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Foreword

THE MANAGEMENT OF irrigated land to sustain agricultural productivity for the world
today and for generations to come, is the major concern of the International Irrigation
Management Institute (IIMI). 1IM!I's mission is to strengthen national efforts to improve
and sustain the performance of irrigation systems in developing countries through the
development and dissemination of management innovations. IIMI,which is
headquartered in Sri Lanka and which conducts programs in a significant number of
countries in Asia and Africa, is one of a set of international agricultural research centers
supported by the Consultative Group on International Agricultural Research (CGIAR).

IIMI has studied the problems that developing countries must confront in managing
their irrigation systems. It has carried out its work through field research in several
differer.t countries and through programs of thematic research that transcend national
boundaries. Its research work is now bearing fruit in terms of research results. This
volume contains the first set of scientific findings to be published by IIMI in a
consolidated form. The set has been derived from the presentations at 1IMI's annual
Internal Program Reviews for 1989 and 1991 and from work undertaken during 1991.

‘The document first fecuses on the financial and human resource implications of
management strategies to render the development, operation, and maintenance of
irripation systems more cfficient and effective. The volume then focuses on
improvementis to the management of irrigation systems and the relationships with the
ultimate beneficiarics — the farmers. The third section addresses emerging issues
deriving from the first successes of [IMI's research, for example, in conjunctive
management of groundwater and surface irrigation systems; the results of experience
in tackling problems arising from salinization, waterlogging, and connected issues are
dealt with in some depth. Lastly we focus on performance, principally on mechanisms
and innovations which have been empirically tested for reliability and which hold out
promise of better performance in the irrigated sector.

Allthe studies presented in this volume are the result of collaborative research efforts
that involve both the specific chapter authors as well as a large number of individuals
in client and partner agencies. We are grateful to all our collaborators for their many
important contributions, as well as to the members of 1IMI's Support Group who have
provided the financial assistance that has made the research reported in this volume
possible.



We hope that this volume of IIMI's research findings will appeal to a wide section
ofthe irrigation and water development community, including policymakers, managers,
irrigation researchers, and developme: i scientists around the world,

Readers are encouraged to contact IIMI on any aspect of the research activities
presented here.

Roberto Lenton

Director General

International Irrigation Management Institute
October 1991
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PART 1

Financial and Human Resources



CHAPTER 1

Irrigation Investment Trends in Sri Lanka:
Implications for Policy and Research
in Irrigation Management

Masao Kikuchi

In assoclation with Douglas ]. Merrey, R. Sakthivadivel and P.B. Aluwihare

EVERYONE AT IMI is firmly confident of the importance of improving irrigation
management and so, to a lesser extent, arc the policymakers associated with the
irrigation sector in Sri Lanka and clsewhere in the third world. On what grounds is
this confidence based? All of us strongly believe that irrigation management improve-
ment will have a high ecconomic payoff, but how large is the cconomic potential for
such improvements? No onc doubts the need for research to improve irrigation
management, but how profitable is it 1o invest in such rescarch?

Our confidence stems mainly from the fact that the existing irrigation schemes in the
third world, many of which have been constructed in the last few decades with huge
capital investments, perform below expectations. The answersto the questions above
therefore hinge upon the size of the gap between actual peiformance and cxpected,
or maximum attainable, performance. We believe this gap to be substantial rather than
marginal and, using the irrigation sector in Sri Lanka as an cmpirical cxample, we try
in this paper to substantiatc a “material” basis for this belicf.

Some gualifications need to be made. The first concerns the dimension or domain
of the issuc. Any research in irrigation management begins with the belicf that such
research is important, and looks into the process of irrigation management with a view
to enhancing the performance of irrigation systcms. ‘I'he issuc dealt with in this paper
precedes this process, having nnthing to do with “management” per sc. In terms of
[IMI's strategy, it is related to the component of “Objectives/National Irrigation
Policies,” and not with the “Process” componcnis. IHowever, since this study trics 1o
cevaluate the investment performance of different types of irrigation projccts, its
findings give not only dircct support, but, to a certain extent, direction for irrigation
management research.

The second concerns the shift of the irrigation scctor in Sri Lanka, as in many other
countrics in the Asian tropics, from a “construction” phase 1o a “management” phase.
This shift has had to occur simply becausc the management side of irrigation projccts
has been grossly neglected or forgotten during the “construction” phase in Asia,
lcaving huge potentials to be exploited by management improvements.  In other
words, these two phases are not necessarily mutually exclusive. Such a dichotomy in
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phasing could be misleading in some countries, such as some parts of Africa, where
potentials for irrigalion construction still exist. In such cases, these two phases must
g0 together.

In what follows, we first summarize the major findings of our research and then spell
out some implications for policy and research on irrigation management, This paper
draws heavily on Aluwihare and Kikuchi (1991).

RICE PRODUCTION AND IRRIGATION DEVELOPMENT
IN SRI LANKA

Irrigation is a critical inputin rice-based agriculture in monsoonal Asia. This is the case
in Sri Lanka, ¢ven though the climatic conditions and historical background specific
to the country make the process of irrigated agriculture development somewhat
unique.  First, let us bricfly obscrve the history of rice production and irrigation
development in Sri Lanka and identify the stage that irrigated agriculture has reached
there.

Sri Lanka is divided into two significantly different climatic zones; the wet and dry
zones. A distinctive feature of the dry zonc as an agricultural region is that land is not
a productive resource unless it is provided with water. Without irrigation water, the
only possible cultivation is very extensive chena, i.c., slash-and-burn or shifting
cultivation. In the wet zone, the adequate rainfall and its relatively even distribution
between scasons make rain-fed rice production quite possible.  Despite an ancient
civilization based on irrigated lowland agriculture, the dry zone had been nearly
deserted for centuries until the late 19th century, the population being concentrated
inthe wet zone. The process ol irrigation development in Sri Lanka in the last several
decades has consisted of major colonization (settlement) projects, mainly in the dry
zonc.!

Changes inthe total rice land area by type ofirrigation in the country are summarized
inTable 1.1, The wtal irrigated rice land area increased from 253,600 ha in 1950 10
nearly half a million ha in 1985; 90 percent of this was brought about by an increase
in the irrigated land area under the major irrigation systems which are situated almost
exclusively in the dry zone. As a result, the proportion of irrigated area under major
irrigation sysiems, cither in the total irrigated rice land or in the total rice land, has
virtually doubled in the last 35 years. Since newly created irrigated lowland arcas have
been almost exclusively devoted 1o rice production, this rapid development of dry-
zon¢e major irrigation systems has resulted in rapid increases in the area planted to rice
in the maha (wet) and yala (dry) scasons in the dry zone (Table 1.2). Excluding the

""This is a uniquc feature of irrigation development in Sri Lanka. In other densely populated
Asian countries, irrigation development has mainly consisted of providing cxisting rain-fed
lowland with irrigation facilitics.
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area under minor irrigation systems and rain-fed areas in the dry zone for the period
1980 to 1985, the area planted to rice has increased regardless of zone, type of
irrigation, or scason. However, the most significant increases have been in the major
irrigation systems in the dry zone.

Table 1.1. Rice land area by type of irrigation, irrigation ratios, and cropping intensity for
selected years, Sri Lanka *

Rice land area (1,000 ha) Irrigation Cropping
ratio intensity®
Irrigated® Rain-fed Total
Total Major
Major  Minor Lift Total irri
irri irri irri gation

gation  gation gation i i v
@ (i i) Gv) w (vi) v vi i
% % % % %

1950 %0 163 - 253 157 41 36 22 62 107* 118¢
1955 119 168 - 287 162 449 41 27 64 108 112
1960 136 171 308 171 479 44 28 64 120 126
1965 161 174 336 184 520 48 31 65 118 130
1970 193 187 382 201 583 51 33 66 124 127
1975 232 182 417 215 630 6 37 66 119 110
1980 272 184 460 221 682 59 40 67 125 123
1985 305 186 495 220 715 62 43 62 123 129

E- . O S S =]

*  Five-year averages centering on the years shown.

* Irrigated asweddumized land area. Major irrigation refers to the irrigation systems with a
command area of 81 ha (200 acres) or more, and minor irrigation to those wiih less than 81
ha of command area.

¢ Yearly cropping intensity = total arca planted per year divided by the asweddumized area.
The total cropping intensity includes !ands in all the categories.

¢ Three-year average for 1950-53.

Source Aluwihare and Kikuchi (1991)

This development in irrigation infrastructure paved the way for the successful
introduction of seed-fertilizer technology in rice production. As shown in Table 1.3,
the fertilizer use per hectare of rice planted began to rise in the late-1950s as the Old
Improved Varictics were being adopted by rice farmers. By the mid-1980s, virtually
all rice planted consisted of improved varicties. Parallel to this, fertilizer intensity
increased tremendously, reaching a level more than 100 kg/ha. It is noteworthy that
the process of “sced-fertilizer revolution” began much carlier in Sri Lanka than in other
countries in the Asian tropics. This can be partly explained by the fact that Sri Lanka
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Table 1.2. Total area planted to rice by zone and by type of irrigation, for selected years,

Sri Lanka.*
Total Dry Zone Wet
Zone
Major irrigation Minor  Rain-  Total
irri fed
Maha Yala Total  gation
1,000 ha
1952 4511 53.6 48.3 101.9 66.6 822 2507 200.4
(o0 a2 Qy @» a9 as e (44)

1960 577.2 90.1 66.5 156.6 1033 1094 369.3 207.9
(100 16 an @7 18) 19) 4 (36

1970 721.4 133.8 86.5 220.3 126.1 1350 4815 239.9

(100) (18) 12 o an a9 7 33
1980 855.1 199.3 113.13 124 139.8 150.3 602.7 2524

Q100) (23) 13) 35 16 Qa» 70) G0
1985 874.6 2224 147.9 3708 130.3 133.3 634.9 239.7

(100) @5 an “2 (15) (15) (73) (¢2))
Growth Rate (%) :
1952-60 3.1 6.7 4.1 5.5 5.6 6 5.0 0.5
1960-70 23 4.0 2.7 35 2.0 2.1 2.7 1.4
1970-80 1.7 4.1 2.7 35 1.0 1.1 23 0.5
1980-85 0.4 2.2 5.5 35 -14 -24 1.0 1.0
1952-85 2.0 4.4 3.4 4.0 2.0 1.5 29 0.5

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

Source: Aluwihare and Kikuchi (1991)

was endowed with a belter irrigation infrastructure at the onset of agricultural
development afier independence; the irrigation ratio in 1950 was as high as 62 percent
for cultivated rice ficlds (Table 1.1) and 48 percent for rice cropped area (Table 1.3).2
On the one hand, such a favorable initial irrigation infrastructure provided a strong
incentive for national agricultural research institutions to develop improved rice
varictics. On the other hand, the successful development of seed-fertilizer technology,
by raising the payolf 1o investments in irrigation, increased the incentive for the
government to develop the irrigation infoastructure further. Such a dynamic
interaction between the irrigation infrastructure and the sced-fertilizertechnology may
well have fuelled the rapid development of irrigation in the dry zone.

? Such high irrigation ratios at the start of agricultural development after independence are
another unique feature of irrigation developmerd in Sri Lanka when compared with other
countrics in the Asian tropics.



Table 1.3. Fertilizer input for rice production per bectare, irrigation ratio, and rice variety
ratio, for selected years, Sri Lanka.*

Fertilizer input Irrigation Variety ratio*
ratio®
Total®
(N+P+K) Nitrogen Traditional old New
Varieties Improved  Improved
Varieties Varicties
(kg/ha) (kg/ha) 0 %) (%) (%)
1952 2.6 1.7 48 100 - -
1960 13.8 83 57 87 13 -
1970 53.2 329 60 32 59 9
1980 £5.2 57.2 62 13 15 72
1985 111.8 75.5 66 2 6 92

* Five-year averages centering on the years shown.

® Nutrient content (three major clements) of the fertilizer.
¢ Irrigated area planted to rice/total area planted to rice.
¢ Ppercentage of rice variety planted

Source: Aluwihare and Kikuchi (1931)

As a result, the country has experienced dramalic increases in rice production during
the last four decades (Table 1.5). Immediately after independence, the country was
producing only 40 percent of its total rice requircments, and the remaining 60 percent
was imported. By 1985, the rate of sclf-sufficiency in rice had reached a level of more
than 90 percent. Self-sufficiency in rice is now within sight for Sri Lanka.

Table 1.4. Rice production, ricc imports, and rate of self-sufficiency in rice for selected years,

Sri lanka.*
Domestic rice Rice Self-sufficiency
production® imports® in rice (%)
€)) 62 —x

------------------ 1,000 metric tons -----=------ X+y
1951 428 633 40
1955 013 661 48
1960 864 739 54
1965 989 710 58
1970 1,409 523 73
1975 1,400 602 70
1980 2,062 ’ 271 88
1985 2,455 220 92

* Five-year averages centering on the years shown.
> In rough ricc equivalent

Source: Aluwihare and Kikuchi (1991)



Using the rice fertilizer response functions by variely and irrigation condition, we
arrive at the following rough brealkdown of the rice production increase between 1952
and 1985 into the three major contributing factors:

(1,000 mp) %)

Total rice production increase 2,087 100
Increase due to: Variety 861 41
Fertilizer 561 27

Irrigation 665 32

Irrigation development since independence has thus played a pivotal role in
increasing the total rice production through increasing both the area planted and the
land productivity. Now that the longslanding national policy target of self-sufficiency
in rice is almost attained, the development pattern of the peasant agriculture sector in
Sri Lank., which has primarily been based on the dry-zone colonization, has reached
a turning point.

TRENDS IN IRRIGATION INVESTMENTS

As outlined above, irrigation dcvelopment in Sri Lanka has been attained through
massive investments.  Public investments in the post-independence period are
summarized by type in Table 1.5, and their trends in terms of five-year moving averages
are shown in Figure 1.1. Irrigation investments are grouped into three categories: new
construction, rehabilitation, and operation and mainienance O&M).

“New irrigation construction” refers to projects aimed at the construction of modern
irrigation systems. In the dry zone, there are still many abandoned tanks dating from
the time of the ancient Sinhalese kingdoms. In some cases, a modern system was
created just by restoring the ancient system. In other cases, a new reservoir, together
with new canal networks and new command arcas, was constructed. The former may
be called “restoration,” and the latter “new construction.” However, since even “new
construction” projects usually include in their new command areas some old small tank
systems, it is rather rare to find an entirely “new” irrigation construction project in the
dry-zone setting. Included in the “new” construction are all those projects that are not
calegorized as “rehabilitation,” which is defined as the restoration of detzriorated, but
still functioning, irrigation systems (o their original capacily, or their modernization.

The investments for new irrigation construction here include cnly those related to
the development of the irrigation infrastructure, such as reservoir, canal, rice field, and
road construction. Settlement-related investments, as well as such overhead costs as
the personnel emoluments at the heacjuarters of the irrigation construction related
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Table 1.5. Irrigation investments in Sri Lanka, in 1986 prices, by type of investmeni, and
their share in the government budget and the total public investment, 1950-88.4

Irrigation investments Share of the total
irrigation investment
New Rehabili-  Operation Total in
construction® tation® and

maintenance?
Government  Total publig

budget investment]

---------------- Rs million in 1986 prices -----erss--- e J———

1950 907 - 34 91 8 37
(96) - ) (100)

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

1960 601 - 121 723 3 19
(83 Qa7n (100

1965 619 - 62 681 3 15
) O] (100

1970 994 - 78 1,071 3 16
(93 @ (100)

1975 1,116 5 127 1,248 2 13
89 m Qo (100)

1980 3,023 225 137 3,385 6 21
(89 @) “ (100)

1985 2,770 451 154 3,375 6 18
(82) 13 &) (100)

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

*  Five-year averages cer tering on the years shown. Figures within pares theses are percent-
ages. na = data are not available.

® Investments for constructing new systems or restoring old abandoned systems.  Only
irrigation-infrastructure-rclated investments, such as tank and canal construction, arc
included.
Inves'ments for major rehabilitation and modernization of existing systems.

¢ Notincluding overhead costs such as personnel emoluments or administrative expenditures.

Source: Aluwihare and Kikuchi (1991)

agencics, are not included in the new irrigation consuuction investment.? Likewise,
the rehabilitation investment and O&M expenditures are defined as not inciuding
gencral and administrative overhead costs.

*There hav * been several multipurpose projects concerning not only irrigation but also hydro-
clectric power genciation. For these projects, the investment costs common to both purposes,
such asthe reservoirs, are apportioned to cach purpose in the ratio of the benefits expected from
cach purpose according to the project appraisal reports.
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Figure 1.1. Changes in irrigalion investments in Sri Lanka, five-year moving averages,
1950-86, in 1986 prices.

o

o TEOEE e L e ]
1950 1960 1965 1970 1975 1980 1985

Type of investment
B construction ORehabilitation MO & M

Source: Aluwihare and Kikuchi (1991)

Several points are to be noted in Table 1.5 and Figure 1.1, Tirst, irrigation, and
particularly new irrigation construction, have been by far the most important
investment opportunily in the country. New construction investment accounted for
96 percent of the total irrigation investments in the carly-1950s, and irrigation
investments as a whole took nearly 40 percent of the total public investments or nearly
10 percent of the government budget during that period. As the economy developed,
the sharc oftotal irrigation investments in the total public investments declined towards
the mid-1970s. However, around 1980, the total irrigation investments suddenly rose
again to constitute more than 20 percent of the total public investments.

Second, new irrigation constructicin has been the dominant type of irrigation
investment, and the long-term trend of new construction investments has been
upwards. Third, however, this type of investment has experienced distincet short- to
medivm-term fluctuations.  Three peaks, or investment spuits, can be discerned.
Dui.ag the periods between these peaks, new construction investment decelerated.,
The third peak was particularlty high, bui ncw construction investment began 1o
decline sharply after this peak.

Fourth, rchabilitaticn investments began in the mid-1970s and have rapidly
incrcased their share in the total irrigation investments since then. The share rose 1o
more than 10 pereent of the total irrigation investments by the mid-1980s. ‘The first
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modern irrigation rehabilitation project in Sri Lanka was the Tank Irrigation Moderii-
zation Project (TIMP), started in 1976, which was followed by several other major
rehabilitation projects. In addition to these, many water management improvement
projects have been initiat2d since the late 1970s.

Last, expenditures for irrigation system O&M have been a minor component of the
total irrigation invest.nen:. More importantly, the shure of O&M expenditures in the
tual irrigation investments has not shown any steady increase over time. In spite of
the large increase in the irrigated land area under major irrigation systems, its share
in the total irrigation investments remained as low as 4 percent in the 1980s.¢ This
suggests that the maintenance of the existing irrigation systems has remained
inadequate, resulting in the low performzace of the systems and endangering their
long-term sustainability.

These observations on past investment trends in irrigation raise some interesting
questions. Why have such huge investments been made for new irrigation construc-
tion? What were (hz factors that caused the fluctuations in new construction
investments? Will there be a fourth peak in new construction investments after the third
one in the 1980s? Why have rehabilitation/water management improvement projects
become important since the late 1970s? Answers to these questions reveal a basic
change in emphasis in the development of the irrigation sector in Sri Lanka — the shift
from th= construction phase to the management phase.

CONSTRUCTION PHASE

Long-Term Trend

Investments in new irrigation construction increased greatly until the early-1980s, and
the reason for ihis lies in the high economic returns on such investments. On the one
hand, the cost of creating a unit of irrigated  1d has increased over the last four
decades, as new construction progressed from rel~t’  :ly easy projects to more difficult
ones. Onthe other hand, the irrigation infrastructure and the seed-fertilizer technology
reinforced each other to increase the productivity of irrigated agriculture, thereby
maintaining the profitability of new construction investments and counteracting
increased construction costs. Taking these factors into account, the rates of return on
new irrigation consiruction investmen:s in the last four decades are estimated, based
on 1986 constant prices.

We first identify the trend in the capital costs of creating a unit of irrigated land.
Historical changes in the real capital costs of creating one hectare of irrigated land are

‘ Around 1960, the share of O&M expenditures increased substantially. This was due to the
expenditures required for major repairs in many systems following flood damage in 1959.
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shown in Figure 1.2, based on 49 new irrigation construction projects for which
detailed capital investment data are available. As defined earlier, the capital costs
include onlv investments related to irrigation infrastructure. An increasingtrend in the
unit cost is apparent. The cost escalation has becom.e more apparent since the early
1970s as irrigation construction projects shifted from small-scale “restoration” type to
large-scale transbasin ones, such as the Mahaweli Project. This trend suggests that new
irrigation construction in the post-independence period began in relatively easy
projects and moved to more difficult ones. Asa result, the construction cost per hectare
in the late 1980s was more than five times that in the 1950s, in real terms.

The following result is obtained when the exponential time-trend curve is fitted
1o the data:

K = 1.637 + 0.047t, R?=0.685,
(3.411) (6.763)
where: K = capital cost per hectare including capital interest
(in Rs 1000) in 1986 prices,
t = lime (48 to 89),
R? = coefficient of determination, and

the figures in parentheses are t-ratios.

Figure 1.2. Changes in the real capital cost per hectare (including capital interest evaluated
at 10% per annum) of new irrigation construction, 1951-89, in 1986 prices.

400 |
L[]
300 | /
(o]
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°
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200 | *
100 F
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Source: Aluwihare and Kikuchi (1991)
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For the benefit side, we assume rice is the crop to be grown in the newly created
irrigation systems. In order to analyze the complementary relationship between
irrigation and seed-fertilizer technology, three different seed-fertilizer technology
levels are considered: 1) Traditional Varieties (TV) with 0 kg/ha of nitrogen
application; 2) Old Improved Varicties (OIV) with 60 kg/ha of nitrogen; and 3) New
Improved Varieties (NIV) with 120 kg/ha of nitrogen. The rice output for each variety
group at cach nitrogen level is estimated by using the national average fertilizer
response function for each group (Kikuchi and Aluwihare 1990a).

Both the benefit-cost (B/C) ratio and the internal rate of return were estimated. The
formula used to calculate the B/C ratios is as follows:

I-1 n
A+ A-k) [(R-)AN] + ZIR-0)/1+i)]
B _ k=0 j=1

(1+i)™K

where; R = annual increase in income due to the project, C = annual O&M cost
to maintain the benefit stream, K = capital cost, n = lifetime during which the benefit
stream continues to accrue, | = time in years from the commencement of the accruing
of benefits to the completion of the project m = average gestation period of the capital
investment, i = interest/discount rate (assumed to be 10 percent). The first term of the
numerator in the right hand side of the formula, which is defined if and only if 1 > 2,
is introduced to take into account the cases where part of the benefits starts accruing
before the project completion, assuming linear increases in benefits from zero to the
full benefit level. The internal rate of return is estimated as r that satisfies the following
cquation:
11 n
1+0)™K = T (1+0)* (-k) [(R-0)/1] + EIR-c)/(1+1)]
k=0 =1
'The benefit flow is measured by an increase in agricultural income (gross value
added). Theincrease is estimated by subtracting the current input cost (seed, fertilizer,
chemicals, fuel, etc.) from the value of produce from the newly created irrigated land.?
Rice output is valued by the average domestic market price for 1985-1987. The
cropping intensity of the systems is assumed to be 1.3, which is the average for all the
major irrigation systems for the entire study period (sec Table 1.1).¢ The annual O&M

* Increases in labour costs for crop production due to irrigation were not subtracted. This
assumes that the additional labor is available at zero opportunity cost. As explained earlier,
almost all new irrigation construction projects in Sri Lanka have been settlement schemes. Since
the settlers in these irrigation systems were those who had difficulty in finding productive
employment in their prior locations, their opportunity cost, if not zero, would have been quite
low.

