost of level gap time cost
labor reduction (n) (c)
(years) (Rs/ha) (%)
I. Major rehabilitation projects
TIMP Off NIV on 20 740 11 11
on NIV on 20 740 038 8
Gal Oya off NIV on 20 740 2.3 24
off 32 on 20 740 1.9 20
off 324 off 20 740 13 14
on NIV on 20 740 18 18
on 32 on 20 740 14 15
II. Water management projects with minor rehabilitation
Kimbulwana OfF 321 on 15 740 134 83
off 3.2t Off 15 740 9.9 69
off 321 off 9 740 75 68
on 3.2t on 15 740 10.7 72
on 3.2t Off 9 160 6.1 60
Pimburettawa Off 31t off 15 740 74 77
Off 3l off 2 0 19 53
on At off 15 740 5.3 58
on 3.1t off 2 0 1A 32
Nagadeepa off 27 Off 2 0 04 6

» Laboremployed in additional agricultural production due o the projects is assumed to have no cpportunity
costif “off," and to have anopportunity cost evaluated at theaveragewage rate inthe rimlabor market if “on.”
* The assumed rice yield level per ha. NIV stands for the yield level estimated by the rim fertilizer response
function at the nitrogen input of 120kg/a. In all cases. no yield change before and after the projects is
assumed. except the yield gap reduction.
< The reduction in yield gaps between head- and tail-end sections dueto better water distribution within the
system after the project is taken into account asa partof the project benefits if “on,” and not taken into account

if ““off.”
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would-be yield-gap reduction due to better water management after the project is “on” for
TIMF and the Gal Oya rehabilitation project. Even at that benefit level, TIMF’ yields an
internal rae. of return barely above 10percent, which is usually used as the break-even rate
af return for the project appraisals of this kind. Theassumption of a positive opportunity cost
of labor, evaluatedat the wage rate in the rural labor market, reducesthe rate of return to 8
percent.

For the Gal Oya Water Management Project, the internal rate of return with zero
opportunity cost Of labor is estimated to be 20-24 percent depending on the rice yield level
assumed. If the gain derived from the productivity increasesin the rail-end sections due to
better water managementafter the project is excluded, the rate is still 14 percent, far above
that of TIMP. Even with a positive opportunity cost of labor the rate of return is estimated
tobe 15percent or more.

For this project, at least thyeedifferent sets of estimates of the internal rate of return have
been made: 23.2 percent of the Project Appraisal Report, 47.4 percent of the Final Evaluation
Reoort (ISTI n.d.), and 17 percent of the End-of-project Impact Report by the Agrarian
Research and Training Institute (ARTT) (ARTI and Cemell University n.d., p. 157). Of these
estimates, 17 percent (i.¢., the estimate by ARTI) is the closest to the estimate of this research
study. However, it should be noted that there are large differences between these two
estimatesin terms of the assumptionsmade. First, cost data of this research study are more
accuratesincedata were gatheredafter theentireproject had been completed. Second,unlike
theotherestimates, theyare based on 1986 constant prices, Thud, anyarbitraryyieldincrease
after the projectwas not assumed, whereas the ARTI study assumes, without specifyingany
ground, that the yield increasesfrom the initial level of 3.1tto 4.3+ Similarassumptionsare
made in the other two estimates. In particular, the assumptionsmade in the International
Scienceand Technology Institute (ISTI n.d.) study on yield increases (from 3.8t to 4.5t} and
the cropping intensity increases (from 1.29 to 2.20, includingan increasein irrigable area)
are so different from the reality that the resulting rate of return is unduly overestimated.

For the water management improvement-cum-minor rehabilitation projects, the 2co-
nomic performanceis astonishingly high compared to the major rehabilitation projects. In
the case of Kimbulwana, the internal rate of return is estimated to be 60-83 percent. The
highestestimateisobtained forthe case in which the increasesin income due to the cropping
intensity improvementsand the yield-gapreductions are both “on’ with no laboropportunity
cost. The lowestestimateis for the case where the life span of the projectbenefitsisassumed
to be the nine years that have already been attained, while assuminga positive opportunity
costofilabor and no gain from the yield-gapreduction. In this case, the O&M cost is assumed
to be Rs 160/ha which was the actual O& M expenditure level in 1986 prices for 1985-87 in
this system (IIMI 1939, 2,34},

Similarly, the Pimbursttawa Project shows very high internal rates of return. Witharather
modest assumption made on the rice yield of the scheme, if the project benefits are kept
accruing for 15years, it is expectedthat the project investments will bear a rate of return as
fiigh as 77 percent with zero wpportunity cost of fabor, er 58 percent with positive opportunity
cost of labor. Even if it is assumed that the benefits accrued only for two years and
“evaporated” soon after the change agent for institution building had left the system, the
project generated benefits worth 32-53 percent of the internal rate of return.
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In the case of the Nagadeepa system, where without any substantial improvementsin the
physical structure little benefit due to the water managementimprovementproject could be
detected, the intemal rate of retumn is estimated to be 6 percent with the assumption that the
benefits accrued for two years without O&M cost.
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