¢ Mote detailed analysis of the cropping intensity of the dry-zone major irrigation systems will
be given later.
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Table 1.6. Benefit-cost ratios and internal rates of return on investments in new irrigation

construction, based on 1986 prices.*

Based on Based on
estimated construction cost® actual construction cost®
Technology level? Technology leveld
Traditional old New Traditional old New
Varieties Improved Improved Varjetics Improved Improved
Varicties Varicties Varietics Varicties
N=0kg N=G0kg  N=120kg N=0kg N=60kg  N=120kg
1948-49 23 Q0 na
1950-59 1.7 (15) 1.7 (15)
1960-69 1.0 (10) 1.6 (15) 1.0 (10) 1.5 (14)

1970-74 07 (D L1 1.6 Q5 09 (9 14049 21 O
1975-79 05 (6 09 (9 1302 05 (5) 08 (8 11 QD
1980-84 04 (4 06 (7 050 04 (3 05(5 08 (&
1685-89 03 (3 05 (5) 07 (8 03 (®» 05 (5 07 (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
following equation: K = 1.637 + 0.047t; where K = capital investment per hectare with interest
and t = time (48, 49,..., 89).

Theacwal capital investment cost of new irrigation construction projects; weighted averages
for the projects completed in the periods shown, using the command area as weights.
Technology levels assumed for measuring the benefits from newly created irrigated land
based on the following rice production functions under irrigated conditions:

Traditional Varietics Y =1500 + 10N - 0.09 N?
Old Improved Varicties Y =1900 + 14N - 0.00N?
New Improved Varicties Y =2400 + 2IN - 0.08N?

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

The benefits are measured by the increase in agricultural income (gross value added). The
opportunity cost of labor is assumed to be zero. The total current input cost is estimated
assuming the ratio between the total current input and the nitrogen cost to be 2.5.

Source: Aluwihare and Kikuchi (1991)

cost of new areas brought under irrigation are assumed to be Rs 740/ha at 1986 prices.”
Itis assumed that with this level of O&M, irrigation systems can sustain their operation
for 50 years.

The estimated rates of return are summarized in Table 1.6 by period, and the

estimated B/C ratioseries are shown in Figure 1.3 by level of seed-fertilizer.technology.

Se

veral points should be noted. First, irrigation construction was a lucrative investment

" Thisisthe level that the Irrigation Department set asthe “desired level” of O&M for the major

irrigation systems ([IMI 1989).
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Figure 1.3. Changes in the benefit-cost ratio of new irrigation construction investments,
1948-89, by level of seed-fertilizer technology, in 1986 prices.
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Source Aluwihare and Kikuchi (1991)

opportunity just after independence. The B/C ratios in the late 1940s were as high as
2.3 (Figure 1.3). For the 1950s, it was 1.7 on the average (table 1.5). Reflecting the
increasing trend in the unit construction cost, however, the B/C ratio under the
traditional rice technology (represented as “TV N=0") declined rapidly, and it went
below 1.0 in the carly 1960s. Had there been no progress in the technology from the
traditional level, the economic potential of irrigation construction would have been
exhausted within fifieen years after independence.

Second, the progress in sced-fertilizer technology compensated for the increases in
construction costs to a large extent, and preserved the profitability of new construction
investments. The introduction of improved rice varieties and the associated increase
in fertilizer application resulted in successive upward shifts of B/C ratio curves from
the previous technology levels; in terms of the horizontal axis, the degree of the
upward shift was about 10 years for both Old Improved Varicties and New Improved
Varietics.

Third, the rates of return on construction investments continued to decline even with
the highest level of technology, cutting across the B/C ratio = 1.0 line by the carly 1980s.
This suggests that, given the present level of rice technology, the increasing real capital
cost for construction, and the price structure in the mid-1980s, the irrigation scctor in
the country has come to a stage at which the investments in new irrigation construction
cannot be economically justified.
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The analysis above gives clear evidence for the following statements:

1) The massive investments in irrigation new construction after independence
were induced by the high economic potentials of such investments; the
profitability was high at the initial stage and was then preserved by dynamic
interactions between irrigation infrastructure and seed-fertilizer technology.

2) The ecconomic potential for new irrigation construction had been exhausted by
the mid-1980s.

Short-Term Fluctuations

The new irrigation construction investments have experienced large short-run to
medium-run fluctuations in the past. 1If new irrigation construction was always a
lucrative investment opportunity, as the long-term analysis above indicates, why did
the government not make a centinuous effort to invest in it? The answer can be sought
in two areas: fluctuations in rice prices, and the availability of investible funds.

The rates of return on construction investments depend critically on the price of rice.
Ior a government making decisions on irrigation investments, the import price of rice
is of particular importance. An overriding factor in the food policy of the Government
of Sri Lanka has been the need to supply a sufficient 2mount of rice to the consuraers,
through the food ration/food stamp system or at relatively low and stable prices in the
open market. Itis therefore reasonable to suppose that the government, as an importer
of rice, strengthened its efforts to increase domestic rice production in response to
rising world rice prices. It can therefore be hypothesized that, besides pursuing the
long-term objective of auaining self-sufficiency in rice, government decisions on
irrigation investments have been strongly influenced by short-term fluctuations in
world rice prices and their effects upon the social payoff from irrigation investments
as well as the country's foreign exchange reserve.

Asa lest of this hypothesis, the benefit-cost ratios of investment in new construction
were re-estimated by evaluating the costs and benefits at current prices. On the benefit
side, the rice output was cvaluated by the current Colombo c.i.f. price of rice. Changes
in seed-fertilizer technology were incorporated by aggregating the income generated
under each technology level into a single series, using the percentage shares of area
planted with each type of rice variety in cach year. On the capital cost side, the unit
cost at current prices of constructing one hectare of new irrigated land was obtained
by applying the GDP implicit deflator to the real unit cost estimated from the trend line
presented earlier.

The series of B/C ratios thus estimated are shown in Figure 1.4, together with the
series of annual investments in new construction. Close associations between changes
in the B/C ratio and construction investments are discernible. While the government
response to the changes in the payoff was rather quick until the 1960s, the process
began to involve substantial time lags after around 1970. This could be explained by
the fact that, whereas in earlier years there were many sites where construction projects
could be initiated easily, project preparation and implementation have become more
difficult and time-consuming in recent years.
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Figure 1.4. Changes in the benefit-cost ratio of new construction (evaluated at current
impont price of rice) in comparison with changes in the new construction
investments, 1948-88, in 1986 prices.
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A high rice import price clearly has a direct impact on government decisions in
irrigation construction, through raising the payoff of the investments relative to other
public investment opportunities. This implics the reallocation of government funds
from other public investment opportunities and/or from recurrent expenditures such
as those for importing rice for the food ration program. Since the government's
investible funds have always been scarce, their availability would have constrained this
reallocation process to a great extent. To identify how the availability of funds affects
investment in irrigation construction, we prepared a foreign fund availability index
which is defined as the ratio of the total foreign official assistance, consisting of the
forcign loans and grants, to the total government budget. Historical changes in this
index are shown in Figure 1.5, together with the trend of new irrigation construction
investments.

A close association is apparent between this index and new construction invest-
ments. In particular, the association is quite strong after the carly 1960s. The
investment spurt in the late 1960s coincided with an increase in the index during the
same period. The unprecedented high investment spurt that began in the late 1970s
was narrowly preceded by a rapid increase in the availability of foreign funds, and the
investments began to decline after the index hit a peak in 1981, All this indicates that
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Figure 1.5. Changes in the foreign fund availability index in comparison with changes in
the new irrigation construction investments, 1948-88, in 1986 prices.

0.30 5
0.25}
0.20}
=
o
5 =
0.15} -
©
o m
i (%]
[+
0.10
0.05
011 Lt eeqr gttt tiat
1950 1955 1960 1965 1970 1975 1980 1985
~-Foreign fund availability index -+ New construction investment

Source: Aluwihare and Kikuchi (1991)

the government decision to invest in irrigation construction was seriously constrained
by the availability of funds, particularly those of foreign origin. It could be said that
the last two peaks in construction investment, particularly the third one, were largely
created by donor countries and international lending agencies; they too reacted to the
high profitability of investments in irrigation construction.

Our analysis thus indicates that rates of return and foreign fund availability are major
determinants of government investment in new irrigation construction.® It is worth
emphasizing that the government also responded to changes in the social profitability

¢ The following estimate of the investment function gives statistical support for the
determinants of new construction investments:
Inl= 1265 + 02211n(B/C), + LS41AID + 0527Lnl,
4.0 (226 G770 .67
R?(adj) = 0.819, D.W. stat. = 2.001,
where; I = irrigation construction investments in year t; (B/C), = B/C ratio in year t evaluated
at current prices; AID = foreign fund availability index; and figures in parentheses are t-ratios.
It should be noted that a very similar relationship between irrigation construction investments
and world rice prices/foreign fund availability is observed in the Philippines (see Hayami and
Kikuchi 1978 and Svendsen and Ramirez 1990).
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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 exercise undue
influence (e.g., Mendis 1989; Nijman forthcoming). Nevertheless, the allocation of
government funds for irrigation construction has been guided by economic considera-
tions, i.c., by the economic returns on the investment, while being constrained by the
scarcity of investible funds and foreign exchange reserves.

FUTURE PROSPECTS FOR NEW IRRIGATION CONSTRUCTION

Figure 1.4 reveals that the B/C ratio cf the investments in irrigation construction went
down sharply from the late 1970s and hit an unprecedented low in 1986. Such a drastic
decline was duc partly to the increased construction costs and partly to the historic low
price in the world rice market. Although the B/C ratio shows an upward trend after
1986 as the world rice price rebounded, its level in 1938 was still below 1.0. Irrigation
construction investment at present represents the classical case of diminishing returns,
It could be said that the era of “major” irrigation construction in Sri Lanka has ended,
unless major breakthroughs in technology are forthcoming either in construction or
in agriculture, or in both.

This statement raises two questions. First, what would the level of the rates of return
for irrigation construction be if the world rice price rose in the near future to the level
experienced during the food crisis period in the 1970s? To check this, the rates of return
are estimated for three years in the last decade of this century assuming the average
rice import price experienced during the period from 1974 to 1979, which is more than
300 percent higher than in 1986 in terms of the price of rice relative to construction
cost. The results show that the high rice price raises the B/C ratio to slightly more than
1.0 with the present level of construction costs (Table 1.7). However, even with such
a high rice price, it will go down quickly to a level below 1.0 by the end of this decade.?

Second, since the mid-1980s when Sri Lanka attained near self-sufficiency in rice,
efforts have been made to diversify the cropping patiern on rice-based irrigation
systems. Could the benefits from irrigation construction be drastically increased by
swilching the crops to be grown in the systems from rice to high value nonrice crops?
To check this, re-estimations of the rates of return were attempted, assuming that the
entire planted area in the yala scason with a cropping intensity of 0.3 is planted with
high value nonrice crops, such as chili, onion, and gherkin. Based on our recent study
(1IMI 1990a), the gross value added of these high value crops is assumed to be at a
level 740 percent higher than that of rice if the rice c.i.f. price is at the 1986 level. For
valuing rice output, the World Bank predictions are used after linking with the

? It is worth noting that the World Bank predicts a declining trend in the world rice price after
1989. Its latest prediction at January 1990 is as follows: 1989=100.0, 1990=84.5, 1995=72.1, 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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Table 1.7. Rates of return on the irrigation construction investment for different assumptions
on the world market price of rice and crops groun.*

Rates of return®

1990 1995 2000

High world market price:
Import price of rice
(Colombo c.i.f.) relative to
the construction cost index;
average for 1974-7%¢ 143 (13) 113 (D 08 (9

Crop diversification:
Complete diversification
in the yala season with high
performance nonrice crops? 1.47 Q4 111 088 (9

* Forall cases, the technology level of “New Improved Varicties; N=120kg" for rice is assumed.
The capital cost of construction is estimated on the basis of the treud curve.

® The benefit-cost ratio. The internal rates of return are shown within parentheses.

¢ 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-gate price.

¢ Itis assumed that the entire cultivated area in the yala (dry) season with a cropping intensity
of 0.5 can be planted with the high performance nonrice crops. The gross value added of
the nonrice crops is assumed to be Rs 72,000/ha, in 1989 prices.

Source Aluwihare and Kikuchi (1991)

Colombo c.i.f. price. The results shown in Table 1.7 indicate that, with the unit capital
cost in 1990, the B/C ratio will be raised to 1.2, but it soon declines to below 1.0.1°

Our conclusion that the era of “major” irrigation construction has ended is thus
maintained under these two extremely favorable cases for new construction, cases

" It should be noted that in reality there are many difficulties and constraints in promoting
crop diversification in rice-based irrigation systems on a wide-scale (IIMI 1990a; 168-178): it is
difficult to identify economically viable nonrice crops which can replace rice; some high value
nonrice crops are available for farmers to adopt, but usually these crops require higher input
intensity as well as more deliberate water management than rice does; not all soil types found
in the irrigation systems are fit for growing nonrice crops; the markets, both for outputs and for
inputs, are not well-developed; etc. There is no doubt that needs as well as potentials exist for
crop diversification, but there are many prerequisites to attaining it, including the capability 1o
manage waler belter than is necessary for rice.
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which are hardly likely to occur.” The conclusion s further reinforced when compared
to othertypes of irrigation investments which have emerged in the management phase.

MANAGEMENT PHASE: REHABILITATION AND WATER
MANAGEMENT IMPROVEMENT PROJECTS

A new trend in irrigation investments emerged in the mid-1970s; investment in
irrigation system rehabilitation appeared and has rapidly increased its share in the total
irrigation investments. Following this, with a short time-lag, has been a spate ci water
management improvement projects. Why? It is natural to hypothesize that the
diminishing returns on new irrigation construction, due to massive investments in the
past, have increased the relative profitability of the investments in improving and
enhancing the quality of existing systems.

let us examine this hypothesis by estimating the rates of return on sclected
rehabilitation and water management projects. Two completed major rehabilitation
projects — the Tank Irrigation Modernization Project (TIMP) and the Gal Oya Water
Management Project (Gal Oya)— and three water managementimprovement projects,
implemented in the Kimbulwana, Pimburettawa, and Nagadeepa systems, are sclected
for post-project cost-benefit analysis.

The same cost-benefit analysis framework as for the constant price estimation for
new construction investments is applied; both the capital costs and benefits are valued
at 1986 prices, and the benefits are measured by the increases in agricultural income
due to the projects. There could be various possible sources of benefits from
rehabilitation/water management projects. In this study, we take into account only two
sources of possible benefits: changes in the cropping intensity, and reduction in yield
gaps between the head- and tail-end sections due to better water distribution after the
project. Rice is assumed to be the crop grown, with yields identificd by system, except
TIMP for which the technology level “NIV; N=120" is assumed. The gross value added
ratio of rice production is assumed to be 80 percent. O&M cost is assumed to be
Rs 740 per ha. The lifetime of project benefits is assumed to be 20 years for major
rehabilitation projects and 15 years for the water management projects.

" Note the magnitudes of changes assumed in our sensilivity analyses. Unlike appraisal
reports for this kind of irrigation project in which sensitivity analyses are made assuming 10-20%
changes in crucial parameters in cost-benefit analyses, ours are in the order of several hundred
percent. Any possible changes in the parameters other than those treated here will be within
these magnitudes. For instance, a basic assumption in the cost-benefit analysis made thus far
for irrigation construction is that the newly created systems are operated at a cropping intensity
of 1.3. What if it is 2.0? The benefits then will be increased by about 50% over the 1.3 case. Such
an increase in bencfits is well within the magnitudes.
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The results of the estimations are summarized in Table 1.8, together with the rates
of return of new construction investments in the 1980s for comparison. As expected,
the two major rehabilitation prajects both show rates of return higher than new
construction. In particular, the Gal Oya Project reveals high rates of return for
rehabilitation investments. Itis interesting to notice that the level of profitability of this
project is almost at the same level that investments in irrigation construction enjoyed
forty yecars ago, when the irrigation sector started its construction phase after
independence. The Gal Oya case thus gives clear cupport to the hypothesis that
rehabilitation is a more lucrative investment oppe:wnity than new construction at the
present stage of irrigation development.

However, not ali major rehabilitation projects are necessarily as successful as the Gal
Oya project, as illustrated by the TIMP case. The difference in the rates of return
between TIMP and new construction is marginal. It has been pointed out that TIMP,
as the first major rehabilitation project in the country, encountered many difficulties
in implementation; particularly serious was its strong bias towards engincering and
capital intensive directions while giving little attention to the farmer-beneficiaries in
the design and O&M processes (e.g., Murray-Rust and Rao 1987). It is said that the
most valuable contribution made by TIMP is that it has given many useful lessons to
the rehabilitation projects that followed it. It is noteworthy that the Gal Oya project,
which is said to have absorbed many useful lessons offered by TIMP (Merrey and
Murray-Rust 1987), showed far better economic performance than its predecessor.
Improving water management through introducing institutional changes, including
tarmers organizations, became a central feature of the Gal Opya project; it thus included
clements of both rehabilitation and water management improvement projects.

Table 1.8. Kates of return on irriqation investments in the 1980s: Comparison of B/C ratios
and internal rates of return of new construction, major rebabilitation, and water
management improvement projects, based on 1986 price estimates.

B/C ratio Internal rate
of return (%)
I.  New construction Projccts:
The average for the 1980s* 0.8 9
II. Major Rehabilitaton Projects:
TIMP® 1.1 1
Gal Oya 23 24
IIl. Water Management Projects:
Kimbulwana 134 83
Pimburettawa 7.4 77
Nagadeepa 0.4 6

* Forthetechnology level “New Improved Varicties; N=120kg" and the estimated construction
costs (From Table 1.6).

® The rates of return for the Tank lrrigation Modernization Project arc based on “would-be”
benefits assumed in the project 2ppraisal report. For all other rehabilitation and water
management projects, the project benefis are based on the data that show changes before
and after the projects.

Source Aluwihare and Kikuchi (1991)
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Move striking results in Table 1.8 are the very high economic performanc that some
waler management improvement projects reveal. The Kimbulwana and Pimburettawa
Projects yiclded internal rates of return as high as 70 to 80 percent, implying that such
projects have been terribly underinvested. It is not surprising at all, however, to see
such results for waler management projects, if one examines the present level at which
many major irrigation systems in Sri Lanka are being operated and maintained:
incquitable water distribution, considerable wastage of water by head-end farmers,
poor management of water in the maha scason leading to water shortage in the yala
season, poor maintenance of physical structures, etc. Rectifying these defects results
in substantial increases in system performance, while requiring litle financial
investment.

However, not all water management projects are successful. Among the three
projacts studied, we failed to detect any systematic improvement in system perform-
ance after the intervention in Nagadeepa. There are two important differences
between this and the other two projects. One lies in the inadequate follow-up o
consolidate the water management improvements by the managing agency at
Nagadeepa. The other lics in the components related (o physical structure improve-
ments, the rehabilitation and/or modernization components, however minor they
were, accompanied the institution-building and water management improvement
~omponents in Kimbulwana and Pimburettawa, whereas they were almost nonexist-
ent in Nagadeepa.

An important lesson that could be derived from these experiences is the importance
of physical structure improvements as a precondition to achieving better water
management through farmers' participation and cooperation. The two success cases
suggest that very modest investments in rehabilitation are sufficient to provide the basis
for water management impiovement.'? A second lesson is the importance of sustained
effort to achieve the full potential of improvements over the long term.

The available evidence thus indicates that, given proper design and implementation,
the economic performance of rehabilitation and waler manage:ment improvement
projects is far better than that of new construction. The rapid increasc in rehabilitation

12 The capilal cost per hectare of these water management projects, in 1986 prices, can be
roughly broken down as follows (Kikuchi and Aluwihare 1990b):

Kimbulwana Pimburetlawa Nagadecpa
Rs/ha
Rehabilitation of physical
structures 4,332 4,734 596
Institution building 0 902 621

Note that the amount spent for physical improvements in Nagadeepa was less than the assumed
level of O&M cost per hectare, and that the rehabilitation component was quite similar fur
Kimbulwana and Pimburettawa, i.e., US$ 160/ha (using the average exchange rate of US$ 1.00
= Rs 28.00 in 1986).
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investments and the proliferation of water management improvement projects in and
afterthe late 1970s must have been induced by such changes in the relative profitability
of these investments.

Onc may think that, even if their rates of return are higher, the absolute amount
of benefits to be generated from such projects would be far less than the benefits
obuained from new construction projects. If that were the case, considering the
overhead and other transaction costs involved in project preparation and implemen-
tation (which are not taken into account in our cost-benefit analysis), it might not be
worth pursuing the opportunitics for rehabilitation and water management improve-
ment. To answer this question, the project net present value, defined as the present
value of the total project benefits less the present value of the total project capital

Table 1.9. Comparison of the Net Present Values of new construction and rebabilitation/
waler management improvement profects of selected irrigation systems in Sri
Lanka, in 198G prices.

New Rehabilitation/ /()
construction  walter management
Q)] @)

Gal Oya

Construction period* 1949-61 1980-87

Command arca (ha) 38,000 25,0001

Total capital cost® (Rs million) 2,190 450 0.21

Internal rate of return (%) 12 24 2.00

Net Present Value® (Rs million) 1,459 1,055 0.72

(960) (1.10

Kimbulwana

Construction period* 1953-62 1979-80

Command arca (ha) 560 666¢

Total capital cost® (Rs million) 218 2.9 0.13

Internal rate of return (%) 16 83 5.19

Net Present Value© (Rs million) 53.3 113 0.77
Pimburcttawa

Construction period* 1969-75 1986-89

Command area (ha) 1,619 2,153¢

Total capital cost® (Rs million) 89.0 12.1 0.14

Internal rate of return (%) 25 77 3.08

Net Present Value® (Rs million) 168.2 81.3 0.18

* For the new construction projects, the :nd-year is cefined as the year by which time 90
percent of the total capital investment was made.

> Capital interest during the gestation period is not included.

¢ Net Present Value of project = total capitalized benefits (net of O&M costs) minus total capital
investment costs. Costs and bunefits are compounded/discounted by an interest rate of 10
percent.

¢ For the Left Bank only.

© The command area after tiie project.

Source: Aluwihare and Kikuchi (1991)
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invesiments, are estimated and compared between new construction and rehabilita-
tion/water management improvement for three systems (Table 1.9).

In the case of the Gal Oya system, the net present value of the new construction
project in 1986 prices was Rs 1,459 million while that of the rehabilitation project was
Rs 1,055 million. If the benefits of the new construction project are prorated, according
to its command area share, to uie Left Bank to which the rehabilitation project was
confined, the net present value of the rehabilitation project was even larger than that
of the 1:2w construction project. Similar results are obtained for the water management
projects. We conclude that investments in rehabilitation and water management
improvement are valuable economic opportunities in terms not only of the rates of
return but also of the absolute size of the benefits to society.

IMPLICATIONS FOR POLICY AND RESEARCH IN IRRIGATION
MANAGEMENT

Policy Implications

Future direction of the irrigation sector. The most important general iraplication of our
study is that development of the irrigation sector in Sri Lanka has shifted from the
construction of new irrigation systems to rehabilitation/modernization, coupled with
an improvement in water management, of the existing systems. Itis clear that, given
the present state of irrigation development in the country and the present levels of
technology in agriculture and construction engineering, little ecoriomic potential is left
to be exploited by new irrigation construction. This is not to deny that there could
still be some potential for developing new irrigation systems in some parts of the
country, most likely small- to medium-sized. Generally speaking, however, the era of
majci iirigation construction in Sri Lanka is at an end.

Insicad, now that the irrigated land base has been well-established, attention
in the irrigation sector should be directed towards, and concentrated on, rehabilitation
and niodernization, and improvement in water management, including crop diversi-
fication, of the existing systems. The potential for increasing agricultural income
through these means is high. In particular, water management improvement is unduly
under-invested, leaving huge polentials to be exploited from now on. It is the
uncontested, inexorable direction for the irrigation sector in Sri Lanka to go into the
“management” stage, while getting out of the ingrained “construction bias” that has
become built in over the last four decades.

The experience in the irrigation sector in Sri Lanka could be typical of many
other countries in the Asian tropics where land is scarce. Being a smallisland country,
the change in emphasis in the development of the sector has been as clear as if
observations had been made in a laboratory. In larger countries, consisting of many
regions with diverse development stages, it may be more difficult to identify such a
change at the national aggregate leve!. However, having had a construction stage
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during the last few decades, in common with Sri Lanka, the irrigation sector in many
of these countries should have reached a similar stage by the 1980s. Sri Lanka's
experience illustrates that the management orientation is inevitable in the irrigation
scctor in Asia, and that the economic potentials in this direction are large.

Macro-economic context. Agricultural development is a necessity for the country’s
economic development. The major efforts of the government since independence
have been directed towards the agricultural sector in general and the irrigation sector
in particular. This dirsction has been correct: countries that have underfunded
agriculture have paid a high price in terms of foregone development, and Sri Lanka
seems 1o have avo’ded this trap. The development of the irrigation sector has been
critical for the agricultural development in this country, and it continues to be so,
though with a different emphasis. Keeping and upgrading the performance of the
existing irrigation systems in the most efficient manner would be consistent with the
overall national development policy, leading towards a higher level of economic
rerformance of the entire economy.

With a well-established base for food production, not only the irrigation sector but
also the economy as a whole needs to be diversified. As stated in any text book on
development economics, an important role of agriculture in economic development
is to supply resources, financial as well as human, to the rest of the economy. So far,
in Sri Lanka, this role has been played by the tree plantation sector. As Table 1.10
indicates, the order of resources that the rice sector has been absorbing from the rest
of the economy, the major part of which has been for irrigation development, is
roughly comparabic to the “agricultural surpluses” that the tree sector has been
generating. The shift from the construction to the management stage in the irrigation
sector will release the bulk of these resources to other sectors of the economy, in
addition to foreign exchange savings/earnings that will be forthcoming if the sector
is successful in crop diversification with import-substituting, and/or exportable,
nonrice crops.”

" The following rul: of thumb calculation gives indicative orders of the resources to be
released from the irrigation sector by the shift from the construction to the management phase.
Assume: 1) the irrigated land area of the country remains at the present level of about 500,000
ha (major and minor irrigation); 2) this existing irrigated land-base requires rehabilitation or
modernization every 20 years so that 25,000 ha need rehabilitation cach year; 3) capital costs
for rehabilitation/modernization are at the level needed for the Gal Oya rchabilitation project
(about ks 25,000/ha in 1986 prices; note that the “rchabilitation” needs for the water
management projects in Kimbulwana and Pimburettawa were cne-fifth of this level); and
4) O&M nceds are Rs 740/ha at 1986 prices for the entire irrigated area (note that the actual
government O&M cxpenditures are about Rs 300/ha for the major irrigation systems and that
no expenditure was incurred by the government for the minor irrigation systems of about
180,000 ha). The annual investment needs are then estimated to be around Rs 995 miillion, which
is less than 30 percent of the average annual total irrigation investments for the period from 1978
to 1988. At least 70 percent of the funds which have been invested in irrigation development
could be released for other development purposes. If O&M costs were borne by the farmers,
instead of using scarce government resources, this release rate would increase to more than 80
percent.
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Table 1.10. Total net tax and levies from the tree plantation sector and tolal subsidies 1o the
rice sector including irrigation investments, 1960-1982, in current prices.

Total net tax Total producer and @/
and levies from consumer subsidies
tea, rubber and coconut to the rice sector*
0 @)
-------------- Rs million ----------
1960 386 322 0.83
1965 493 407 0.83
1970 499 652 1.31
1975 806 824 1.02
1980 4,428 1,179 ® 0.27
1982 3,357 3,498 ® 1.04

* Includes the public expenditures on irrigation
® Only the public expenditures on irrigation.
Source Thorbeck and Svejnar (1987), and Aluwihare and Kikuchi (1900).

Government and donor responses to the change in emphasis. During the four decades
since independence, the government, together with international donor agencies, has
been responding fairly reasonably to the economic opportunities that have been
provided by the irrigation sector through the development of the irrigation infrastruc-
ture. It is reasonable to expect that the government will respond to the new
opportunities. In fact, though there has been a certain time lag, many steps have been
taken in the new direction since the early 1980s, some of which are well-documented
in the literature (e.g., IIMI 1986 and 1990b).

Notably, government efforts in the irrigation sector towards management orientation
have borne fruit in the form of the Irrigation Management Policy Support Aclivity
(IMPSA), launched in April 1990 with an 18-month project period. IMPSA, which is
financed by USAID and assisted by the Irrigation Support Project for Asia and the Near
East and I1IM], airns:

to develop specific policy statements and suggest implementation strategies to
expand on and fill the gaps in the broad policy framework on “participatory
management in irrigation schemes” as outlined in the Cabinet Paper on this subject
approved in late 1988. ..... IMPSA provides an opportunity for a fresh synthesis of
experience and the refinement of policy to ensure the continued and timely
transilion to a new participatory management system (IMPSA 1990; 1).

In short, IMPSA is a policy formulation process in transition from the construction
phase to the management phase, which represents a conscious government response
to the changing momentum in the sector.
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Guidelines for irrigation construction/rebabilitation projects. The cost-benefit
analyses in this study were based on the performance of irrigation projects imple-
mented in the past. This process of reviewing the investment performance revealed
certain ranges for crucial parameters in determining performance. Referring to these
ranges, a rough estimate can be made for the “reasonable” level of unit capital cost in
order for new irrigation construction/rehabilitation projects 1o be economically viable.

Crucial paramelers in determining investment performance are: 1) rice price, 2) rice
yield, 3) cropping intensity, 4) the extent of crop diversification with nonrice crops
which generate higher income than rice, and 5) the gestation period of a project
(construction period in the case of new construction). It can be said, at least in the
Sri Lankan context, that all other factors, such as agricultural input prices and project
lifc span, are of minor importance in the benefit determination under normal
circumstances. As illustrations, unit capital costs that make the B/C ratio equal 15 2.0
under certain levels of performance in terms of the crucial parameters are presented
in Tables 1.11 and 1.12 for new irrigation construction and major rehabilitation
projects, respectively. The level of B/C ratio = 2.0 is chosen as the minimum level of
rate of return for this kind of investment."

Itis indicated that unit capital cost should be, at the highest, about US$5,000 for new
construction projects and USS$2,500 for major rehabilitation projects, if these projects
are to be economically viable. We have to remember that the majority of the past
projects, while envisaging some performance level in the second category in these
tables (“reasonable expectation™), ended up in the first category (“reality”). It requires
considerable management and institutional efforts, after the project as well as during
project implementation, to attain the target levels for the crucial parameters in this
second category.

It should be noted that, although classified under “reasonable expectation,” it is
actually quite difficult to meet all the assumed levels for option 1I-5. For any project
proposal with a capital cost of more than US$3,000 for new construction and US$1,500
for major rchabilitation, the assumptions need checking; there may well be unrealistic
assumptions for some crucial parameters. Appraisal reports of capital intensive
projects would make third category (“highly heroic”) type assumplions as a last resort
in order 1o raise :he internal rate of return above a certain break-even level. Such a
high level of performance has never been attained in Sri Lanka, though it may

" The Gal Oya rchabilitation project had a B/C ratio about this level and the level is much
higher for some water management improvement projects. Any new projects should have a rate
of return at this level or higher to be ecconomically viable. At the order of cost and bencfit in
our examples with a discount rate of 10 percent per year, the B/C ratio of 2.0 roughly
corresponds Lo an internal rate of return of 20 percent.
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Table 1.11. Capital investments costs per bectare that make B/C ratio = 2.0 in 1990 prices:

new irrigation construction.’

Assumed parameters Unit capital cost?
Yield*  Cropping Crop Rs 1,000/ha(Us$/ha)
mt/ha  intensity!  diversification’ m=4 m=6
I. Reality?
1. 4.0 1.3 0% 73 (1,500) 605 (1,500
11. “Reasonable” expectation’
2. 40 1.5 0% 85 (2,100) 70 (1,800)
3. 50 15 0% 106 (2,700) 87 (2,200)
4 60 1.5 0% 127 (3,200) 195 (2,700)
5. 4.0 1.5 30% 113 (2,800) 93 (2,300
6. 5.0 15 30% 132 (3,300) 109 (2,700)
7. 60 15 30% 151 (3,800) 125 (3,100)

HI. “Highly heroic” assumptions®
8 6.0 1.8 30% 191 (4,800) 158 (3,900)

Basic assumptions: a) the entire command area to be created in new, not including any old
cultivated areas; b) no opportunity cost for labor is used in the new system,; ©) the rice output
is valued at Rs 5.20/kg (in paddy) which is the Colombo c.i.f. price linked with the World
Bank projected rice price for the year 2000; and d) a gross value added ratio of rice production
of 80 percent.

Capital costs per hectare of the new command area which make B/Cratio = 2.0. Two different
average gestation periods (m) of the project investments are assumed; four years and six
years, The exchange rate assumed is US$1.0 = Rs40.00.

Rice yield per ha to be realized after the project.

The cropping intensity to be realized after the project,

The percentage of the yala season crop area planted to high-value nonrice crops, the gross
value added of which is assumed to be Rs 72,000/ha in 1990 prices.

Assumes the average performance level attained by the irrigation new construction projects
in the past.

Assumes performance levels that could be attained with reasonable efforts in management
aspects lo ensure better O&M after the project than in the past.

The performance levels which irrigation engineers-designers may wish to have in their desk
work, but which have never been achieved in reality under the Eri Lankan setting.



Table 1.12. Capital investments costs per bectare that make B/C ratio = 2.0 in 1990 prices:

mayjor irrigation rebabilitation.’

Assumed parameters Unit capital cost?
Yield®  Cropping Crop Rs 1,000/ha(US$/ha)
mt/ha  intensity!  diversification® m=3 m=5
I. Reality
1. 4.0 +0.3 0% 25 (600) 21 (500)
II. “Reasonable”expectation®
2. 40 +0.5 0% 36 (500 29 (700
3. 5.0 +0.5 0% 44 (1,100) 37 (500
4. 6.0 +0.5 0% 53 (1,300) 44 (1,100)
5. 4.0 +0.5 30% 62 (1,600) 51 (1,300
6. 5.0 +0.5 30% 69 (1,700) 57 (1,400)
7. 00 +0.5 30% 76 (1,900) 62 (1,600

111, “Highly heroic” assumptions’
8. 6.0 +0.7 30% 101 (2,500) 83 (2,100

Basic assumptions: a) two sources of benefits from rehabilitation, i) increase in the cropping
intensity (including an increase in the command area after the project), and ii) 10 percent
increase in the system’s average rice yield due to the yield-gap reduction between the head-
andail-end sections resulted from better water management; b) no opportunity cost for labor
is additionally required for agricultural production; ©) the rice output is valued at Rs.5.20/kg
which is the Colombo c.i.f. price linked with the World Bank projected rice price for the year
2000; and d) the gross value added ratio of rice production of 80 percent for newly added
planted area (for the yield increase duc to yield gap reduction, no additional current inputs
are assumed to be necessary)

Capital costs per hectare of the benefited area which make B/C ratio = 20. Two differ-
ent average gestation periods (m) of the project investments, three years and five years, are
assumed.

Rice yield per ha to be realized after the project (assumed to be the same as the yicld at-
tained in the head-end section before the project).

The increase in the cropping intensity due to the project. Assumes that the intensity before
the project is 1.3 (the average for the major irrigation schemes at present).

The percentage of the yala scason crop area planted to high-value nonrice crops, the gross
value added of which is assumed to be Rs.72,000/ha in 1990 prices.

Assumes performance levels that could be attained with reasonable efforts in management
aspects to ensurc better O&M afier the project than in the past.

The performance levels which irrigation engincers-designers may wish to have in their desk
work, but which have never been achieved in reality under the Sri Lankan sctting.
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become feasible if irrigation management research can successfully identify how to
attain such a high performance."

Research Implications

The irrigation scctor has reached the management stage. However, there are many
unknowns in pursuing this new direction. The economic potentials of new
opportunities are large and realizable, as exemplified by the “success” cases of major
rehabilitation and smaller water management impravement projects studied in our
rescarch, but necessary and sufficient conditions for realizing the potentals are not
fully known. In the case of Kimbulwana, a successful water management improve-
ment project, the Technical Assistant (TA) attached to the systcm played a key role in
the project; without him there might have been no success. The question then arises
as 1o why those in other systems failed. Even for this project, certain criticisms exist
(Weeramunda 1985). Athukorala and Athukorala (1990) raise the same sustainability
question for the Pimburettawa case. What are the decisive factors that made certain
projects successful and certain others failures? How can a successful water manage-
ment project be sustained? We have hypotheses but no systematic answers to these
fundamental questions, and the replicability of these success cases is not assured
without the answers. More research is definitely needed in this field, the profitability
cf which is firmly ensured by the huge economic potentials of the object itself.

Complementarity between physical and institutional improvements. Qur study on
rehabilitation/water management improvement projects found particular
complementarity between the physical infrastructure and institutional improvements;
for all the success cases, these two went hand in hand. It is clear that physical
improvement alone cannot solve the problem of irrigation management and that
institutional/organizational aspects are critical. The kinds of physical improvements
that complement institutional improvements, and the conditions under which these
two components best interact for cumulative improvements in system performance,
are important areas of water management research suggested by this study.

1 The levels of unit capital cost referred to here should not be taken to mean that one can
spend up 1o those levels in construction or rehabilitation projects. Every effort must be made
to attain the best investment performance under the specific conditions and realities that each
project faces. For instance, in the case of rehabilitation, a unit capital cost of US$1,500 at 1990
prices is referred to as a “reasonable” level. This does not mean that every rehabilitation project
should aim at this level of unit capital cost. Given a certain level of perfermance, the unit cost
of a project should always be minimized. In the case of the Irrigation System Management Project
(an on-going major rehabilitation project which pursues cost-effective methods of system
rehabilitation and modernization under “Essential Structural Improvement” “Pragmatic Rehabili-
tation” with a heavy emphasis on farmer organizations), the level of unit capital cost envisaged
is 60-70 percent of the Gal Oya rehabilitation project, or about US$400-US$500/ha at 1990 prices.
As we suggest, an important area of irrigation management rescarch is to find the best balance/
interactions between physical and institutional improvements in pursuit of beuer performance
with the lowest cost combination.
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Where does the potential lie?In conducti ng cost-benefit analyses for rehabilitation and
waler managemerit projects, there are difficulties in identifying the benefits, since the
sources of these benefits are numerous and ofien elusive. In addition to the two direct
benefits (an increase in the cropping intensity and reduction in the yield gap between
the head end and tail end due 1o better water management), which are taken into
account in our cost-benefit analyses, there could be indirect ones. For example, well-
rehabilitated and better-managed systems may lower O&M co:'s.  Well-organized
walcr users’ groups, which are usually the central component of water management
improvement projects, would be instrumental in making maintenance more effective,
reducing damages o the physical structures, improving water distribution, reducing
wastage of water, and achieving a higher cropping intensity and better crisis
management in times of drought, etc. To the extent that they are identifiable, these
indirect benefits should be included in our analysis, and research efforts should be
made to identify the impacts of water management improvement upon these sources
of benefit.

However, our data clearly show that the two direct sources of benefits are by far the
major ones. Itis particularly the increase in the cropping intensity that determines the
level of the rate of return on investments in these projects. Inthe cases of the Gal Oya
rehabilitation project and Kimbulwana water management project, 75 percent of the
total benefits came from the increase in the cropping intensity and the remaining 25
percent from the reduction in the yield gap. In the case of Pimburettawa, the share
was 100 percent. Among the indirect sources, we have some data for possible cost
reduction in O&M due to better management. The level of O&M cost assumed in our
analysis is Rs 740/ha in 1986 prices, whereas the actual government expenditure for
this has been less than Rs 300/ha. Even if this “full” cost (Rs 740) is borne by the farmers
so that the government can save scarce resources, 't the resulting cost reduction is less
than 40 percent of the benefit due to the reduction in the yield gap in the two cases
above.

All this implies that the largest economic potential in water management improve-
ment lies in the possibility of increasing the cropping intensity, followed by reduction
in the yield gap through more cquitable water distribution. If the potentials are to be
realized cffectively, efforts in water management research should be strategically
directed to arcas where the results of the research bring about an increase in the
cropping intensity and more equitable water distribution to reduce the yield gap in
irrigation systems.' Indicators of system performance should be related in some way
with these two paramelers. As far as economic performance is concerned, indicators
that are unrelated to these paramelers would be meaningless.

' Our study in the Kimbulwana system indicates that the nonlabor O&M expenditures of high
opportunity cost in this well-maintained system, through well-organized farmers' groups, are
almost negligible (1M1 1989).

7 Crop diversification with high-value nonrice crops, if promoted successfully, could be
another source of significant benefits. Note also that in this paper we do not deal with the issue
of “institutional change” (in the sense of the 1Ml Strategy), which would have a potential benefit.
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How big 1s big? The potential or challenge ahead. We conclude that irrigation
managemeni improvement has a big economic potential. The size of this potential
depends critically on how far system performance can be improved in terms of the two
parameters discussed above — the cropping intensity and the yicld gap reduction.

Figure 6 shows annual changes in the cropping intensity (rice harvested area base)
of the major irrigation systems in the dry zone by season for 1960-87. In the last three
decades, the cropping intensity has never reached 0.9 in the maha season or 0.7 in the
yala scason, the averages for the period being 0.79 and 0.51, respectively. How far
can it be raised on a secular basis through water management improvement? Factors
affecting it being many, it is difficult to predict a possible level. However, the following
regression cquations may give indicative figures:

CI_,, =0.099 + 1.306 Rain_,, - 0.612 (Rain_, )* + 0.083 D
0.716) (4.736) (-4.514) (4.100)
R? (adj)) = 0.534
Cl,, = 0.969 - 0.243(Rain,,,,)" + 0.219Rain , +0.072 D -0.003 1
(7.329) (-6.985) (1.566) 2185  (-1.696)
R? (adj.) = 0.710

where; CI = the cropping intensity, Rain = total rainfall during the season in meters (in
the case of the yala function, Rain_,, = total rainfall during the maha preceding the
yala season), D = dummy variable for the period after the Mahaweli walter diversion
to the dry zone (D=1 for 1978-87)'¢, t = time trend (60, 61, ..., 87), and the figures in
parentheses are (-ratios. ‘ihe effects of rain on the cropping intensity could be
interpreted as follows: in the maha season, rain during the scason affects the cropping
intensity positively, buttoo much rain reduces it; in the yala season, rain in the previous
maha season, which determines the waler storage of the tank at the beginning of the
scason, has a decisive impact on the cropping intensity with a certain maximum ceiling
for it

The maha function gives a maximum cropping intensity of around 90 percent
forthe period D=1, and the yala function yields the cropping intensity ceiling of around
80 percent for the late-1980s with average yala scason rainfall. Thus, the past cropping
intensity performance reveals the yearly cropping intensity of 1.7 on dry-zone major
irrigation systems as altainable under the best conditions with rice as the crop grown.
If good management could be a substitute for these best conditions, this would be the
level of the cropping inlensiiy attainable with rice. ‘This is an increasc over the present
level by about 0.4. 1t may not be impossible to increase it further to a level of 2.0, an
increase of 0.6 to 0.7 over the present level, if nonrice crops requiring less water can

'® Note that the Mahaweli dummy has a positive significant coeflicient for both the maha and
yala functions.
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be successfully introduced in the rice-based systems.® An increase of 0.6 for the
existing irrigation systems in the dry zone (from 1.3 to 1.9 for major irrigation and from
0.810 1.4 for minor irrigation) is equivalent to constructing new irrigation systems, with
the present level of the cropping intensitv of a total command area of 200,000 ha,
which is more than 65 percent of the present “otal command area of the dry-zone major
irrigation systems.

As for the yield gap reduction, available data indicate that an increase of some 10
percent in the average unit rice yield for the system as a whole can be attained by this
reduction due 1o water management improvements. If this is applicable to all dry-zone
irrigation systems with an average rice yield of 4 mv/ha for major irrigation and 3 mt/
ha for minor irrigation, together with the increase in the cropping intensity of 0.6, a
rule of thumb calculation suggests that the expected income increase in real terms
would amount to about 60 percent of the income presently generated in these systems,
assuming that rice, and/or nonrice crops which give an income as high as rice, are
grown. To the extent that nonrice crops giving an income higher than rice can be
planted, an expected rate of income increase could be even higher than this level. It
is no doubt hard to attain these targets, but this is the order of economic potential that
irrigation management, and research therein, is challenged to realize in Sri Lanka,

¥ The Kimbulwana case gives the best example in this respect; by implementing a strict water
rotation system, the cropping intensity was increased from less than 1.3 to nearly 2.0 on an
average basis, with a third crop in some years (Gunadasa 1989).
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CHAPTER 2

Organizational Dynamics in a Corporate-Type
Irrigation Organization: an Analysis of the
National Irrigation Administration in the
Philippines

Khin Maung Kyi, C.M. Wijayaratna and
Charles Nijman

THIS STUDY SETS out to examine the internal dynamics or internal administrative
behavior of irrigation organizations relative to environmental changes, policy changes,
and clientele demands, and to explain how different types of behavior adopted by the
organizations related to the performance or effectiveness of the organizations, and
how they should be seen as a comprehensive study of organizational behavior.

Irrigation organizations, as most governmental agencies in their original setting in
developing countries, were originally introduced or designed to be run as bureaucratic
and welfare-dispensing crganizations. If we look at the classic case of the warabandy
system, water is allocated to farmers on a ration basis since available water can never
be sufficient for the needs of all the farmers. 1tis the job of t.~ organization to deliver
the water according to the rationing principles, and itis thenleft to the farmers to utilize
itin the best possible way. Under these circumstances, irrigation systems are organized
to follow uniform procedures to ensure regularity, fairness, and reliability — the
characteristics of the “machine type” of bureaucracy. However, the nature of demand,
the condition of the physical structure of canals, and the nature of the social
environment and social pressures have changed. In recent years some of the newer
structures have been built 1c allow for more flexible responses to the demands of
different types of clientele. Nonetheless, in most irrigation organizations, the basic
structural or strategic changes or changes in style needed to relate to environmental
demands have not taken place. Instead, the old bureaucracy has deteriorated; a new
set of behavior has arisen and, instead of following or adhering to the original rules,
selective use, and evasion or disregard of these rules has been practiced to meet ad
hoc requirements ur as opportunistic short-term responses. Under this scenario
agencies could reap neither the advantages of machine bureaucracy such as precision,
regularity, and fairness, nor the flexibility or responsiveness of market-oriented
systems,

Recently, a movement towards introducing modern management methods has
begun in some irrigation organizations. This “managerial mode” is defined as the
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rational organization and management of work to achieve clearly defined objectives
including their attendant motivational structure. This is different from the entrepre-
neurial mode, which adapts the organization to take advantage of the environment and
capitalize on its own strength. The emergence of this mode in irrigation organizations
isstill too early to be visible at this stage. But government policics, financial constraints,
the need for accountability and results, and increa: .J participation and awareness of
farmers are exerling pressure on agencies to adopt >re managerial or entreprencurial
practices.

Some governments have also introduced new i rms of structure to influence or
change the behavior of irrigation agencies. The corporate form of organization
introduced in the Philippines, or the integrated management methods initiated in India
and Sri Lanka such as command area authority and river valley authority are examples
of attempits to effect organizational change.

Certain admiristrative behaviors — bureaucratic, pseudobureaucratic, managerial
or entrepreneurial — are considered as focal points of the study and they are related
to variables such as environmental changes, including government policies, financial
constraints, clientele pressures, donors’ influence, changes in organizational structure
such as integrated management or corporate form, and also prevailing management
policies and management culwre. The study will examine how different administrative
patterns arising from differing mixes of antecedent factors in turn influence systems
performance, which again react with the environments. This model, shown
diagrammatically in Figure 2.1, is the basic rame of this study.

Figure 2.1. A model of management behaviour and performance in irrigation

organizations.
Government policies
Environment | Users' demands
Financial crunch
I Environmental lobby
Managerial Managerial
policies/ behavior Performance
culture
Agency
Integrated
Structure {  Management
Corporate

Managerial behavior
1. Bureaucratic

2. Pseudobureaucratic
3. Managerial

4. Entrepreneurial
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This study will be accomplished at two levels — inter-organizational comparison
and intra-organizational analysis. It examines three different typcs of organizations,
the corporate type, the project type, and the traditional departmental type as
exemplified by the National Irrigation Administration (NIA) of the Philippines, the
Mahaweli Authority of Sri Lanka, and the Irrigation Department of Sri Lanka,
respectively. While the inter-organizational comparison will consider these three
organizations, the intra-organizational study will concentrate on the work units or
responsibility centers of the organizations. Many organizational studies take the macro
approach; this approach, however, often fails (o go deep into the internal workings
inside the organizations. Qur approach is bas:d on the detailed study of how various
work units and individual responses make up the various dimensions of the group
process within the organization.

In the case presented here, the NIA of the Philippines, the organization funciicns
in the centext of a changing environment and adapts new managerial policies 1o suit
this changing condition. In addition, we explain how different work units in the NIA,
both at the headquarters and at the local level, perform in relation to these cl.anges;
why some units have adapted well to the new environment and policies, while others
are failing to do so.

BACKGROUND AND SETTING

The National Irrigation Administration (NIA) was first established in 1964 as a
corporation under an Act of the Philippine Congress. Essentially, it took over the
functions of the irrigation division of the Bureau of Public Works. The development
of NIA as a public corporation followed the trend where special-function agencies
were crealed to operale development activities independently, unencumbered by the
existing bureaucratic rules. The growth of public corporations increased with
increasing finances — and also increasing governmental initiatives in the development
process at that period. Although NIA was a corporate organization, it functioned
initially as a department system because its cost of operation and maintenance was
essentially financed by a general appropriation of the government, and not by its own
resources. Even the fees collected were transmitted to the Treasury and the budget
nceded was appropriated by the Congress. In 1984, a fundamental change was
initiated. The NIA was made to pay progressively for its own operation and
maintenance costs, and collection of fees, sale of unused equipment, and equipment
rental became the major sources of revenue for the NIA though there were special
subsidies. Thus dawned an era of corporate financial decision-making with a
substantial degree of independence and latitude. A further detailed policy for
recovering costs was laid down in 1978. A new charter in 1980 gave NIA the right to
charge an overhead of five percent on [oreign loan accounts and construction projects
carried out with foreign financial support.

In response to these changing conditions, a series cf measures were initiated by NIA
to achieve financial viability. "hese included the devolution of responsibility to the
various administrative units (systems, in the case of field operation), and also to
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regional office and central office departments and divisions. The operational national
irrigation systems and provincial irrigation systems were treated as autonomous
financial responsibility centers, each unit accountable for its own financial profitability.
Measures to improve the collection of fees such as for parcellary mapping, close
supervision and coordinating of collecting officials, as well as cost-cutting exercises
such as selling obsolete equipment or eliminating unproductive operation sections
were undertaken,

PERFORMANCE-ORIENTED APPROACH

In the NIA setting, the basic responsibility centers include national irrigation systems
which operate the state-owned irrigation systems and also provincial irrigation offices
responsible for construction and providing services to the communal irrigation
associations. As these form the major revenue earners of NIA, the efficient running
of these systems has become the priority of NIA’s new strategy. Accordingly, NIA
introduced an incentive system based principally on the financial performance of these
responsibility centers. Every system manager in the national irrigation system is
evaluated on the basis of four criteria. The score points for each System Manager for
irrigation are:

Points allotted

1))

1. Operating efficiency 40

2. Maintenance 20

3. Collection efficiency 20

4. Viability index 20

5. Additional bonus points 20
a) Operation index 6
b)  Collection efficiency 6
c) Viability index 6
d)  Report submission 2

The operating efficiency has two indices: 1) irrigation intensity of dry and wet
seasons, which is given 30 points; and 2) irrigation system efficiency index, essentially
the efficiency index of the water distribution system (demand for water divided by
supply of water) which is given 10 points.

Under this system, the maximum of 10 percent of the net earning or income is
entitled to tie system: which performs well in these indices. In measuring the
performance itself, the financial factors — collection efficiency (20 points), viability
index (20 points), extra bonus points (12 points) — were taken into account: a total
of 52 points in the bonus points system of 100 points.

As other measures such as the water distribution efficiency index and the
maintenance efficiency index include many approximate and judgmental items, the
results of these measurements will not probably be sharp enough to discriminate much
between the systems. Consequently, the financial indices based on haid data such as
the collected revenue and expenditure necessarily become the backbone of the
performance measures.
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IDENTIFYING THE PROBLEM

We now have to examine the relationship between performance and various
organizational factors in responsibility centers. Under the circumstances of change and
dynamism, irrigation systems in the Philippines give us a very good opportunity to
question or examine the supposed relationship between performance and organiza-
tional and environmental factors. The problem in the Philippines is that although the
viability index has been in operation for about six years there are still many systems
which barely survive or which are below the expected performance level of recovering
its operating costs. In many systems a situation of financial nonviability persists.
Therefore, NIA was greatly concerned with raising the productivity of low performing
systems. A number of explanations are given for this low performance. It has been
pointed out that some systems are not successful because their sizes or service areas
are not sufficiently large and, therefore, an economy of scale cannot be reaped. On
the other hand, it is also often posited that variations in system performance are mainly
due to the scarcity of water or rain during the summer months in parts of the
Philippines. The systems in the Philippines provide more or less sufficient secondary
irrigation during the rainy season, except for a few weeks in which irrigation is needed.
However, in the dry season agriculture is almost entirely dependent on irrigation. As
the amount of waler available during the dry season determines to a great extent the
area that could be farmed during the season, systems which have an insufficient
amount of water during the dry season are unlikely to achieve any level of viability
performance. It should also be noted that in the dry season irrigation service fees can
easily be collected because users are ready and willing to pay for water which they
cannot otherwise obtain. Alternatively, some have pointed out that yield is another
important factor in indirecly influencing the viability of the systems. Farmers
producing high-yielding crops with resultant high surpluses can afford to pay irrigation
fees, but those in areas where the yield is lower, find it difficult to pay irrigation fees.

‘These are some of the conditions highlighted as causes of variation between low
and high performing systems. In addition, we have also observed that there exists, in
almost every system, an intense management aclivity towards the end of the season.
We also suspect that, since collection of fees and reducing cosis are directly
contributory to financial performance, any factor which in turn promotes these
conditions will be very important from the management point of view. The effective
revenue collection and cost-reduction being highly management-intensive, they
naturally demand appropriate organizational development and changes. 1t is likely
that styles of management and organization practiced in some of the high-performing
systems will be different from the low-performing systems as each center manager
attempts to effect the desired changes. In other words, the managerial styles,
organizational tactics, and practices could also be importantly related to financial
performance variations in these systems.

Because of these reasons, we hypothesize that the financial viability of the system
may depend on a number of conditions which include both physical and managerial
Jactors. As NIA is one of the organizations that maintains a good information system,
we could verify the importance of physical factors on the basis of available information.
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Data on management factors and managerial profiles had also been collected in our
research. In consequence, examining these factors and also unraveling the detailed
workings of the management system itself will likely highlight the causes of variation
in the financial performance of these systems.

Of course, we acknowledge that an evaluation of the performance of irrigation
systems should include crileria other than purely financial success. For example, the
sustainability of the system, the satisfaction of users, the reliability and adequacy of
water supply, and environmental impact are other criteria that are to be looked at in
analyzing system performance. However, we are concentrating here on the use of the
viability index as a measure of performance. The reasons are obvious. As management
itself introduces the viability index as an important criterion, because staff themselves
are rewarded on these financial criteria and all activities are directed towards achieving
this objective, we use this as a focal point for our study. In addition, in the context
of financial independence, financial viability itself is a good indicator of the efficiency
of management systems.

Financial viability depends on two variables, revenue and costs. In addition, the
collection of fees will most likely be correlated with the service provided by NIA.
Unhappy or unsatisfied farmers are not likely to pay for the use of the service. The
factthat the collection rate is highin a particular system is partially attributed toa higher
level of service achieved in that system. All these factors point out that the study of
financial viability as a focal point is desirable and meaningful in this context.

METHODOLOGY

A selected number of sample systems, roughly forming one third of the total systems
in NIA were surveyed. The data collected was the result of a structured questionnaire
and economic and general information gathering from existing records and reports.
The questionnaires invited information about how the systems determine their
objectives, who influences the process, and an evaluation of the performance of the
supervisor and staff members in each system. In addition, these questions covered
various management processes such as information and activity flow, the chain of
command, organization of work, different types of motivations applied, different
management styles including the group process, individualized management, and the
interconnections between systems and other units in NIA itself or with outside units.
All these variables provided information to gauge the relative importance of both
physical factors and managerial factors which existed in these systems. Conditions
relating to each of these categories were correlated with the final financial perform-
ance. The questionnaires included different sets of questions, each to be answered
by different respondents such as supervisors and members of the work unit.

To analyze large magnitudes of data thus compiled, data reduction and the
construction of appropriale indices comprising answers to different questionnaires
were used. Item selection for each scale was done on the methodology developed
by early research. This research used questionnaires and methodology designed by
the Organizational Assessment Centre, Wharton School of Commerce of the Unijversity
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of Pennsylvania. Such questionnaires had already been applied to various types of
service organizations, including the various scales and subscales of important
management categories. We adopted these scales and the rationale used by the earlier
research as a starting basis for constructing the scales.

In addition, we improved the indices by studying how our own data actually appear
with respect to categories. Each question included in each of the subscales was factor-
analyzed and the factor scores for each category used as an alternative scale. When
factor analysis was used, coefTicient theta was applied as a reliability index and the cut-
off rate for acceptance of any scale was 0.80 or thereabouts. Resultant scores for both
methods were analyzed to ascertain differences between the various sets of systems
or between more-viable and less-viable systems or between the various levels of
employees or various types of employces within the subsets of the organization.

SAMPLING

As we defined performance as one category of analysis, we selected three regions in
NIA representing different levels of system performance. Region III in Luzon was
considered a lower performing group whereas Region Xl in Mindanao was considered
as the best performing group, while Region VI in Iloilo was taken to represent medium-
level performing groups. From each region, Provincial Irrigation Offices and the
National Irrigation Systems were selected, and from each system five to seven
respondents including the supervisor or the superintendent of the system, the
engineers, and other officials, including watermasters, were assigned to answer a
different questionnaire designated for each category of respondent. The superintend-
ents answered the Supcrvisor Questionnaire, and the members of the group answered
the Member Questionnaire. The Job Design Questionnaire was answered by one or
two other members of the group. The Focal Unit Questionnaire which examines
interrelationships between the responsibility centers and other units or outside
agencies was answered by the second in command of the systems or work unit, and
one of the watermaslers answered the Waler Distributicn Quesionnaire. In
constructing the scales, various items from the questionnaires were combined to
represent an average situation of each system. Table 2.1 describes the types and
number of the work units selected.

Table 2.1. Type and number of work units selected.

Central Regional NIS PIO
office office
Sample 35 23 36 16
Total 70 63 95 67

NIS = National Irrigation 5ysiems.
PIO = Provincial Irrigation Offices.
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A total of 110 responsibility centers or work units were selected in these samples.
These included 35 divisions from the central offices and 75 work units from the field.
The 75 work units in the field comprised 36 National Irrigation Systems, 16 Provincial
Irrigation Offices and 23 divisions of Regional Headquarters Offices. The total number
of work units selected from the National Irrigation Systems and Provincial Irrigation
Offices was approximately 30 percent of the total number of systems and 25 percent
of Provincial Irrigation offices. In the case of regional offices, there were usually five
to six divisions and all of them were selected. In the case of the Central OfTice,
approximately 50 percent of responsibility centers or work units were selected. In
other words, the samples formed a fairly large percentage of the total universe. From
each system or Provincial Irrigation Office, six to seven officials (forming the bulk of
important members of the staff in these systems) answered the questionnaires.
Approximately 700 questionnaires were collected in the survey, in addition to data
from existing records and from field interviews with various officials in these systems,

Table 2.2 describes the characteristics of sample irrigation systems. It will be noticed
that among the three Regions, Region 111, Region VI and Region XI, the average size
of the system varies from 3,400 ha to 7,400 ha. ‘The median is between 4,000 ha and
5,000 ha. However, the Upper Pampanga River Integrated Irrigation System (UPRIIS),
a reservoir system in the Pampanga Valley, includes four systems with an average size
0f 25,000 ha. Unlike other systems which are only run-of-the-river systems with a small
service area, the system in the UFRIIS forms part of a large river valley project which
uses the reservoir system. Apart from Region XI, all other regions have similar patterns
in percentage of actual to programmed irrigated area in the wet season or the actual
to programmed irrigated area in the dry season. The collection efficiency and viability
index in Region X1 are definitely superior. An observation may be made: several basic
characteristics such as average size, the cropping intensily ratio of rice to other crops,
and farm size do not really differ between regions.

RESEARCH FINDINGS

In identifying the problem the following two hypotheses were made:

1. Variations in performance are to some extent influenced by physical and
economic factors which are beyond the immediate short-run control of the system
managers.

2. Variations in performance of an irrigation system in relation to the viability index
is greatly influenced by the way in which the system management is organized,
operated, motivated, and accounted for.

In regard 1o the first hypothesis, the following are identified from the a.ailable data
as plausible physical explanations for the variation in the system performance:

* The service area of each system.

* The size of the landholding.

* The average yield per hectare.

* The percentage of rice crop to other crops.
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Table 2.2, Characteristics of the sample irrigation systems as at end of 1989.

Region Region Region  UPRIIS
1 Vi X1

1. Total service arca (ha) 67,179 53,500 38,370 100,781
Averagce servine arca per system (ha) 7,464 5,944 3,188 25,195

2. Irrigated arca (ha)

a) Program 53,067 46,783 27,426 91,544
Wel season 50,893 43,108 31,272 85,787
Actual/program (%) (96) 92) (114) 3

b) Program 41,808 30,293 25,352 65,077
Dry season 41,969 31,944 29,097 68,567
Actual/program (%) (100) (105) (ms) (105)

3. Benefited arca (ha)
a) Wel season 48,437 41,766 21,445 72,819
b) Dry season 40,900 29,297 24,223 53,201
4. Cropping intensity

a) Program 141 144 138 155

b) Actual irrigated area/service area 138 140 157 i53

¢) Actual benefited area/service arca 133 133 119 9%

5. Collection cfficiency

a) Program 72 70 83 76

b) Acwal collectibles/estimated collectibles 44 50 81 32

¢) Actual collectibles/collectibles
based on benefited arca 52 50 86 42

6. Viability index

a) Program 0.97 1.54 120 2,19

b) Actual 0.79 1.22 188 0.99

©) Actual/program (%) 81 79 156 97

7. O&M Cost/ha (P/ha)
a) Expenses/service arca 415 291 275 339
b) Expenses/total benefited area 312 219 231 271

* The cropping intensity.

* The area cultivated in the dry season as percentage of service arca.

Among these variables, the service arca of the systems addresses the question of
economy of scale. The implication is thai larger-size systems or systems with a greater
service area could utilize overhead staff or overhead costs more effectively or spread
the overhead costs over a larger area served. [t is also likely that because of their larger
size, bigger systems may be able to afford a specialist, special service or equipment
for their use.

The size of the landholding, on the other hand, is related to the ability of the
consumer to pay. It is reasoned that the owner of the larger-size farm will enjoy a
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greater agricultural surplus and, therefore, is more likely to be able to afford the
irrigation fees.

Likewise, the average yield per hectare contributes to the income of the farmer. A
farmer with higher yields should be able to earn more, accumulate more surplus, and
accordingly be more willing or at least more able to pay for irrigation fees.

In addition, the percentage of rice crop to other crops also indicates the income level
of the farmers. The farm which grows crops other than rice, such as banana or
sugarcane will be more profitable and the farmer will be willing to pay irrigation fees,
determined essentially on rice yield, that is imposed at a comparatively lower rate.

The cropping intensity is yet another indicator of how effectively irrigation water is
utilized or how available water is. The greater the cropping intensity the greater the
number of users or the area used, and more likely will be the collection of revenue
—although irrigated area and the revenue collected have never been clearly correlated
in many parts of the world. The area cultivated in the dry scason as a percentage of
the total area is a proxy variable for the availability of both rain and irrigated water in
the dry scason. It has been argued that in regions where rain is even throughout the
year the crepping area and also the yield in the dry season will be: higher. In fact, all
these explanations are usually given by system managers when asked why their own
or a particular system performs less than what is expected.

To test these suppositions, these variables are utilized as independent factors in a
regression model which uses the viability index as a dependent variable. None of these
variables are related significantly to the dependent variable. The relationship between
each of these variables and the dependent variable, the viability index, is, surprisingly,
almost zero. Why these factors have no influence on the viability index needs to be
examined. However, a careful look at the nature of the viability index, and also the
general characteristics of these systems will probably give us plausible reasons for this
finding. For instance, certain system characteristics such as size of the systems, the
cropping intensity, and farm size are more or less the same in all the systems except
in the four systems of UPRIIS which are large-size reservoir systems. As the sample
itself is fairly uniform it will be difficult to discriminate between the significance of the
physical factors in systems. In other words, physical factors are controlled or
considered constant to a large extent in the Philippine setting. Systems are all run-of-
the-river small systems, managed by four or five engineers and their assistants, where
more or less very similar crops are grown, and which are subjected to more or less
uniform vagaries of climatic conditions.

It should be noted that the systems performance which we have defined here as a
dependent variable has a very limited scope. In effect, we presume that physical
factors have no influence in the Philippines, that is, performance indicators defined
as the viability index, and the physical factors, are not really related. 1t does not,
however, preclude the fact that physical factors may have influenced the distribution
of water, or the maintenance and sustainability of the system.

It should be realized that the financial performance indicator is based on revenue
collection and expenditure. Achievements in revenue collection could be more a
result of management activity than a result of tie ability to pay. According to a study
by Small, it was found that farmers in most Southeast Asian countries could pay limited
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irrigation fees, or a limited but fairly decent coverage of the actual cost of maintenance.
If it is the case, the question will be whether legislation, conventions, and management
practices could be influencing factors for farmers’ actual payments. Likewise, the
amount of expenditure could be quite independent of any physical factors that have
been mentioned and, therefore, it should be proposed that the viability index be more
a management function than a physically related variable. In consequence, the
influence of physical factors on the index, especially in the casc of uniformly
compurable systems, is minimal. It should not, however, be inferred that the physical
factors are unimportan: in all cases. This only indicates that under certain contingent
or limiting conditions the physical factors may not be significant in relation to certain
aspects of the performance data.

On the other hand, very surprising results are found when financial performance is
related to management variables. These results are found in the organizational
questionnaires answered by the supervisors and members through a set of questions
which relate to how work units are organized. All are related to important aspects of
the ongoing management process within the system management itself. Questions
include such categorics as, “how are the otjectives determined?,” “how are the specific
targets sci?,” “how precisely are objectives determined?,” “how is consensus on the
performance reached?,” and “who influences the decision making?” When these
management questions are related to the financial performance variable, it is found,
surprisingly, that fifteen questions relating to various management variables account
for 89 percent of the variance in a regression model. The slopes representing all these
factors, individually, are also highly significant in statistical terms. This gives us a very
strong indication that management factors are very significant in explaining financial
performance.

If we look at the significant cluster of items, four important variable clusters can be
identified. A number of items are related to clarity, approval, or the consensual aspects
of performance criteria; another group relates to information flow, another set to
incentives, and the last set to conflict and conflict resolution. Clarity and consensus
of performance standards and collective influence on enforcing the rules are influential
in enhancing the viability scores. This is not surprising because in any result-oriented
system, the clear definition of results and the acceptance of criteria are important
preconditions or prerequisites for success. On the other hand, not following through
the chain of command, the acceptance of an independent work flow, and intense
interactions between supervisor and employees, indicate that a more interactive but
less formal management operates in successful systems. It is interesting to note that
the idea of group and consensual decision making is not significant. Nor is the group
process or Japanese type of management significant here. Again, it is also found that
the frequency of occurrence of conflict among members and the need for conflict
resolution by the hierarchy also increase commensurate with more management
activities in the successful systems.

A clearer definition and acceptance of performance, and a more directive leadership
but with high interaction with members of the groups seem to be the criteria of success
when evaluated in terms of financial viability. The high intensity of occurrence of
conflicts and conflict resolution serves to reiterate the highly tense nature of the
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atmosphere under these circumstances, as well as the more direct leadership which
further heighiens these tensions. These are, in fact, characteristics of management in
a high-tension setting in the business world.

This information will contribute to the decision making on what kind of manage-
ment systems are to be prepared to enhance the performance of national irrigation
systems. Our findings indicate quite differently from the usual text book advocacy on
human relation or the permissive type of leadership styles. Here, decisive leadership
coupled with the appropriate intensity of interaction, the ability to sidestep some work
rules in the context of clarity of objectives, are all at work in successful systems,

Our findings are of necessity preliminary as we are using only the single itcm
variables. When single item variables are combined into various meaningful indices
through factor analysis, we still find the same patterns or styles remaining operative
although the significant levels as well as the total amount of variance explained are
reduced. Butunmistakably the same pattern persists. This indicates that performance-
related organizations, cffective management styles, and management process are
unmistakably very important. Any organization which can effect or which can activate
and put into motion this kind of process is likely to be effective.

The comparison between the Provisional Irigation Offices and the National
Irrigation Systems as well as how they differ from Headquarters and how NIA as a
whole operates as a management system are still to be explored. Further results will
be inferpreled in a larger context and especially in relation to the findings from the
other two organizations in Sri Lanka. When all findings from these are compared, a
more comprehensive and definitive picture should appear.

PROBLEMS AND LYSFUNCTIONS CF PERFORMANCE
MEASURES

This research indicates how cffectively systems are organized to achieve the overriding
objectives of financial viability and to explain some of the probable reasons why some
systems perform better than others. This is not the whole story of the management
process. As an organization atiempts to direct all its activitics on a particular or a
narrow sct of objectives, what consequences might follow from neglecting other
objectives, plausible or desirable but obviously not emphasized at the moment, and
what the dy.iunctions of performance measurement in use are, are questions one
might want to raisc.

The questions of adequacy and reliability are never explicitly paid attention 1o,
Tlnare is the irrigation cfficiency index which more or less follows the standard
procedure for calculating water demand and supply. Supply is calculated on the basis
of the amount diverted at the diversion gate and fixed paramecterss such as conveyance
efficiency and distribution cfficiency. Likewise, on the demand side, in calculating the
walter requirements, the numbers of days and arcas under land preparation and under
crop maintenance could be considered as the only operating variables. Other factors
are fixed parameters, precaleulated years ago for the whole region or the whole
country. As, essentially, these are the only variables management can influence, a
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much simpler formulation which can be broadly compared in-between time in the
seasons would be more useful to the system managers than the formula included in
the incentive scheme. Since this system efficiency index forms only ten per cent of
the total score in the bonus calculation, the whole exercise probably serves only as
a ritual. It is most likely that almost every system obtains similar scores in this portion
of the bonus index.

We have seen that the viability is the composite function of income and cost. To
improve the ratio, the manager will be tempted to reduce various costs in the financial
statements. This in itself is a very good idea indeed, leading to the development of
a cost-conscious manager. If so, well and good, the results will be entirely positive.
However, zeal in cutting down costs could also lead to cutting expenditures which,
while improving the ratio, will produce undesirable consequences in the long run. For
instance, cutting off O&M expenditure and postponing visibly postponable but
potentially damaging maintenance programs will have disastrous effects in the long
run. Independent observers complain that the maintenance of systems in the
Philippines needs to be keptup. The trend in O&M expenditure itself, between 1983
and 1989, adjusted for inflation, is actually declining, indicating the seriousnuss of the
problem.

The next question is revenue. Revenue is a function of collection cfiiciency, again
dependent on the irrigation area or benefited area. An improvement in ratio could be
entirely atributed to management efficiency if the absolute arca of irrigated or
benefited area is kept constant. Here again, there is a loophole that the ratio can be
improved by manipulating the collectibles dependant on benefited area. The problem
is already recognized, and attempts have been made to compile detailed parcellary
maps for each system so that irrigable area and bencfited area can easily be identified.
In addition, a limiting feature in the bonus indices is that the cropping intensity and
the collection cfficiency are, in a way, opposite to cach other in their cffect.
Improvement in the cropping intensity will likely lead to the larger benefited or
collectible areas. Consequently, it will demand an improvement in the degree of
collection efficiency on a larger area. In other words, with the increasc in the cropping
arca adversely affecting the collection ratio, the manager has to balance between two
contrary demands to maximize his benefits. Looking at which will give a better
incentive bonus, increasing crop arca or improving the ratio by management methods,
is a question he must decide upon. How the manager actually behaves still needs to
be studied on the basis of records of achievement. It is also possible that since we are
examining ratios, not absolute amounts, the optimal ratio may be found without
substantially improving the physical volume of arca. In effect, with a smaller base and
smaller area initially, a high ratio could be maintained without much real improvement.
These are the hazards of the total reliance on a single set of performance criteria in
this conlext.

One of the more important problems in this type of managementis the sustainability
of the approach in the longer run. This is particularly evidenced in the case of
Provincial Irrigation Offices (P10s). While revenues and expenditures in state-owned
irrigation systems are more or less stable from year to year, the provincial systems’
revenues are very much dependent on the cycle of construction activities. Provincial
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Irrigation Offices receive their revenue on the basis of construction activity as wel! as
from the recovery of cost from farmer organizations for the completed and transferred
Systems. At present, payment includes initial equity payments as well as yearly
amortizations. These are the main sources of funds coming to the Provincial Irrigation
Office. Recentiy, management has also introduced, as an alternative, outright payment
of 30 percent of the cost of the project as equity which will thereafter absolve farmers’
organizations of any responsit‘lity for further payment. The outcome of all these
conditions is that as long as construction activities are going on and new activities are
added, revenue will be high. However, as the cycle of construction aclivity slackens
on the basis of the availability of the funds under different administrative and political
conditions, it will be very difficult to keep the finances of P1Os in balance over the long
haul. In some years there would be a flurry of construction activitics resulting in high
income followed by lean years. It may also be difficult to extract the same quanta of
payments from the farmers in the later stage of repayment as systems become old or
deteriorating. On the other hand, expenditure is more or less fixed because Provincial
Irrigation Offices are construction-oriented organizations with high fixed costs. There
will be a number of engineers responsible for oversceing construction aclivities and
also many other administrative activitics are more or less fixed. In other words, with
the high fixed expenditure, coupled with a highly unstable or variable structure, the
viabilit, of the Provincial Irrigation Office system in the long run is in doubt, so NIA
will have to think through this problem more carefully for future re-organization.

CONCLUSION

Managementiargets are directly and importantly related to the variation of the financial
performance of systems. The management system which typifies successful systems
in the Philippine setting compromises more directive leadership with some flexibility
to go beyond normal rules, backed up by more definite support for objective criteria
and group incentives and processes, with more permissive, human-oriented, or
consensual leadership.



CHAPTER 3

System Turnover to Farmers in the
Philippines

Leonardo S. Gonzales!

IN THE EARLY 1970s, the National Irrigation Administration (NIA) of the Philippines
became scriously concerned about problems of irrigation system operation and
maintenance. Service arcas of s irrigation systems were nol being fully irrigated and
the irrigation fees being collected were far below the operation and mainlenance
(O&M) costs. The phasing out of subsidics for O&M of the national irrigation systems
that NIA administered posed another big problem. NIA realized that it would need
lo organize irrigators' associations capable of effectively carrying out the partial or full
management »f the O&M of irrigation systems.

In 1976, NIA initiated two pilot projects to organize farmers into irrigators’
associations. It hired irrigation community organizers who were college graduates and
experienced in working with the rural and urban poor, able to communicate with
farmers and dedicated to the participalory concept. This was implemented in two
communal irrigation projects, tu maximize the participation of farmers from the grass-
roots level in all underntakings within the irrigators’ associations. These pilot projects
developed the basic processes for inducing farmers’ participation, in spite of some
problems encountered in their implementation.

NEW APPROACH

Having achicved encouraging resulls in communal irrigation projects, NIA wrned
towards national systems and in 1983, a similar approach with a new concept was
piloted and initiated in the Angat nit Argat-Maasim Rivers Irrigation System and the
Porac-Gumain Rivers Irrigation System in Region 3, in the provinces of Bulacan and
Pampanga in Luzon. Entitled the Farmer Irrigator Organizer Program (FIOP), the new
approach requires the utilization of farmers in organizing co-farmers inlo irrigators’
associations.

' Leonardo S. Gonzales, 1IMI's Special Awards recipient in 1990, recorded his successful
experiencesin the Philippines in turning over a punip irrigation systemto a farmers' organization
as a casc study under the guidance and training of 1IMI's Awards Program. This is a summary
of this case study.
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To ensure smooth implementation of the new approach, NIA created the following
teams or groups:

Project Management Team

This tcam was composed of the NIA Regional Irrigation Director as de facto head, the
Manager of the Institutional Development Division as the Project Officer and the Chief
of the Operation Division, the Irrigation Superintendents and the Farmer Irrigator
Organizer Supervisors of the two pilot systems as members. This leam was responsible
for the conduct of the Project Management Team meetings, monitoring and evaluation
of the program and the submission of monthly progress reports.

The Supervisory/Organizing Group

This group was headed by the Irrigation Superintendent (Chief of system) who directly
supervised and coordinated all FIOP and O&M activities of the system, validated
farmers’ demands and conducted coordination meetings at least once a month. Under
him were the following personnel:

* WaterManagement Technologist/Watermaster: Assigned toassist in FIO (Farmer
Irrigator Organizer) identification, assist FIOs in validating the list of farmers and
identification of irrigation system problems.

*  FIO Supervisor (F10S): Directly supervised the FIOs in organizing activities and
prepared monthly progress reports of activities.

*  FarmerIrrigator Organizers (FIOs): Conducted house visits, making contacts and
identifying problems, and created farmer awareness of collective problem-
solving.

The selection of the FIOs was made on the basis of their leadership potential,
availability, age, educational attainment, economic status, etc. Selecting a farmer
organizer that fits all the qualifications set forth was a very difficult task. A farmer may
be gcod in oral communication and be well-respected, but he may not be able to read
and write. Whatever difficulties there were in the FIO selection, the Watermaster was
instructed to choose and submit the names of the best three farmers he knew in each
deployment area,

TRAINING

When all the FIOs were selected, a pre-deployment training was given during May 2-
7,1983, atthe NIA Training Center in San Rafael, Bulacan. The objective of the lraining
was to acquaint and familiarize cach of them with all aspects of organizing work, their
area of deployment and possible problems to be encountered. Trainces were given
parcellary maps showing areas under their jurisdiction, together with the list of farmers
ineach area. Some of the topics discussed during the training were: orientation of the
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FIOP; present status of the system and its operation; decision making; guides and steps
in organizing the irrigators’ association (IA); and farmers’ problems in irrigation and
suggested solutions. The topic on farmers' problems in irrigation and the correspond-
ing solutions produced very lengthy and productive discussions. It was at this point,
that the FIOs realized the importance of farmers’ particip:.tion in the O&M of irrigation
systems.

Having completed the six-day training, the FIOs went to work. The first month of
actual organizing had no results at all. Farmers were always saying that they were fed
up with NIA. Ever since the irrigation system was constructed, they had brought their
problems to NIA which had not taken any action. These problems were then brought
to the attention of the Irrigation Superintendent (IS) during the coordination meeting.
The IS immediately inspected each area of the FIO to investigate and validale farmers’
problems. Knowing their needs, he talked to the farmers abcut a joint undertaking.
The NIA would provide all materials needed and the farmers would provide free labor,
After getting the consensus of the farmers, the Superintiendent facilitaled the delivery
of construction materials or equipment needed, even without having a program of
work and funding support. Seeing the arrival of a NIA truck loaded with construction
materials on the agreed schedule or soon thereafier, the farmers were greatly
motivaled. The FIOs were instant local heroes. The farmers believed in them and saw
that NIA was serious this time. The FIOs then started organizing small groups of farmers
ralled BSM (Buketeng Samahan ng Magpapatubig in the Tagalog dialect, meaning
Farmers' Irrigators’ Groups).

IRRIGATORS’ ASSOCIATION

During a seminar workshop, on October 6, 1983, (five months after the FIO pre-
deployment training) the Bustos Pandi Extension Pump Irrigation System became the
Bustos-Pandi Irrigators’ Association Incorporated, or BUSPAN IA, Inc. The Chairmen
of the 28 BSMs (or FIGs) formed the IA. FIOs attended the seminar. In the workshop,
the bylaws of the association wer : formulated, improved and revised. The 28 BSM
Chairmen were installed as the Board of Directors (3OD)) of the association and from
the BOD, they clected their sets of officers. They created four committees to handle
various activities of the association. Figure 3.1 shows the organizational structure of
the irrigators’ association.
Officers elected from among the 28 BSM chairmen were as follows:
* President: Acts as the head of the IA. He is responsible for all IA business
transactions.
*  Vice-Fresident: Two vice-presidents are elected. The first vice-president is the
chairman of the committee on service while the second vice-president acts as
co-chairman. They are responsible for overall water distribution within the 1A,
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Figure 3.1. Organizational structure at the IA level (upper box) and at the BSM level (lower

box),
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* Secretary: Acts as the chairman of the committee on membership and education.
He is in charge of the follow-up activities for training and application of new
members.

* Auditor: Is the chairman of the commiltee on Audit and Inventory. He is
responsible for checking financial transactions and for all properties acquired by
the Association.

At the BSM level, the same sets of officers are elected with only one vice-president.
Prior to the monthly BOD neeting, a monthly BSM meceting was also held. They
discussed problems affecting their operations and all unresolved issues were raised to
the BOD level for decisions. Once agreement or a decision is made at BOD level, this
is brought down to the BSM level forimplementation. The role of the FIOs has become
advisory as they are permanently installed as the Board of Advisors (BOA). They attend
the monthly BOD meetings and also give guidance and attend meetings at BSM level
when requested to attend.

CHANGES FOLLOWING TURNOVER

Thirteen months after the FIOP was initially launched (out of the projected 30 months
of implementation), in June 1984, the BUSPAN IA Inc. took over full management of
the operation and maintenance of the pump system. Even during the organizing phase
of the project, significant changes occurred. As the LA were given training on system
management, power consumption started to go down (see Figure 3.2).

By teaching simple waler management practices such as the closing of openings
to the rice ficlds when they are already full of water and preventing water going to
drains, the BUSPAN IA was able to save on power consumption. They were able to
save 79,000 kwh from 198310 1984. Even in 1987, due lothe late rainfall, they operated
the pumps in the wet season as though it was a dry season. They were able to save
7,000 kwh, compared with the 1983 consumption.

Another area of significant change was the collection of the irrigation service fee.
The BUSPAN IA, through NIA guidance, had increased the irrigation service fee from
8 cavans of unmilled rice (one cavan = 50 kg) to 10.5 cavans for two cropping seasons
(wet and dry).

As shown in Figure 3.3, the average collection percentage for wet and dry scasons
during NIA management up to 1983 was aboul 50 percent. Starting in 1984, when
BUSPAN 1A Inc. took over the collection, efficiency never went below 90 percent.
They attained a 100 percent collection in 1989 and are trying to maintain it at that level.

There are several other changes worth mentioning. At present, farmers seldom
interfere in the operation of the pumps. If they do, they inform the committee on
service of their needs, so that the committee can make the necessary adjustments.
Almost all farmers in cach sector knew each other. Previously, a dispute could lead
to a heated argument or even a fist fight and loss of life. Today, farmers request each
other to stand as sponsors in the baptisms or weddings of their children. As a result
of their coordination, farmers receive an equal distribution of water, resulting in
increases in individual crop production.
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Figure 3.2. Graph showing power consumption under NIA Management in 1983 and under
BUSPAN IA starting 1084,
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FIOP NATIONWIDE

Following encouraging results from the initial implementation in Angat nit Argat-
Maasim Rivers Irrigation System (AMRIS) the NIA Top Management decided to
implement FIOP nationwide. In mid-1988, a World Bank assisted project, the Irrigation
Operation Support Project (IOSP) was started in all the twelve regional offices of NIA.
It involves the rehabilitation and improvement of all national irrigation systems in the
country. The project includes the accelerated development of irrigators' associations
in all national systems. As a result of this, the entire regional institutional development
staff of Regional Office No. 3, all staff of the AMRIS, all FIO supervisors and officers
of BUSPAN IA Inc. were invited as resource speakers in the training components of
this project. They traveled from Region 3 to Region 2 in Cagayan Province, and as far
as Region 5 in Bicol province in Central Luzon. They even took a plane to Region Ten
in distant Cagayan de Oro in Mindanao to share their experiences. One of the farmer
organizers said that he could not believe what was happening. He never expected in
his entire life that some day he would be able to fly in a plane. Yet it happened.

There was a great deal of apprehension among the Board of Directors of the IA
during the final discussions prior to the signing of the turnover agreement. They were
unsure whether they could efficiently manage the operations of the pump system,
There were so many questions of “how” and *if” from the farmers. However, the NIA
managed o convince them that it would always support and guide them in their
operation, emphasizing the need for their participation. In the end, the farmers agreed
to take over the pump operation for a one-year trial period, from the wet season
cropping of 1984 to the dry season cropping of 1985. By the end of the wet season
cropping of 1984, they realized that they had reduced the power coasumption and
increased the collection to produce a surplus income of one hundred thousand pesos.
The rest is history.
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Management Training through Special Awards

Zenete Peixoto Franca

BACKGROUND

IN THE COURSE of its work on promoting and disseminating improved
irrigation management practices, 1IMI has recognized the existence of
field practitioners who take risks to develop and test management
techniques which produce successful results, but which are not dissemi-
nated to the irrigation audicnce either because of the lack of opportu-
nitics and/or abilitics to record their experiences, or because of a lack
of support, interest and even recognition on the part of the agencies for
which they work.

IIMI has thercfore created the Special Awards Program, a dircct
training method that provides opportunitics for irrigation professionals
who have developed successful innovative approaches to irrigation
management problems (o pass on their experiences 1o others by
documenting and publishing them as case studics.

This program provides participants with an opportunity to spend
between two and four months at [IMI headquarters or at one of its field
locations, and to record their experiences under the guidance of Institute
staff, who assist participants in formulating their ideas and approaches.
IIMI provides awardeces not only with allowances to cover their expenses
but with substantial assistance in developing their field-level experi-
ences into casc studics,

By 1989, 1IMI had provided three such awards to irrigation managers
from Sri Lanka and the Philippines. Their experiences have covered
organizing irrigators’ associations to improve system operation and
maintenance, farmer participation in the rehabilitation of a small system,
and promoting coordination between farmers and agency officials in
irrigation system management. As part of the Special Awards Program,
in 1990, anirrigation professional was selected and invited to write a case
study on his successful experience in the Philippines in turning over of
a pump irrigation system 1o a farmer's organization. [IMI has found the
Special Awards Program to be very useful in exposing real problems in
irrigation management and the processes by which responses to these
situations arc developed. ‘The case studies enable 1IMI both to learn
about innovations that do not result from its own research efforts and (¢
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disseminate them — a function envisaged within the Institute's mandate.
IIMI is interested in expanding this program and with it the base of
information on management innovations tested in the ficld.

SPECIAL AWARDS AS A MEANS OF PROFESSIONAL DEVELOPMENT

The Special Awards Program provides an clement of training in assisting
irrigation managers to develop themselves professionally. The program
recipients are usually irrigation practitioners who are mainly field-oriented
professionals without opportunitics to diversify the development of their
knowledge and skills in different arcas of concern.

IIMI's program contributes greatly to the professional development of
the recipients of Special Awards, providing them with considerable input
from its international staff. In particular, international rescarch staff spend
time helping the awardees to develop ideas into instructive case studics,
and work with the awardees in reflecting on their experiences. Since the
recipients are field practitioners and rarely have a research background,
IIMI scientists provide them with assistance in analysis and presentation.
Editorial staff help to develop the awardecs' skills in the writing and
production of the case studies. Computing support is also provided.

The literature on adult learning reflects a general agreement that adults
learn from their own experiences. Consequently, they tend to place great
value on assistance from others when this facilitates their understanding
and provides them with opportunities for new insights.

IIMI's Special Awards Program is designed and implementedto provide
[carmng opportunitics to the awardees. They are invited and assisted to:

Review their concrete experience.

*  Develop a reflective observation through analyzing the experience,
probing the issues and problems, and postulating causes.

* Develop an abstract conceptualization by verbalizing concepts and
principles while developing a generalized framework for tackling
the issucs and problems.

* Improve their future professional practice, by applying the insights
gained through analyzing and presenting the case study.

The approaches applied in the Special Awards Program are firmly

rooted in accepted adult learning processes, and aim to provide awardees
with a vital resource for their self-development.

MANAGING THE SPECIAL AWARDS PROGRAM AT [IMI

The Institute’s Training Unit coordinates and supervises the administration
of the Special Awards Program in consyltation with IIMI staff involved in
providing support to the award recipients. Draft administrative proce-
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dures for the program have been presented to IIMI's international staff for
analysis and comment. [IMI's Management Committee discusses and
approves them after revision by the Training Unit to incorporate
suggestions from IIMI staff. The procedures aim to establish criteria of
application, selection and the placement of awardees, and to emphasize
the necessary steps for program planning (orientation), implementation
(supervision) and evaluation, including follow-up and post-evaluation
phases.

PROGRAM PUBLICITY

The Institute publicizes the awards through various media, including
newsletters and irrigation-related publications, and by notifying irrigation
institutions about the availability of awards.

APPLICATION AND SELECTION

Applications are sent either to IIMI's field offices or to headquarters, and
they include a summary of the experience the applicant proposes to write
up under the special award.  The candidates that 1IMI attract to this
program are professionals who typically work in irrigation, agriculture or
other relevant departments within national agencies, and who have had
considerable field experience in enhancing system performance. Awards
are granted on the basis of the following criteria:

* Demonstrated professional competence.

* Experience in planning and implementing innovative system

management approaches.

* Presentation of a valid proposal describing the expected results of

the study in terms of improved irrigation management practices.

* Potential for publishing an instructive case study.

* Interest of an IIMI staff member to offer substantive assistance in

writing the casc study.

°*  Willingness to participate in [IMI's training program when neces-

sary.

A Selection Advisory Group comprising a Training Specialist and
international staff at headquarters and at field offices is established to
review applications The final selection of awardees and decisions on
their placements are made by the Training Unit after consultation with this
group. The selection is presented to IIMI's Management Committee in the
form of clear recommendations for its approval.
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OUTPUTS OF THE SPECIAL AWARDS PROGRAM

The main output of the Special Awards Program is published case
studies documenting the innovalive management practices imple-
mented by the awardees. These studies are distributed to a wide
audience, including dissemination through seminars and workshops,
and are also used to develop ‘raining materials.

Through the case studies, innovations developed in real situations by
irrigation professionals are made accessible to other managers and
researchers concerned with irrigation management, ecnabling their
insights and approaches to be shared within the international community
of irrigation professionals. The awardecs are also invited to participate
in 1IMI's training programs as trainers, to share, analyze and discuss their
case studies, giving concrete examples and details of problems faced
and solutions attempted.

EVALUATION OF THE SPECIAL AWARDS PROGRAM

IIMI is developing a procedure for ongoing evzluation while the
awardees are wriling the case studies, as well as a post-evaluation
exercise, in order to provide feedback and to assess the effectiveness of
the Special Awards Program. The training stafl contacts irrigation
institutions to ascertain the use and influence of the studies in changing
procedures and management behavior. Training agencies are also
asked to evaluate the usefulness of the case studies as training materials.
The effectiveness of individual awardees is assessed through their
participation as trainers in [IMI's training programs.

Based upon the results of this assessment, [IMI reviews and iinproves
the implementation of the program, particularly withrespecttoillustrating
management innovations and the professional development of the
awardees.
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CHAPTER 4

A Comparative Study of Farmer-Managed
Systems in Northern Pakistan

Jacob W. Kijne

INTRODUCTION

IN 1986, A World Bank evaluation mission recommended that the Aga Khan Rural
Support Programme (AKRSP) should study the potential for distributing available
water more efficiently throughout the new small-scale irrigation systems that have
heen developed with AKRSP assistance throughout the Northern Areas of Pakistan.
The mission also urged that Northern Area farmers be assisted in adopting methods
1o minimize water losses and system maintenance requirements. Subsequently, IIMI
Pakistan was asked by AKRSP to carry out research on these issues, with the overall
objeclive of determining the actual performance parameters of such newly established
farmer-managed irrigation systems (FMIS). In collaboration with AKRSP, and
supported by funding from the Aga Khan Foundation (AKF), IIMI Pakistan imple-
mented a six-month comparative study of a small number of farmer-managed irrigation
systems in the Gojal region of Hunza, Gilgit District, Northern Areas. This paper
reviews the principal findings of the study, a preliminary report of which was submitted
to AKF, Pakistan, on 1 September, 1989.

OBJECTIVES AND DESIGN

The primary objective of this research project was to determine a range of irrigation
efficiencies of small-scale mountain irrigation systems in northern Pakistan. Reliable
data on actual physical performance parameters of such systems were virtually absent,
and this research sought to provide significant knowledge about an irrigation system
commanding some 400,000 ha of the national irrigation environment.

HIMI was also interested in initiating studies of FMIS in Pakistan to expand the
geographical scope of its management research activities focusing on the special
problems of delivering support services to the farmer-managed sector. Data and
information on the performance of small-scale irrigation systems in northern Pakistan
would facilitate comparative analyses of similar systems elsewhere in the trans-
Himalaya region including Nepal, where I1IMI research on FMIS has already resulted
in significant changes in national irrigation policy and programs.
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A secondary objective of the project was to determine the suitability of well-
established, practical field research techniques and methodologies for measuring the
actual physical performance of small-scale irrigation systems in mountain environ-
ments, where conditions of climate, soils, slope and aspect are highly variable and
often extreme. No new technologies were developed or tested.

While developing the research design, it was recognized that there were two broad
categories of small-scale irrigation systems in the Karakorum Mountains of northern
Pakistan: (1) long-established systems which could be assumed to be essentially stable
or mature, and (2) systems newly constructed or expanded in the past 5 years, with
AKRSP assistance, which were in the process of stabilizing. 1t was initially thought that
it would be necessary to carry out comparative analyses of a sample of paired systems
from each category if the key issues of concern to AKRSP — opportunitics for
enhancing water distribution efficiency, water loss minimization, and improved system
maintenance processes — were to be effectively examined in newly established or
improved FMIS.

Limited resources and time, however, restricted the research to a single, relatively
accessible area of Gilgit District. Following a rapid field reconnaissance in Hunza-
Gojal, six small-scale irrigation systems were selected for study. In each of the three
Gojal villages, one AKRSP-assisted system was paired with an older, well-established
FMIS.® Following initial ficld surveying and mapping, the irrigation operations (water
conveyance, distribution and field application) and maintenance aclivities were
systematically observed and measured in cach of the six systems. ‘The data obtained
form the primary basis for the rescarch results are reported here.

Finally, it should be noted that although the narrow focus of this research was on
efficiency irrigation issues, it is understood and acknowledged that FMIS frequently
have multiple objectives. Their logic, therefore, may or may not emphasize the
efficient use of water in strict engineering terms, and an evaluation of their operational
performance solely by such strict criteria may well be both inappropriate and
undesirable. Nevertheless, as Coward and Levine (1989) have pointed out, much
recent rescarch on FMIS has been so heavily social science-oriented that the equally
important engineering dimensions of FMIS have been under-emphasized.  This
research makes a modest cffort to redress that imbalance. It also represents only an
initial component in a larger effort to compare FMIS performance over both physical
and social paramecters for a wider area of northern Pakistan.

* Field observations and measurements for cach system were done over a 5-month period
by a tcam comprising two IIMI Pakistan ficld professionals (an irrigation engincer and a
hydrologis), two 1IMI Pakistan junior rescarch associates (both engincers) and two AKRSP
engineers, under the general guidance and supervision of two IIMI Pakistan international staff,
In the course of the study, advice was obtained from the Soil Survey Institute of Pakistan. Soil
samples were analyzed by the Soil Fertility Survey and Soil Testing Institute, Punjab, and the
soils laboratory of the Center of Excellence in Water Resources Engineering, Lahore.
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PROJECT AREA

Physical Environment

The Karakoram region of northern Pakistan falls under a partial rain shadow and does
not receive the monsoon rains. Summer storms occasionally visit the area, but in
general it is arid (annual rainfall is about 125 mm) and agriculture depends on
irrigation. (This is distinctly different from much of Nepal Himalaya where FMIS
studied were in areas which receive hieavy monsoon rains [up to 2,000 mmj and rice
is grown.) In most cases, irrigation channels are fed by glacial sources and snow melt.
The irrigation systems are small-scale, traditionally farmer-designed, constructed and
managed using indigenous technology and techniques. Glacial melt is tapped and
carried as far as 10 km through old channels or recently constructed ones, across
precarious slopes to alluvial fans and river terraces which constitute most of the arable
land. Where channels cross almost vertical rock faces, a passage is carved out or blasted
along the rock wall. In Hunza, channels ofien take the temporary form of tunnels when
they traverse scree slopes.

The local climate in Hunza-Gojal varies considerably with altitude, aspect and slope,
and with shading caused by surrounding mountains. These same effects govern the
rate of snow and glacial melt and therefore discharges of the mountain streams, which
arc highly variable and differ on cloudy and clcar days during the growing season. Low
humidity and intense solar radiation are augmented by strong winds, creating a
desiccating envircnment for crop production. Reliable data on potential
evapotranspiration are few (e.g., Butz and Hewitt 1985). Evidence of wind erosion is
clearly visible and removal of seeds by the wind has been reported in the area.

Agriculture

The Gojal region comprises the upper portion of the Hunza River valley beginning
about 2,500 m above sea level. It is predominantly a single crop areca where all annual
crops are spring sown and experience a relatively short growing season. The rate of
ripening is strongly influenced by temperatures and cloudiness at the end of the
season. Closc te the border with Hunza proper, the growing period is slightly longer
and both sowing and harvesting dales are somewhat more flexible. Crops grown for
both market and houschold consumption include wheat, barley, potatoes and pulses;
fodder, vegetables and fruit are primarily produced for local consumption. Each
village also has a sizeable area of adjacent irrigated “waste” land which is usually
divided among resident houscholds and is used for the production of firewood (e.g.,
Hippophae sp., Salix and Poplar) as well as for grazing and fodder for livestock,
especially during the winter months,
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Solils

The soils in Hunza-Gcjal are immature soils. The parent material in the valley floor is
present as river terraces, alluvial fans, glacial moraines or mud flows. Soil formation is
largely due to the deposition of silt carried by the irrigation water. The top soil is cariched
gradually with thesc fine materials, and the water holding capacity of the top few inches
of the profile improves, whilst leaving the subsoil unchanged. Some scree have well
graded young soils which are cultivated, if the slope permits, with alfalfa and forage
trees.

The agricultural soils are characterized by shallow profiles (maximum of 0.6 m), by
low water holding capacity (at mest, 12 percent volume, which is often reduced further
by the presence of rocks and boulders buried in the soil), by low inherent fertility and
by alkalinity (pH in excess of 7.8). Again, this is different from Nepal, where the soils
of the study areas contain mainly clay and silt, and are found on well-drained, deep river
terraces. Soils here, however, show a large degree of spatial variability, duc in part to
ditterences in parent material over short distances. Inherent variability in soil depth has
been enhanced by the formation of horizontal terraces on a naturally sloping terrain.

Compaction and crust formation are common, caused by free wandering of livestock
after harvest and — during carly irrigations — by the farmers walking through ficlds,
or directly by the flow of water, weeding and thinning,

In most of the villages of Gojal, plowing is done by tractors, except on inaccessible
steep and terraced ficlds where it is done by the traditional plow, pulled by a bullock.
These plows penetrate no deeper than 15 cm and do not turn the soil over, and therefore,
farm-yard manure applied is not buried properly. In one of the sample arecas, the new
Khaiber arca (Figure 4.1), cultivation is done by hand tools, since the suspension bridge
cannot be crossed by bullocks or tractors.

Availability of Labor

Shortage of farm labor is one of the major factors affecting crop husbandry in both otd
and newly develeped areas of Gojal. The majority of the young men are working
outside the arca. The growing season coincides with ihe tourist season, and in the
more “touristic” villages (c.g., Passu) young farmers work as porters or guides and
some run ticir own inns and hotels. To relate the labor shortage to the tourist industry
may rot be valid for the whole of Hunza-Gojal, but summer is also the seasoa for
building houses and repairing animal sheds and houses. Some people accompany
livestock to the summer pastures.

Often, women irrigate the ficlds but they have to do so between household chores
and while attending to the needs of their children. Mcicover, the tasks of growing
vegetables and collecting firewood also fall to the v.omen. It is hardly surprising,
therefore, that irrigation in the older areas near the villages is often done with a
minimum of physical attenidance in the ficlds. This is not the case in the newly
developed areas, which are far away from the villages and where irrigation is not so
casily interrupted by other activities.
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Figure 4.1. vap of Hunza-Gojal, Gilgit District.
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Sample Irrigation Systems

Six irrigation channels were selected in Hunza-Gojal for a detailed study of operation
and maintenance. Three of these are old channels and three are newly constructed
with AKRSP support. The selected systems are located in the villages of Passu, Khaiber,
and Soust (Figure 4.1). Each of these villages has an old and a new irrigation system.

In general, three types of channels can be distinguished in each system: the
approach channel, supply channel, and the distribution channels. The first two,
approach and supply channels, constitute the conveyance part of the irrigation system
but not all systems hav= both types of channels. The approach channel is defined as
that part of the channel which lies between the intake and the last regulator or escape
structure through which water can be made 10 escape back to the mountain stream
(nullah) from which the water has been diveried. The supply channel has no escapes
and conveys the water from the approach channel to the network of distribution
channels. Data on lengths and slopes of the different sections »f the systems are listed
in Table 4.1.

Table 4.1. Systems characleristics.

Old systems New systems
Passu Khaiber Soust Passu Haiber Soust
Irrigated
arca (ha) 14.5 18 16 14 12 17.5
Maximum Q,
(1/sec) 85 145 170 i 170 115 85
Approach channel:
lengtls (m) 600 300 120 800
Slope 0.014 0.025 0.004
Supply channel:
length (m) 250 90 3500 2100 950
slope 0.014 0.01 0.002 0.004 0.001
Distribution
channel:
length (m) 4600 1200 650 2600 650 1800
slope ! 0.004 0.053 0.06 0.011 0.001 0.009-
| 0.030

In all sample systems, the intake structure consists of some type of diverting wall
built in the nullah from readily available stone and rock (or in the case of the new
system in Khaiber, built in the Hunza River itself). Sometimes there are two diverting
walls and two intakes, one each for low and high discharges in the mouutain stream.
Itis usually necessary to rebuild the structure each spring, as it is washed away during
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high floods each year, Flow regulation takes place by moving rocks in the nullah near
the intake and/or by regulation of the escapes along the approach channel.

The bed material of the approach and supply channels consists of rock and stones
in the old systems, and of silt in the new systems. The silt has been deposited in a
relatively short time due to the much smaller slopes of the channels in the new systems
(Table 4.1).

Water shortages exist in both systems in Soust during early spring, and also later in
the season depending on the weather. The channels in Soust take water from a nullah
that is fed by snow melt. The rate of snow melt is highly affected by temperature and
cloud cover. This has necessitated the introduction of a rotation between two channels
that obtain their water from the same nullah, one feeding the old system in Soust and
the other the old system in Nazimabad, on the left bank of the nullah. The new system
in Soust is initially excluded from the rotation because farmers prefer to start with their
fields near the village (Old SousD); farming begins later in New Soust. However, oncz
fields have been prepared there, the new channel receives water continuously.
Rotations between fields take place throughout the season in both New and Old Soust
and also during carly spring in Old Khaiber.

A night reservoir is operated in the old system in Soust, but only during April and
May. Up tosix farmers can be supplied with water siored during the previous night;
it has a capacity of about 340 cu.m.

In the old system in Khaiber and the new system in Passu, chowkidars (watchmen)
are employed. In Khaiber the chowkidar is appointed by a sub-village and he patrols
the channel, carrics out repairs, cleans the desiltation tank, regulates the flow at the
intake, opens the channel at 4 a.m. and closes it at 5 p.m.

Four chcwkidars are employed in the New Passu system. They regulate the flow
at the intake and patrol the channel four or five times a day. The cffect of regulation
canbeseenin Figure 4.2, where the discharge at the intake of the channel of New Passu
during the day has been plotied for a number of sunny days in July. Only by regulation
can the flow be maintained at a near steady and safe level throughout the day, paying
due consideration to the stability of the channel embankments. Other tasks of the
chowkidars include the irrigation of forested areas, usually at night, and some
maintenance.

In addition to irrigation, the waler in the old systems is also used for domestic
purposes and sometimes for the running of flour iills. Another important use of
irrigation walter in the new systems at Khaiber and Soust is in soil formation by ponding
the water and depositing the silt load in shallow recessions.

The old channels are quite stable, in spite of their steep slopes, and require little
maintenance. Numerous rocks and boulders act as natural drop structures. Mainte-
nance of the distribution system is left to the individual farmer.
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Figure 4.2. Flow regulation at the intake of the new channel at Passu.
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Collective maintenance usually takes place in the new systems once a year, at the
start of the season. Itincludes desiltation: of the channels and is arranged by the village
organization, set up by AKRSP, which also organizes emergency maintenance when
required. All farmers are expected to participate or compensate in kind or pay a fine.

METHODOLOGY

Conveyance Losses

Conveyance efficiency has been defincd as the flow delivered at a point downstream
as a percentage of the flow at an upstream location. Operational losses should not
occur between the two measuring points and the observed decrease in discharge
between the two points can then be ascribed to percolation and seepage losses.

In the systems studied, it was nci always possible to decide whether or not losses
due to overtopping and leakage were intentional (sanctioned or tolerated), as the
water would often serve some purpose in the irrigation of trees or grasses. The
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terminology as proposed by Bos and Nugteren (1974) for the determination of
efficiencies in different sections of irrigation systems therefore cannot strictly be
applied to the systems in Hunza.

To account for small outflows occurring in the section over which the conveyance
losses are to be determined, conveyance efficiency has been calculated according to:

dl
Q2 +[;, + d2 Qoul

E, = 1
d2
Ql - El + d2 Qout

where Ec is the efficiency in percent, Q, the measured discharge at the upstream
location, Q, the measured discharge at the downstream location, Q,,. the measured or
estimated (small) outflow b~tween the measuring points, d, and d, the distances to
point 1 and point 2, respec. wiy. A similar approach could be followed for a small
accidental inflow within the measuring reach.

The distance between the measuring points was made as long as possible to improve
the reliability of the observed difference between the two measured discharges and
to obtain a representative figure.

No conveyance losses were determined in the approach channels, as losses
occurring in these sections are part of flow regulation. For Old Passu, no conveyance
efficiency could be calculated, as there is no supply channel (Table 4.1).

Distribution efficiency was calculated using an equation similar to (1), taking
measuring points in the distribution channels. All flow measurements were carried out
by the velocity-area method, in which the velocity was determined with a small current
meter. It can be assumed that seepage losses? from conveyance channels are linearly
related (- discharge, according to the following relationship:

q= kQ @
where Qis equal tothe discharge in the channel, q the rate of change of Q with distance
along the channel (-dQ/dx) and k is a secpage factor. This assumption is at best an
approximation, as has been shown by Wachyan and Rushton (1987), but it permits
easy comparison of losses between different channels through comparison of their k-
values,

The coefficient k can be calculated by integrating (2) between the limits of Q1 and
Q2, which are measured at the two ends of the reach, a distance X apart, as follows:

= - (1/X).(n Q2/Q1) 6))
Conveyance losses per unit length of ~hannel per unit cross section are found by

dividing the product of k and Q by a characteristic value of the wetted perimeter.
Changing the time units from seconds, as in the values of Q, to days gives the losses

00 ¢))

! This, of course, is not true for “intentional” losses such as overtopping.
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in units of  per day as is commonly done (e.g., sce Lauritzen and Terrell, 1967),
thereby inferring that the losses are a function of the wetted perimeter of the canal.

Application Losses

Application efficiency is a sensitive measure of the degree to which water that has been
applied to the ficld becomes beneficial to crop growth by being stored in the rootzone
for uptake by plant roots. Application efficiency can be expressed as the ratio of the
amount of water stored in the rootzone and the amount applied to the field:

D.(FC - PWP).(1 - PAW/100)
Ea = 100 “@
V/A

where Ea is the application efficiency in percent, D the depth of rootzone, FC is field
capacity (moisture content reached presumably a few days after irrigation), PWP is
permanent wilting point (moisture content in the soil when plants wilt permanently,
presumably the lower limit of the storage capacity of soil for water), PAW is the
percentage of actually available water in the soil, and V is the volume of waler applied
10 a field of size A.

This concept of efficiency is based on the assumption that free drainage occurs and
that whatever water is applied to the soil that cannot be stored in the rootzone, drains
outof the profile. The amount of water in the rootzone cannot therefore be more than
what is in agreement with field capacity for any length of time, and whatever is stored
is available for evapotranspiration. This concept has been severely criticized in recent
ycars (e.g., Hanks and Ashcroft 1980) but is still uscful as a basis for efficiency
determirations at field level.

An aliernative definition of application efficiency relates the depth of water applied
to the field with the amount of water used by evapotranspiralion during the irrigation
interval, as follows:

Epot.Fc.Fge.Fae.l
Ea = 100 ®
V/A

where Epot is the potential evapotranspiration, Fc is a crop coefficient depending on
type of crop and period within the growing scason, Fgc is a cocefficient that depends
on ground cover (especially important with crops that do not provide a complete
ground cover, ¢.8., potatoes and tree crops) Fac is a cocefficient which expresses the
effect of advective energy not accounted for in the Epot term, s the irrigation interval,
and V and A are volume and area as defined before.

In this study, both approaches (equations 4and 5) have been followed. Sample fields
with wheat, barley and potatoes were selected, as far as possible, in the head, middle
and tail reaches of distribution channels in the irrigation systems studied. In New
Khaiber, agriculral production has hardly started yet, so sample fields with these
three crops could not be found for all systems.
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Depth of soil profile was determined by augering. Soil samples were analyzed in
the labaratories of the Soil Fertility Survey and Soil T'esting Institute and the Centre of
Excellence of Rescarch in Warer Resources, both at Lahore. From these analyses an
(incomplete) characizrization of the soils was obtained, which allowed an estimate of
the values of FC arnd PWP to be made. Moisture contents in the soil profile were
assesscd by the USDA field method, in which the interval of 25 percent available
moisture were divided into two intervals of 12.5 percent.

The depth of the rootzone was determined by removing a few wheat or barley
plants, or by opening up a ridge in case of potatoes. A reasonable estimate of the
effective root depth could thus be made, and the values obtained were checked against
values reported in the literature (FAO Irrigation and Drainage Papers 24, 33 and 36).

The discharge in ficld channels was usually measured with a RBC-flume (with a
capacity of 8.81/s) and in some cases by floats. Irequent measurements were required
when the discharge in the distribution channel varied during the course of an irrigation
that was being monitored.

Infiltration opportunity times, i.c., the time lapse between initial wetling and the
disappearance of water from the surface, were measured at sites marked with stakes
in the field or in segments of zig-zag furrows in the case of potatoes. In mature grain
ficlds, where it was impossible to place the stakes, infiltration opportunity times were
recorded for patches in the field which could be identified by different means.

The degree of leveling of the field was recorded on a scale from 110 5. The irrigator’s
presence was similarly recorded, as was his or her intervention in the process of
irrigation.  Irrigation intervals were ascertained from farmer interviews and field
obscrvations.

Potential evapotranspiration rates were derived from (limited) values in the literature
(Butz and IHewitt, 1985), combined with values from evaporation pans placed at New
Passu and Old Soust to which a conversion factor was applied. Values of the crop
coefficient, the ground cover cocfficient and the advective energy factor were
estimated from literature sources (FAO Ilandbooks referred 1o above) and through
“common sense.”

The method of propagation of errors has been used to ry to determine which of the
two approaches for calculating the application efficiency is likely to be more reliable
under the circumstances of the field work in [Hunza-Gojal. However, the available data
arc insufficient for a rigorous statistical analysis thal would have provided a sound basis
for choice.

It was concluded that both methods have their merits, depending on the circum-
stances. For example, carly in the scason the cfficiencies oblained from equation (4)
may be more reliable than those from (5).

FINDINGS

The number of irrigations ar.d the total amount of irrigation water applied during the
measuring period are listed in Table 4.2 for wheal, barley and polatoes. The average
soil depth is przsented in the same table. Soils are shallow, and many small irrigations
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are given. The average number of irrigations is the same for grains and potatoes, but
the average amount applied per irrigation turn is significantly less for the potato fields,
There are no significant differences, in number of irrigations and amounts applied,
between old and new schemes.

Values of the scepage factor k and of conveyance efficiencies for supply and
distribution channels are listed in Table 4.3. Variability amongst the measurements is
high, probably resulting from the difficulty of measuring flow velocities in fast flowing
channels with a current meter. Statistically, therefore, only the low value of k for
conveyance losses in the New Passu channel differs significantly from the other values.
Losses in distribution channels exceed those in supply channels.

Table 4.2. Average values of irrigation parameters.

Wheat and Barley Polatoes

Soil | Number | Depth Total Number | Depth Total

depth | of turns | applied | application|| of tums |applied |application

(cm) (cm) (cm) (cm) (cm)
old
Passu 48 14 5.8 81 13 25 33
Khaiber 25 16 6.1 98 12 33 10
Soust 61 14 7.1 99 14 2.3 32
Average 45 15 6.3 95 13 2.7 35
New
Passu 10 19 4.6 87 24 1.8 43
Khaiber 23
Soust 18 16 4.3 69 15 5.1 77
Average 17 18 4.5 81 20 3.1 62
Average
of all 31 16 5.5 88 16 29 46

In Table 4.4, the average values of application efficiencies and other parameters are
listed for wheat and barley fields. The Epaw values refer to efficiency values calculated
from the amounts of water stored in the rootzone (equation 4) and Ecu values were
calculated from cvapotranspiration data (equation 5). These two sets of data differ by
an order of magnitude. The nonuniformity values are equal to the relative standard
deviations of the infiltration opportunity times (i.e., their standard deviation divided
by the mean value).

Differences between the mean values for old and new systems are significant for the
length of the ficlds, flow at field inlets, degree of farmer intervention and available
waler in the rootzone at the time of irrigation.

A similar set of data is also included in Table 4.4 for potato fields. Here, the mean
values for old and new sysiems do not differ significantly.
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Table 4.3. Seepage factor, k of conveyance and distribution channels (mean values per

system,).
Conveyance Distribt*ion
units ( x 0.0001 m™) units ( x 0.0001 %)

old

Passu 5.8
Khaiber 2.8

Soust 5.8
New

Passu 0.4 1.7
Khaiber 0.9

Soust 5.3 5.5
Mean Value 2.6 4.5

Table 4.4. Average values of application efficiencies and other parameters.

Wheat and Barley Potatoes
Old New All old New All
Epaw (%) 7 15 11 12 8 10
Ecu (%) 54 71 63 54 45 50
Non-uniformity 44 44 44 43 46 44
Length (m) 25 14 20 34 61 44
Flow (1/sec) 7.5 4.2 5.7 2.5 33 2.8
Farmer intervention 2.5 3.6 3.1 3.6 2.4 3.1
PAW at irrigation (96) 0 38 54 51 47 50

Notes: Ecu is application efficiency from (5)

Length is length of ficld or furrow

Flow is flow at ficld inlet

PAW is percent available water in rootzone at time of irrigation

DISCUSSION

The amount of water applied to potato fields (average value of 46 cm during the
measuring period, Table 4.2) scems low compared with an expected seasonal crop
water requirement of some 50 cm. Potatoes were planted around the middle of May
and harvest was cxpected to take place around 15 September. At the end of the
measuring period, 1 August, some five more weceks of irrigation were to follow, which
means an additional 30 cm of irrigation, given an average irrigation interval of 4 days
(the most common value) and an average application of 2.9 cm. Nevertheless, 76 cm
seasonal application and average application efficiency for potato fields of 54 percent
(Ecu value in Table 4.4), give a consumptive use of only 41 cm.
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No such discrepancy exists with the wheat and barley data. The grains were sown
earlier and were closer to harvest at the end of the measuring period. Morcover, an
average of 88 cm of water had already been applicd. With an expected seasonal
irrigation requircment of about 55 cm, and application efficicncy of 63 percent (Ecu
value in Table 4.4), the scasonal requircment had been already applied.

From these comments it is also apparent that the Ecu values are more likely to be
of the correct order of magnitude than are the Epaw values in Table 4.4. It has been
observed in the field that the soil profiles are shallow (Table 4.2) and the rootzone is
often underlain by an impermeable layer of rocks and pebbles.  Under these
circumslances, the assumptions inherent in the derivation of equation 4 do not apply:
free drainage from the rootzone is obstructed, and water applied 1o the soil in excess
of ficld capacity remains available for uptake by roots during the irrigation interval.
Applicationefficiencies that have been calculated assuming that waler is only available
between field capacity and permanent wilting point clearly underestimate the real
uplake of water by plant roots.

Differences in irrigation practice between old and new systems are significant in
wheat and barley fields, but not in potato ficlds. The lengths of the fields, the flow
at field inlets and the amount of water present in the soil profile at ime of irrigation
were all lower for grain ficlds in the new systems than in the old systems. Onc would
expect that these factors combined with a higher degree of farmer intervention, would
lead to higher values of application efficiencies in the new systems. The average values
of both efficicncy j.arameters clearly show this difference, but because of the high
standard deviations of the cfficiency values, these differences are not statistically
significant.

‘The dependence of application efficicncy (Ecu) on the other parameters listed in
Table 4.4, has been investigated.

Figure 4.3 shows the relation between efficiency and the flow a field inlet for potato
ficlds. Efficiency clearly decreases with an increasc in discharge available to the farmer
at his ficld inlet. It should be noted that the largest flow is only 5.6 I/s. The correlation
between the two parameters of Figure 4.3 is significant at a 0.01 probability level. A
similar decrease in efficiency with flow at the field inlet is apparent in grain ficlds.

In Figure 4.4, efficiency is plotted against degree of farmer intervention for all wheat
and barley ficlds. It is interesting to observe that high efficiencies are possible
regardless of the degree of farmer intervention. There appears to be an indication that
farmer’s intervention in irrigation has an optimum. The same tendency exists when
efficiency data are plotted against farmer intervention for potato fields. For smaller sets
of data, a clear improvement in efficiency may be found with an increase in farmer
intervention (Figure 4.5, for potatocs in the new aicas).

Anincrease in nonuniformity, i.c., the vaiiabihty in infiltration opportunity times in
the field, is expected to lead 1o a decrease in application efficiency. ‘This has been
obscrved, and it is particularly apparent when the PAW-cfficiency is plotied as
dependent variable, as in Figure 4.6, Low cfficiencies may occur at low values of
nonuniforinity — obviously resulting from other effects — but high efficiency does not
occur when the nonuniformity is high. This points to the importance of the leveling
of ficlds to attain more uniform application of walter.
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Figure 4.3. Application efficiency (%) as function of flow at field inlet for potato fields.
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Figure 4.4. Application efficiency (%) as a function of degree of farmer intervention for all
wheat and barley fields.
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Figure 4.5. Application efficiency (%) as a function of farmer intervention for potato fields
' the new systems.
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Conveyance efficiencies are listed in Table 4.3. It is not meaningful to calculate
distribution efficiencies for the network of distribution channels unless the total length
of distribution channels flowing at any time is taken into consideration. When
conveyance losses are expressed as seepage loss per unil area, a value of about 0.2
m/day is obtained for the supply channel in New Passy; the other channels have a loss
of about 1 m/day. These values are in reasonable agreement with data reported in the
literature. For example, Wachyan and Rushton, 1987, gave values for unlined large
distributaries in southern India of about 0.2 m/day. Values of 0.45-0.6 m/day for
pervious soils and of 0.75-1 m/day for gravel have been reported (Worstell 1976). Most
of the conveyance channels in the sample systems traverse gravel, whereas the supply
channel of New Passu is well-sealed because of silt deposits.

CONCLUSIONS AND RECOMMENDATIONS

The large variations in present application efficiencies indicate that improvements
could be made. One expects that a more precise control of water at the field inlet,
better leveling of the fields, and appropriate intervention by the irrigator during the
process of irrigation would lead to improved cfficiencies at field level. The data
indicate that ficld losses are less in the new areas than in the old ones, pointing to the
importance of the farmer's presence during irrigation and his or her intervention in it.

It is tempting to suggest that less frequent irrigation with larger applications would
improve ficld application efficiency and reduce the labor requirement. Ilowever,
before making that suggestion, one needs to be sure that it can be implemented on
the shallow soils of Hunza-Gojal.

Water scarcity does not affect system operation in Gojalto a large extent. Only during
the first few weeks of the season are strict rotational rules implemented in some of the
systems. In the new irrigation systems, however, waler scarcity could occur, at some
point, with further land development.

Operation and maintenance of the systems is done either by the farmers themselves
on an informal basis, as in the old systems, or by chowkidars, employed specifically
for that purpose. Whether chowkidars are employed depends on circumstances. In
New Khaiber, where the farmers walk along the conveyance channel to get to their
ficlds, chowkidars were no longer needed once land was subdivided into individual
holdings. But in New Passu, where the supply channel is on one side of the road and
the ficlds are on the other, chowkidars are employed to adjust flows, to patrol and
inspect the supply and approach channels, and to do minor maintenance. Old systems
have a lower demand for maintenance; in the new systems, maintenance of approach
and supply channels is done once a year, organized by the chairman of the village
organization who also arranges for emergency maintenance to be carried out when
necessary.

In both new and old systems it often appears that water is being wasted, but when
it is actually irrigating grasses, bushes and trees on so-called waste land it is well-spent,
because it helps to provide fodder for animals and firewood for the houscholds.
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Drainage water ponded in low depressions leads to soil improvement by silt
deposition.

Conveyance losses in supply and distribution channels arec much as expecled, given
the types of soil they traverse. These losses are no larger in the new channels than
in the older ones, undoubtedly because of the scaling of channel beds by silt
deposition, facilitated by the relatively flat slopes of the new channels. In the New
Passu channel the losses are even less than in the older channels.

It was found that it took more time than was anticipated to supervise an activity of
thi¢ nature in such a remote area as the Northern Areas of Pakistan. First, because of
frequent cancellations of flights between Islamabad and Gilgit on account of adverse
weather conditions, all but one of the trips to Hunza-Gojal had 1o be made by road.
The trip between Islamabad and Gulmit, where the field st~ff had its quarters, took
Letween 16 and 25 hours cach way, depending on the road conditions. Second, the
ficld team required considerable supervision because tleam members were unfamiliar
with the environmental conditions of Hunza-Gojal in general, and of the irrigation
systems in particuiar,

The obvious lesson in this is that travel time and supervisory time should be
budgeted realistically for projects carried out far from IIMI-Pakistan’s hcadquarters in
Lahore.

RELEVANCE FOR IIMI AND NEXT STEPS

Among the several rescarch themes emphasized in [IMI's current strategy is the
management of irrigation support services Lo farmers focusing on the spccial problems
of improving agency cffectiveness in delivering assistance o farmer-managed
irrigation systems, in order to enhance both the productivity and sustainability of these
systems,

Most immediately, it is possible to communicate some of the foregoing recom-
mendations (e.g., improved ficld leveling Lo increase irrigation application efficiency,
optimal length of furrows for irrigating potatoes) to existing agricultural extension
services in Gilgit District. Less certain is the degree to which these recommendations
would be further disseminated to farmers in ways that would lead to their adoption.

Clearly, the research on FMIS in 11unza-Gojal nas yet to determine all the causative
factors that influence the overall performance of small-scale irrigation systems in
northern Pakistan. However, significant progress has been made in defining a range
of physical performance parameters. A deeper analysis of the data presented here, in
conjunction with rescarch findings on FMIS in analogous environments elsewhere and
including the social dimension, may permit the synthesis of a gener! conception of
irrigation management in harsh mountain regions which could yield “first approximation”
answers to that important issuc.

The results of such an integrated effort should be disseminated to AKRSP, which has
developed a successful intervention strategy for assisting FMIS development and
improvement (c.g., Maliha 1lusscin, et al. 1989), as part of a larger institutional
development program secking to achieve a more self-sustaining and productive rural
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cconomy in northern Pakistan. The capacity of AKRSP and conslituent village
organizations to apply those results could be enhanced by further training of local
engineers and social organizers to conduct comparative, diagnostic and monitoring
studies of FMIS performance. The participation of two AKRSP engineers throughout
the ficld phase of this project was a modest first step in that direction.
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CHAPTER 5

Irrigation Management for
Crop Diversification: IIMI/IRRI Studies

Senen M. Miranda

INTRODUCTION

IRRIGATION 1S NORMALLY seen as a means of reducing risks associated with rainfall
variability, extending potential growing seasons, and creating a wider range of
cropping and farming choices. The degree to which one or more of the benefits is
attained is dependent upon the availability of the basic water supply and the degree
of control which can be exercised over its delivery.

D1~ to government policy initiatives to expand rice production, the primary
objective of irrigation projects implemented since the mid-sixties in the humid tropical
areas of Asia has been to provide a more reliable supplementary supply of water during
the wet season for the cultivation of rice under wetland conditions. Even the reduced
water supply during the dry season is used to grow an additional crop of rice on a more
limited area. The heavy investment in irrigation has provided the controlled flooded
water environment considerad necessary to take advantage of the full potential of the
new high yielding and early maturing rice varieties. However, the success in rica
production which has enabled the attainment of self-sufficiency in a number of
countries in Asia has also resulted in a reduction in the economic returns fromirrigated
rice lands.

Theoretically, there are at least three ways by which this problem could be
addressed: by increasing the economic yield of rice, by increasing the area served by
scarce waler resources through more effective and efficient irrigation sysiem man-
agement, and by introducing crops of higher value than rice into the irrigated rice
farming systems. The Rockefeller Foundation provided a grant, effective 1 July 1987,
to the International Irrigation Management Institute (1IMI) and the Internadonal Rice
Research Institute (IRRI) for the two international institutes, with their complementary
strengths, to conduct a joint study of the three options. IRRI clearly has an interest in
the first option. The second is part of 1IMI's mandate o improve irrigation systcm
management. Both institutes are concerned with the third option of getting higher
economic and more equitable social returns from the water and its associated land. In
addressing the three options, the Project attempts to look at the problem from a
comprehensive point of view to include agronomic, socioeconomic and institutional
issues related to rice and nonrice crops in irrigated rice-based farming systems.
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‘This tri-country collaborative Project has been conducted in Bangladesh, Indonesia,
and the Philippines which are all in the humid tropics of Asia. The six broad objectives
of the Project are:

* To characterize the factors influencing the options for changes in rice-based
farming systems, and to identify the more important options in selected
geographic locations.

* To determine the deyree to which different levels of irrigation system perform-
ance influence the ability to incorporate changes in the farming systems
effectively.

* To develop efticient and economical methods for managing irrigation water
delivery and the use of post-rice residval water for rice-based systems in which
nonrice crops are grown, with special reference to the implications for
agronomic practice and for institutional performance and change.

* To transmit and interpret the research findings 1o agricultural and irrigation
system managers, planners, and policymakers to encourage informed and better
decision making.

* To enhance the development of trained professionals in the area of irrigation
problems through the provision of graduate research opportunities.

* To provide an opportunity for IRRI and IIMI staff to interact in a varicty of
collaborative activities permitting the development of an effective and mutually
supportive long-term relationship.

The initial activities consisted of discussions at IRRI, in April 1987, among scicntists and
administrators from both institutions. These were followed by consultation meetings
in early October 1987 with national agencies in the Philippines and Indonesia.
Because of the unstable political situation in Bangladesh, only limited consultation
could take place there in late January 1988. In all three countries, scientific staff from
[IMI'and IRRI met jointly with officers of appropriate national agencies and universitics
to identify the rescarch areas and strategy for the Project’s implementation.

PROJECT IMPLEMENTATION PROCESS

While the broad project objectives were defined early on, the different implementing
activities in the identification of problem areas, the selection of research sites, and the
various modes of interaction between the two institutes and national agencies had ‘o
be done on a country to country basis. The process adopted was guided by the
following agreed set of principles:

* Collaborative activity shouid be concentrated on problems of mutual concern

to the two institutions.

* 'The activity should capitalize on the complementary strengths of the two
institutions. These strengths include disciplinary cxpertise as well as geographi-
cal (national) expericnce, conlacts, and logistic capabilitics.

* The expected output should be greater and/or “better” than the efforts of the
institutions working separatcly.
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*  The problems and opportunities 2ddressed should be of significant scope, i.e.,
the potential practical impact should be large.

* Detailed planning of specific activities should be programmed to permit effective
input from staff of the appropriate agencies ir: the countries in which the work
would be carried out.

Setting Country Specific Objectives

Bangladesh

Full details of the Bangladesh component of the IIMI/IRRI collaborative project are
covered in the following Chapter 6 ("Studies on Rice-Based Irrigation Systems
Management in Bangladesh,” Donald E. Parker). Only the work in Indonesia and the
Philippines will therefore be discussed in this chapter.

Indonesia

In Indonesia, planning meetings held in June and October of 1987 and March 1988
involved 1IMI, IRRI, the Directorate Ceneral for Water Resources Development
(DGWRD), the Agency for Agricultural Rescarch and Development (AARD) and the
University of Gadjah Mada (UGM). The research activities of the Project and the
detailed workplan for cach of the collaborative institutions were determined during
a workshop held at Cirebon, West Java, in Junc 1988.

The primary objective of the Project in Indonesia is to develop and test irrigation
system management slrategies that take into account variations in the physical
environment, crop management, waler availability, and farmers’ crop decision
meking. Current irrigation system management practices, largely based on the pasten
system or derivatives thereof, already respond to certain aspects of demand and supply
but are relatively insensitive to variations in physical conditions. Throughthe Irrigation
Committee, a scasonal cropping plan is drawn up based on previous experience, but
it is clear that there are significant deviations from this plan during each season.
Biweekly estimates of planted area and average water demand arc obtained and
compared with estimates of water availability during the same time period. As long
as supply exceeds demand, the systems operate largely on a continuous flow basis to
all parts of the irrigated area, leaving farmers to make local adjustments where needed.
When supplies are inadequate, rotational irrigation is implemented between tertiary
blocks along a sccondary canal and, under more severe conditions, between
secondary canals.

For the irrigation maniagement system to be effective, two different time frames
should be taken into account: within season system operation and seasonal planning.
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Within Season System Operation: Initially, research was concentrated on responses to
exisling irrigation management practices before moving on to innovations later in the
Project. The following specific objectives were identified:

* To determine optimal rotational irrigation schedules to be adopted when water
supplies are inadequate to meet demand through continuous and simultancous
deliverics to all tertiary blocks. The institutional arrangements and supporting
information flows required to implement alternative water delivery practices,
including modifications to rotational irrigation, will be evaluated.

* Tocevaluate the relationships between irrigation system operation and groundwater
fluctuations that may be detrimenral or beneficial to nonrice crops, and to
develop methods for the productive use of residual soil moisture and the
prevention of overirrigation during periods of abundant water supply that may
lead to an untoward buildup of groundwater that may in turn inhibit cultivation
of nonrice crops in subsequent seasons.

Annual Planning of Irrigation Schedules: Since the annual Crop Plan involves several
components relating to the assessment of water supplies that are based on ten-year
moving records — soil and crop water demand, allocation of cropping patterns within
the system, and the development of a set of operational plans to accommodate
variations in both supply and demand — the following objectives were addressed:

* Todevclop methods of better assessing water availability, from both rainfall and
rivers throughout the year, with particular emphasis on simple methods of
predicling the periodicity and intensity of water deficit during the dry season.

* To obuain betier estimations of probable cropping decisions made annually by
farmers that can be integrated into scasonal cropping plans, to evaluate cropping
choices of farmers and assess the constraints on cropping practices or crop
establishment, and to develop alternative cropping patterns that better suit
variations in physical conditions.

* Toimprove procedures for dry-season allocation of areas to be irrigated and the
crops to be grown, based on predictions of water availability at system level and
on assessments of field-level demand.

* To develop plans for operationalizing system management under the Annual
Plan and 10 accommodate anticipated demand and probable water supplies to
the system, including assessment of the capability of the system to accommodate
aliernative rotational irrigation practices.

* To proposc modifications of the annual and scasonal planning F wcesses that
incorporate more site-specific information including feedback from perform-
ance in previous scasons.

The Philippines
In the Philippines, consultation meetings were held in October 1987 with the National

Irrigation Administration (NIA), the Philippine Council for Agriculture, Forestry and
Natural Resources Research and Development (PCARRD), the University of the
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Philippines at Los Banos (UPLB), the Central Luzon State University (CLSU), the Bureau
of Soils and Water Management (BSWM), the Bureau of Agricultural Research (BAR)
and the Philippine Rice Research Institute (PhilRice). It was decided that IIMI and IRRI,
cither separately or together, should take major responsibility for developing and
facilitating research with collaborating national agencies in the following areas:

Documentation and analysis of the management procedures of irrigation
systems with rice-based cropping (IIMI). The analysis should include an
assessment of factors that influence the management and decision-making
process of systems managers, central office staff and farmers, as well as
policymakers. The analysis should also focus on the changes that may have to
be introduced in the systems designed for the monocropping of rice.
Assessment of the physical characteristics and design of an irrigation system with
regard to its suitability for rice-based farming systems, with the possibility of
introducing modifications in the presern design to support mixed cropping
(IIMI/IRRD).

Exploration of strategies and recommendations for irrigation managers, farmers,
and policymakers on how to manage irrigation systems for crop diversification
efficiently and effectively (IMI/IRRD). These include water resource augmen-
tation to extend the dry-season irrigated area in different types of sysiems, and
opportunities for alternative water allocation to establish higher efficiency of
water use and greater equity among farmers (rice and nonrice). The results will
help to formulate policy recommendations that will support the government's
effort in both maintaining self-sufficiency in rice and enhancing farmers’ income
through crop diversification.

Identification of the physical infrastructural requirements for effective water
control at the farm level to support mixed cropping after wet-season rice and the
methods for their optimal use (IRRD.

Determination and analysis of the factors influencing farmers’ decision making
in crop selection and management during the dry season within the context of
the household socioeconomic situation (IRRI). Factors such as water supply, soil
type. farm location, profitability of various crops, availability of off-farm
employment, input supply, creditavailability, markets, and irrigation service fees
for dilferent crops will be investigated.

Assessment of the status and behavior of dry-season groundwaler regimes in
nonirrigated areas, particularly in areas adjacent to irrigated rice RRI/IIMD. The
problems and opportunities that these regimes present for the production of
nonrice crops should be evaluated. Soil and crop management and irrigation
inputs that can maximize the benefits of both matric and groundwater reserves
for nonrice crops should be identified.

Assessment of drainage options for rice and upland crops under different
hydropedological, topographical, and local cropping environments, and their
implications for system design and management (IRRI/IIMI). Benefits and costs
of investments in drainage facilities should also be addressed.
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Research Site Selection

The selection of research sites was greatly influenced by ongoing rescarch conducted
by IIMI and/or IRRI in each of the three countries.

In Bangladesh, the researchssites chosen initially were the Ganges-Kabodak lift-cum-
gravity irrigation system and the North Bangladesh deep tubewells where IRRI has
been conducting collavorative research for a number of years with the Bangladesh
Waler Development Eoard and the Bangladesh Rice Rescarch Institute.  Later,
Bangladesh Agricultural Development Corporation deep tubewells in Rajshahi con-
structed with Grameen Bank participation were added. While the IRRI research has
resulted in some significant improvements in the management of irrigation water in
the two carlier systems as well as in the crop production practices of farmers, the
present Project is conceived to enhance the process of internalizing the available
results and to generate relevant new information in support of the Project’s objectives.

In Indonesia, two siles were chosen in Cirebon, West Java where IIMI has been
conducting research because of 1heir proximity to the Sukamandi Research Institute
for Food Crops of AARD. The bulk of the fieldwork is done in the Mancungteung
Irrigation System which is a run-of-the river diversion. The second diversion system
is at Ciwaringin. Because of its past research activities there, IIMI has established a
good database in irrigation management activities at these two sites. Eleven separate
studies were conducted in Indonesia.

In the Philippines, the research sites chosen, all in Luzon, are the same systems
where IIMI conducted studies on irrigation management for crop diversification with
funding from the Asian Development Bank. These are the Upper Talavera River
Irrigation System (UTRIS), the Laoag-Vintar River Irrigation System (LVRIS), and the
San Fabian River Irrigation System (SFRIS), which are all run-of-the river diversion
types. Three other sites are used by IRRI to conduct parallel component studies. Most
of the work by both IIMI and IRRI is done in UTRIS where IRRI has had even a longer
rescarch presence. Eleven separate studies were conducted in the Philippines.

Professional Development

The Project provided opportunities for graduate research fellowships/scholarships
(4-Indonesia, 7-Philippines), attendance in relevant training programs (24-Bangla-
desh, 3-Indonesia, 19-Philippines), and study tours and coaferences for national staff
(8-Bangladesh). Active participation in actual research by irrigation, agricultural, and
research agency staff has contributed to their gaining on-the-job training experience.
One senior staff memiber in the Philippines and another in Bangladesh were seconded
toassist in the day-to-day coordination of the Project and to conduct their own reszarch
for their further professional development.
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Activities in 1990

With the Project due for completion by the end of 1990, final national workshops were
held from 13 to 14 June in Yogyakarta, Java, Indonesia, and from 10 to 12 September
in Los Banos, Laguna, in the Philippines, to disseminate and receive feedback on the
research findings. In Bangladesh, a workshop scheduled for 23-24 September 1990
could not take place because the necessary government permit was not obuained.
Asa final activily, an intercountry workshop was held between 12 and 14 November
in Colombo to review and integrate research findings in each country and across the
three countries, and to deliberate on the recommended course(s) of future action.

FINDINGS: A SYNTHESIS

The intercountry workshop was able to produce a consensus on an integrated set of
findings, recommendations, and the future course of action. These were categorized
into: a) Main irrigation system management for rice-based farming systems; b) Farm-
level water management for rice-based farming systems; ¢) Economics and institutional
issues in irrigated rice-based farming systems; and d) Critical issues discussed. The
following questions were used as a guide in sorting out the findings and recommen-
dations from the Project:
*  Whatare the factors that influence the options for changes in rice-based farming
systems?
*  What are these options and how do the Hifferent factors affect them?
* Whatare the implicatior.s of these changes on irrigation management, at system
and farm levels?
*  How couldthese implications be addressed? What recommendations are already
utilizable? Is there a need for further research? What should be done next?

Main irrigation system managemen!. Some background issues were considered, such
as the differences in the type of irrigation systems used as rescarch sites (large gravity
direct diversions in the Philippines and Indonesia, and lift and deep tubewell systems
in Bangladesh). It was recognized that there were lessons that could be learned from
drierenvironments (e.g., Egypt, Morocco, Pakistan) where diversification is widespread
and where management issues may be simpler or better understood. It was also
recognized that the main issue is the irrigation agency’s ability to respond, in terms of
waler allocation and delivery in the main system, to diversification once the external
environment is encouraging farmers to do so. It was agreed that changes should be
introduced in the planning, implementation, monitoring, and evaluation procedures
being followed by the irrigation agency.

With regard to water distribution, reliability of timing may be more important than
trying to meet adequacy. Rotational irrigation in some form is almost inevitable
because of the risk of overirrigation and the need to maintain the hydraulic head, and
because rationing by time is easier than rationing by discharge.
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Irrigation systems that are properly designed and constructed for implementing
irrigation for wet-scason rice, and that can meet the land-soaking and land preparation
requirements, do have sufficient canal capacity for irrigating nonrice crops, although
the need for greater canal waler regulation is apparent.

Rotation plans should be known by all concerned. Irrigation system managers
should have different plans for different levels of water deficit. The level of rotation
at different levels of the irrigation syster, depending upon the nature and severity of
the water shortage, needs further rationalizing to improve reliability and equity. It was
clear that the development of new rotational plans is a gradual process involving
negotiation and testing. ‘The selection of aliernative rotation plans is a contract
between the irrigation agency and the farmers. The activitics should be based on
suitability for farmers (time of delivery/nondelivery), manageability by agency (staff,
number of gates, etc.), and 1echnical feasibility (conveyance capacity, cross-regulation
provision).

There should be an carly warning in case of a change in the rotational plan, and this
should be done through a concerted effort to maintain communication between the
agency staff and the farmers.

The information management required should include the monitoring of the
dynamic situation at the intake (available river flow and diveried flow to the system),
and the overall implementation of the plan. Regular meetings between the irrigation
stalf and farmers or their representatives during the implementation of the plan should
serve as a means for monitoring the operations of the system. The meetings could
provide the feedback mechanism needed o make the schedule more realistic and 10
settle conflicts in water distribution,

The involvement and participation of farmers as carly as the planning stage (annual
scasonal planning) is implied, and should be institutionalized to minimize problems
during implementation. ‘The active participation of farmers in decision making and in
managing the system increases their awareness of the system's capabilities and helps
them to understand the plan and the reasons for actions taken,

The objectives of the plan (in terms of production, equity, sustainability, etc.) should
be clear to all concerned and need to be translated into clear operation rules.

Waler availability prediction must be accurate.  If available water is below the
demand, rotation between years (i.e., 2-3 year planning cycle rather than 1 year) may
be appropriate.

Farm-level water management. There are many factors influencing the options for
changes in rice-based farming systems, and these include availability of adequate
water, land suitability, climatic condition, availability of management technology, tlime
constraint caused by the presence of rice crop, farmers’ preferences, resource base,
influence of neighboring farmers or extension agents, and land tenure status. Income
stability, however, was identified as the major consideration that influences the
farmers’ decision whether or nol to diversify.

In responding 1o the changes, it is implied that farmers must assume greater
responsibility in waier sharing to bring about the desired changes in water manage-
ment. Some ctcking facilities may have to be added to provide the hydraulic head
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required at certain points, in order 1o implement the flush basin flooding method for
irrigating a number of crops such as onions, tobacco, etc. Additional facilities are
needed during the dry scason, in the form of extra field channels to facilitate the
distribution, application, and removal of excess water for nonrice crops. The resulting
density of the field channels can be more than three times that presendy retained for
rice cultivation during the wet scason.

‘The use of groundwater to supplement canal supplies in the dry scason was
significant and economically attractive in both the Indonesian and the Philippine sites.
‘The same result is expected in similar groundwater use for rabi (dry) scason cropping
in the Ganges-Kobadak Irrigation System arca in Bangladesh (see Chapter 0).

The use of residual soil water is significant in Bangladesh for growing wheat, onion,
garlic and legumes after the aman (wet) season in the Ganges-Kobadak Irrigation
System (Bangladesh) area. While the potential is present in Indonesia and the
Philippines, the use of residual soil moisture, especially for mungbean, has not been
systematically documented.

‘The challenge of managing a high water table, resulting from seepage from adjacent
unlined canals and surrounding ficlds, has been addressed in the Upper Talavera
Irrigation System (UTRIS) site in the Philippines. A properly designed interception-
cum-drainage channel was established around and across the average-sized ficlds to
convert an unsuitable area to produce maize of 7.3 tons/ha, compared with 3.3 tons/
ha in the control area.

It was found thai a cropping pattern of rice-mungbean-maize, replacing rice-rice-
nonrice, has higher productivily than rice-n.aize-mungbean for systems without
adequale irrigation. In Bangladesh, green manure-rice-legume is recommended to
replace rice-rice.

Optimal yiclds for nonrice crops are obtained if soil moisture depletion is not
allowed to go beyond 40 percent of the available soil moisture.

Economics and institutional issues in irrigated rice-based farming systems. Different
cropping options that the farmers may consider during the dry scason were identified.
These include leaving the land fallow, planting only nonricc crops, growing
combinations of nonrice crops or rice and nonrice crops, and planting a dry-season
rice crop. These options are influenced by a variety of factors such as crop scheduling/
timing, tenural stalus, prices of inputs, product (market) prices, land suitability,
drainage constraints, farmer experience/attitudes, agency staff skills, labor/farm
power, farmers' ability to control water, access to technology, government policies,
and the presence of residual soil moisture,

The implications of changes in irrigation management, as carlier indicated, include
the need for better coordination among farmers, between farmers and agency staff, and
among agency staff (o increase the reliability of irrigation delivery. The conjunctive
use of surface water and groundwater needs 1o be enhanced, and information on
drainage should be considered.

These implications could be addressed through a pilot testing of management
changes and an assessment of successful cases. These would involve the agency,
farmers, and rescarchers interacting to fine-lune management procedures in the
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internalization process while the participation of the researchers is gradually phased
out. The budget implications of the new management changes need to be assessed.

Critical issues discussed. Irrigation service fees. Policies on irrigation service fees
should be reviewed in relation to the differences in managing the system for rice versus
nonrice crops. Consideration should be given to farmers who use water more
cfficienty, or who practice waler conservalion measures such as mulching and water
augmentation. It was suggested, however, that the review might also look at strategies
1o encourage farmers to pay irrigation fees.

Tenural status: The status of land tenure has implications for farmers' attitudes
towards improving land productivity. Not owning the land appears to deter farmers
from using the recommended technologies in their farms. Landlord-tenant arrange-
ments also cloud the issues of membership in Irrigators’ Associations and payment of
itrigation scrvice fees. 1s the landlord or the tenant responsible? Similar confusion will
arise over improving land productivity through crop diversification.

Farmers’ decision to diversify: As the report indicates, several factors influence the
decision of the farmers to plant rice or nonrice crops, and some degree of flexibility
is needed. However, this flexibility should take into account not only the farmer’s own
advantage but also the effects on other farmers and the flexibility of the irrigation
system itself. It may be necessary for the irrigation agency and other support services
to be ready with options that match the requirement of not individual farmers but of
agroup of farmers. The agency should also have some kind of mechanism to influence
the farmers.

Farmer organizations: Organizing farmers is not an absolule necessity for effective
irrigation management. In Pakistan, the farmers use the water as they see fit. However,
this cannot happen in the Philippines, Indonesia or Bangladesh, where farmers have
no fixed waler rights. Here, responsibility needs to be shared between the farmers and
the agency. The specific sociopolitical situations must be taken into account.

PLANS FOR THE IMMEDIATE FUTURE

The preparation and publication of the national and the intercountry workshops
proceedings will be done during the first half of 1991, An end-of-project report will
also be prepared.
Outstanding or unresolved issues such as the following may be addressed in future
research:
* Isthe design of the irrigation system with flexibility for crop diversification more
complex?
* How can assessments of available water supply and water demand be improved
to match the demand under diversified cropping conditions?
*  Should the governmeni become directly involved through such mechanisms as
crop plans?
* How should the agency and farmers cope with different soils/drainage environ-
ments, cosidering zoning and waler requirements?
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* For both rice and nonrice production, how should better techniques be
developed for improving water use efficiency and productivity?

RECOMMENDATIONS FOR FUTURE ACTION/RESEARCH

The various papers presented, the reports of the workshop groups, and the discussions
throughout the workshop all highlighted one point — the Project may be completed
but much remains to be done. Useful information and technologies have emerged and
these are expecled to enhance irrigation management. The participants strongly felt
that these should be further evaluated through some kind of piloting activity. It is
anticipated that a gradual internalization process will be needed for the impact of the
recommended innovations to be really felt.

Anaction planis needed to put the findings into operation. Stronger and more active
participation by the irrigation agencies and the farmers is envisioned. Other agencies
involved in agriculture (from production to marketing) should also be included. The
involvement of the research group will become less and less as the recommendations
are adopted and institutionalized.

Research is a dynamic process, and the Project has provided ideas and areas for
further research. The question of drainage, in particular, requires further study, as the
provision of basic drainage facilitics is essential, especially for upland crops. Farmers’
motivation (o participale in irrigation management should be studied more deeply than
the need tc form associations. The agency-farmer relationship is a necessary part of
diversification, and it still has a long way 10 go. A measure of reliability in water delivery
is also important for crop diversity, and this re:uains to be developed. Market forces
and postharvest i2cilitie. should also be given due consideration.

In implementing thesc secommendations, the role that 1IMI and IRRI have to play
is still apparent. Collaboration between agencies has proved to be very positive, and
this should be sustained. Other agencies have been suggested as potential partici-
pants, particularly in the piloting activity. Interested donors should also be identified.



Research Network on Irrigation Management
for Crop Diversification (IMCD)

DURING ITS THREE years of activities, the tri-country IIMI/IIRI collabora-
live Project has addressed important and comprehensive issues of
irrigation management for nonrice crops in rice-based systems. The next
step is to evolve strategies to operationalize the recommendations that
have come out of the present findings, and to disseminate the informa-
tion as widely as possible to irrigation and agricultural agency officials,
The research network onIrrigation Management for Crop Diversification
(IMCD), organized on [IMI's initiative, will be very usecful for this
purpose.

The idea of forming this network was approved in principle by the
participants in a regional workshog on irrigation management for crop
diversification organized by 1IMI in Sri Lanka in November 1986. Eight
countrics had alrcady signified their interest in joining the Network -
namely Bangladesh, India, Indonesia, Nepal, Malaysia, the Philippines,
Thailand, and Sri Lanka. The planning and organization of the Network
took place later during an ADB-funded workshop held in early December
1988 in BDangkck. ‘The Newwork links researchers, irrigation and
agricultural agency officials, and others concerned with irrigation man-
agement for crop diversification.  With fnancial assistance from the
Goverament of Japan, the Network attempts to serve as a mechanism for
rescearch and information exchange in:

¢ Comparing differences and similarities in national objectives

concerning irrigated crop diversification in rice-based farming
systems.

*  Determining existing irrigation management technologies for

nonrice crops at the main system, tertiary system, and farm levels.

* Identifying technical, institutional, and economic polentials for

diversified cropping in general, and for selected crops in cach
country or region under irrigated conditions.

*  Determining and evaluating alternative practices and technologies

to match national objectives and goals.
A Steering Committee, consisting of selected representatives from each
of the cight countries and 1IMI, oversees the operations of the Network.
The elected Committee Chairman, with the heads of the subcommittees
on research and development, information and dissemination, and
funding, presents for the committee’s review and approval, the program
of the activities for the year. 1IMI provides the secretarial support.
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The inaugural meeting of the Steering Committce was hosted by the
Department of Irrigation and Drainage (Malaysia) in Kuala Lvmpur in
1989, and it paved the way for putting into operation the objectives of
the network as agreed during the 1988 Bangkok workshop. The
subcommitiees on research and development, inforsiaticn and dis-
semination, and funding presented their respective programs of activities
for 1990.

The maiden issue of the IMCD Newsletter came out in August 1990.
The Newsletter will be published annually to facilitate information
exchange and dissemination or .ne subject of the Network. Itisintended
as a forum for Network members to exchange experiences, views, news
of new publications, workshops, etc., as well as for publishing short
abstracts of relevant research. The first issue featured highlights of the
commiltee meeting in Kuala Lumpur, and such ongoing projects as the
Crop Diversification Project for Non-Granary Irrigated Areas in Malaysia,
the NIA Diversified Crops Irrigation Engineering Project and the IIMI-
IRRI Collaborative Project.

The formation of national committees such as the Nationa: Commiltee
on Crop Diversification (NCCD) in the Philippines, is being catalyzed to
link up with the Network. The memorandum of agreement binding five
national depariments was signed recently.

The Network's activities in 1990 culminated in its first annual review
and coordination workshop during 10-14 December in Manila, under the
theme of “Management Arrangements for Accommodating Nonrice
Crops in Rice-based Systems.”

FUTURE PLANS

Future plans include the holding of the second annual review and
coordination workshop in Indonesia. ‘The venues for subsequent
meelings will rotate among the network countries to give the participants
a chance to visit and observe the activities in each country. Publication
of the second volume of the IMCD News and the Proceedings of the
December 1990 Manila workshop is planned. The formation of parallel
national committe=s on crop diversification, similar to the NCCD in the
Philippines, will be promoted in the other member countries. It is
expecied that one will be formed in Bangladesh soon.
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CHAPTER 6

Studies on Rice-Based Irrigation Systems
Management in Bangladesh

Dgoiald E. Parker

INTRODUCTION

IRRIGATION SYSTEMS IN Bangladesh are primarily oriented to the production of rice.
Rice is grown in three overlapping seasons: aman, or rainy-season rice for which
supplemental irrigation is often useful; boro, or winter rice; and aus, grown during the
hot spring and early summer. The types of irrigation systems used for rice are quite
varied, and include tubewells, canal systems and low-lift pumps drawing water from
surface sources. Recent growth in irrigation has been most noticeable in the tubeweil
sector, as Bangladesh has large groundwater resources which, in most places, are
amply replenished during the monsoon season. Large numbers of wells and canal
command areas, however, are underutilized, raizt.1g questions as to how they can be
mere productively and equitably managed. It was in this context that the Bangladesh
portion of the IIMI/IRRI collaborative project on problems of irrigation management
for rice-based farming systems was started.

The Bangladesh component of the IIMI/IRI collaborat’ e project has had a
somewhat different emphasis from the components in Indonesia and the Philippines.
In those countries the focus has been on irrigation management for diversificd
cropping, whereas in Bangladesh the emphasis has included the management of
irrigation systems for rice v-liether or not other crops are grown. Nonrice crops do have
an increasing significance in Bangladesh, but the cour.try is not yet self-sufficient in
rice and the general efficiency and equitability of its irrigation systems would appear,
at this time, to be of the greatest importance.

IIMI's partnership with IRRI in Bangladesh had to await the arrival of the IIMI
Resident Scientist in Dhaka in late 1988. Since 1982, IRRI has already been sponsoring
some on-farm irrigation work in two projects through the Bangladesh Rice Research
Listitute (BRRI). Those two projects, plus one new site, were selected for the
collaborative work. 1IMI's part of this collaborative work was designed during 1989,
but actual data collection started only with the dry season of 1989/1990, due to
problems in arranging the deputation of a researcher to lead the work.

The BRRI team with which IIMI has worked on this program concentrated most of
its efforts on issues that could be termed on-farm. These included water availability
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and utilization, fertilizer-water interactions and crop diversification demonstrations.
They als» «.xamined main system possibilities of reusing drainage water for irrigation
as well as of rescheduling the major lift pumping schedule within the Ganges-Kobadak
canal project.

While the IIMI and BRRI teams worked closely together at all of the research sites,
the emphasis of the IIMI group was more exclusively on systems management aspects
of irrigation. The overall objective of the IIMI studies was to examine the constraints
on better command area utilization and equity with a view towards identifying and,
when possible, monitoring management changes that could relax those constraints.
The specific studies undertaken included:

* The examination of an experiment in water rotation in the Ganges-Kobadak

Irrigation System.

* The monitoring and assessmeiit of a minimum irrigated acreage rule applied by

the North Bengal Tubewell Project to increase command area utilization.

* A study of irrigation service fees and collection efficiency under various types

of irrigation systems.

* A comparison of tubewell irrigation under a number of different management

regimes.

* A look at farmer organizations in irrigation management ir: several types of

systems.

The aim of this paper is to briefly present a selection of the findings from the studies
undertaken primarily by the IIMI portion of the IIMI/IRRI collaborative program in
Bangladesh. Of the above subjects, all but the last will be presented as separate
sections. Issues of farmer participation and organizations permeate the discussions of
the other topics. Studies conducted predominantly by the BRRI (IIRRI) portion of the
collaborative IIMI/IRRI research team are reported elsewhere.

STUDY LOCATIONS

Studies were conducted in three locations in Bangladesh. The Ganges-Kobadak
Irrigation System operated by the Bangladesh Water Development Board (BWDB) is
a major lift canal system pumping from the Ganges and having 145,000 ha of irrigable
commandarea. Originally designed only for supplementary irrigation during the aman
season, the system now pumps from February until November, covering both aus and
aman. Sufficient water cannot be pumped to cover the whole of the command area,
particularly during aus. BRRI has studied irrigated rice cultivation on nine tertiaries
scattered among three secondaries of the project. In addition to working on
information from these tertiaries, the IIMI team worked with a fourth secondary (S8K)
on which an experiment in water rotation was being conducted.

#See Proceedings of the IIMI-IRRI Intercountry Workshop on Irrigation Management for Rice-
Based Farming Systems, Colombo, Sri Lanka, 12-14 November, 1990
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The North Bangladesh Tubewell Project (NBTP), also run by BWDB, is located in
the far northwest part of the country. It is composed of 381 deep tubewells installed
during the 1960s. The system relies on an electrical grid that has often provided
haphazard service. BRRI has intensively studied 12 pilot tubewells and 24 nearby
“saiellite” wells for several years. For the study of some issues, [IMI used information
from these BRRI wells. To examine the implementation of a minimum irrigated
acreage tubewell operation rule, the IIMI research team also randomly selected four
clusters of tubewells, in each of which four wells were studied.

For further study of tubewells under various non-BWDB forms of management, the
IIMI/BRRI research group chose a number of tubewells in the Rajshahi region, located
north of the Ganges in the westernmost part of the nation. Six tubewells were chosen
in the Barind Integrated Area Development Project (BIADP) of Bangladesh Agricul-
tural Development Corporation (BADC). This project operates about 2,400 deep
tubewells. Somewhat to the cast oi the BIADP area, six tubewells rented by BADC
to farmer groups were chosen for study. For three of these six wells the farmer groups
were provided with production loans (including irrigation costs) by the Rajshahi Krishi
Unnayan Bank (RAKUB), the agricultural development bank. In the same area, three
additional wells actually owned by farmer groups were also selected.

RESEARCH DESCRIPTIONS AND FINDINGS

The studies undertaken include two site-specific issues (rotation in the Ganges-
Kobadak scheme and the minimum irrigated cropped acreage rule in the NBTB) and
two cross-site studies (comparative tubewell management as well as irrigation fees),
all of which include elements of farmer participation in irrigation management. It
should be emphasized that there are a great number of types of irrigation management
systems in Bangladesh and the studies (and sites) dealt with in this paper represent
only a few of these types. There are, for example, additional irrigation management
schemes run by various NGOs or by landless groups. There are also multipurpose
schemes that incorporate flood control and drainage functions. Bothtime and resource
limitations precluded the inclusion of all types of management regimes in this study.
This study does, however, include management issues (and irrigation projects) that are
of importance in Bangladesh.

An Experiment in Water Rotation in the Ganges-Kobadak (G-K)
Irrigation System

As the G-K system is deficient in water relative to the total needs of the farmers within
its command area, a nine-day rotation (with three days of flow followed by six days
off) among secondaries was rather loosely followed for some years. In 1990, the
rotation was changed to one of ten days-five days with water followed by five days
without. The IIMI-IRRI-BRRI research group, in consultation and collaboration with
the G-K project officials, undertook an experiment on one secondary to monitor the
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full implementation of the rotation and examine its results. The action research
experiment attempted to resolve a number of problems encountered in the nine-day
rotation system. These problems included the non-sbservance of rotation among
tertiaries, the deteriorated condition of the canals and field channels, unauthorizes cuts
in the canals, the condition of hydraulic structures of sotne bridges and culverts, the
absence of farmer organizations and participation by farmers, and a general lack of
communication and interaction between the farmers and the project officials.

The secondary canal chosen for study (denoted as S8K) was one of the more
problem-ridden parts of the G-K system. Project officials arranged for repairs to this
canal and its control structures, and devised a system that ensured that the (5 + 5) ten-
day rotation could be strictly observed in regard to water deliveries to the secondary.
Project officials, along with rescarch team members, made special efforts to keep the
farmers along the secondary informed of developments and to encourage their
participation. In addition to numerous ficld visits, these efforts included a field
workshop held in a centrally located village along S8K. At this workshop farmers were
able to voice their concerns and participate in decision-making regarding their (and
the project’s) responsibilities in the rotation scheme. A good deal of cooperation
between farmers and officials, and among farmers of different tertiaries (notably absent
in previous years, with head-end tertiaries taking all of the water), followed this
workshop.

The impact of the rotation experiment on S8K has been highly positive in terms of
area irrigated and cquity. Of course, the sustainability of this improvement in future
seasons remains Lo be seen. The impacts are noted in Table 6.1

Area Irrigated. 'The area irrigated under S8K in the 1990 aus season was 528 ha as
compared with 54 ha in the 1989 aus — an increase of 877 percent. On this secondary,
82.8 percent of the 1990 Water Board target was achieved, as against 8.5 percent in
1989. This record of achievement at the macro level is supported by data collected
from 77 sample farmers selected from head, middle, and tail locations of each of the
four tertiaries of S8K. While the farmers included in the sample cultivated a total of
only 1.6 ha of land in the aus scason of 1989, they irrigated 20.8 ha of land in 1990 —
an increase of 1,170 percent.

Equity. ‘The distribution of water among different tertiaries and among farmers at the
head, middle, and tail locations along the various field channels has also become much
more equitable in 1990). In 1989, farmers of the tail tertiary (T4) irrigated an area which
was only 2.5 percent of all land actually irrigated along S8K in that year. In 1990, their
share of the total land irrigated increased to 18.4 percent; so, while this tail tertiary
did not quite fulfill its own absolute target it did do well in relation to its upstream
tertiary neighbors. The position of T3 farmers also improved dramatically, but not as
much as that of the T4 farmers (an improvement from 5.8 percent of total S8K irrigated
area in 1989 1o 24.8 percent in 1990. The T3 1990 targeted share, however, was 27.3
percent). In addition, the position of tail-end farmers within each tertiary (not shown
in Table 6.1) improved substantially in that their share of irrigated land also increased.
In 1989, the sample tail-end farmers (on all four of the tertiaries) did not cultivate any
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land under irrigated crops during aus. In contrast, these same tail-end farmers irrigated
4.6 hectares of land in 1990 (22.2 percent of land irrigated by the full sample of farmers
at the head, middle, and tail sections). In addition, all of the sample tail-end farmers
reported that they received sufficient water during the aus season.

Table 6.1. Area irrigated in aus with (1990) and without (1.389) rotation along tertiaries of
secondary S8K in the Ganges-Kobudak Irrigation Project.

Tl T2 T3 T4 Total
Target Area (ha)
(system data)
1989 1324 236.8 178.1 503 637.6
1990 1215 238.5 174.1 103.6 637.7
Actual Irrigation (ha)
(system data)
1989 216 28.0 31 1.3 54.0
1990 1204 179.5 130.9 97.1 527.9
Actual Irrigation (ha)
(sample farmers)
1989 0.9 0.3 0.4 — 1.6
1990 4.5 4.8 5.9 6.0 20.8
9% Target lrrigation
(system data)
1989 16.3 11.8 1.7 14 85
1990 99.1 753 75.2 93.7 82.8
% Total S8K Irrigation
(system data)
1989 399 51.8 5.8 2.5 100.0
1990 228 34.0 248 18.4 100.0

The success (at least for 1290) of the rotation experiment may be attributed to a

number of factors:

* Effective communication and interaction between the farmers and project
officials. The early ficld workshop (organized by the research team) brought
farmers together from all parts of the secondary and gave them a forum for
interaction and for direct contact with officials.

*  Farmer participation. As farmers came to believe that the secondary would get
water as scheduled, they were willing to work together on a rotation along S8K.
In contrast to previous years, upstream farmers did not destroy the tertiary gates,
remove the gauge melers or stop water from going to the downstream tertiaries.
Farmers also participated in maintenance.
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* Interest and attention of project officials. Both senior and field- level project
officials paid attention to the needs of the rotation scheme on S8K and kept in
touch with farmers as well as with the researchers.

* Change in the main canal control system. In contrast to previous years, a
regulator in the main canal just downstream of S8K was used in such a way as
to guarantee the delivery of water to the secondary on lime during its five-day
turn,

* Favorable rainfall. Rainfall during the 1990 aus season was well distributed over
time and is, no doubt, partly responsible for the improved situation along S8K.
On nearby (non-rotation-experiment) secondaries, however, the improvements
during 1990 were on a much more modest scale, supporting the implication that
a large part of the improvement on S8K was due to the rotation program.

These possible explanations do raise the question of sustainability and replicability.
Can the G-K project guarantee scheduled water deliveries 1o a larger number of
sccondaries? Can project officials pay sufficient attention to localized problems and to
farmer concerns in a greater number of secondaries? Will farmers continue to
cooperale and participate during future years? To try to answer some of these questions
there are plans to study an expanded rotation program in the Ganges-Kobadak system
in the 1991 aus season.

The Implementation of a Minimum Irrigated Cropped Acreage
Rule for Tubewell Operation in the North Bangladesh Tubewell
Project (NBTP)

The results of the other experiment 1o increase irrigation coverage, a minimum
irrigated cropped acreage (MICA) trial conducted in the North Bangladesh Tubewell
Project (NBTP), are not as positive as those of rotation in the G-K system. However,
as with rotation, this experiment also shows some of the potential for improving system
performance through management changes and farmer involvement.

As is the case for a great number of deep tubewells (DTWSs) throughout Bangladesh,
the wells of the NBTP tend to irrigate much less than their technically practical
command areas. Among the reasons for this tubewell underutilization are:
a) disruptions in DTW operation due to faulty power supplics, inadequate mainte-
nance, ctc., and b) orgunizational problems with farmers creating severe inequities in
access Lo reliable supplies of water.

To encourage farmers at these tubewells to work together, and to promote more
interaction between farmer groups and agency officials, the research project made a
policy suggestion that the Bangladesh Water Development Board (BWDB) adopt a
minimum irrigated cropped acreage system. Under this system the farmer groups
would indent for irrigation waler before a given season but the agency would only
operate the well if some predetermined minimum acreage was to be serviced. The
rationale behind this policy was that it would put pressure on each farmer group (o
solve at least some of the organizational problems that may have constrained the
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spread of irrigation in the past. Those few farmers who, in the past, were normally
using tubewell water would have to accommodate other farmers’ demands if anyone
at all was to receive waler. The agency, at the same time, would have to make great
efforts to improve the reliability of the operation of those tubewells where a2 minimum
cropped acreage was enlisted for an irrigation season.

Serious implementation of the minimum irrigated cropped acreage (MICA) policy
did not begin unti! the aus season of 1990, when the project officials and the research
team made efforts to communicate the new system to the irrigators. Project officials
and extension perscnnel spread the word about MICA, and agency officers and
members of the research tecam also held a series of field workshops aimed at explaining
the program and geltting feedback from the farmers.

While participation did increase to some extent with the spread of MICA there were
also problems, primarily caused by the design of the program. The water demand
indent system was easily abused, as farmer groups only had to claim that they would
be irrigating the minimum acreage for the water to be turned on for the season. No
system was devised for stopping the operation of a well during the season if the
number of irrigated acres claimed were not, in fact, irrigated. In addition, the Project’s
ability or will to enforce sanctions against noncomplying tubewell groups was in some
doubt, though a formal test of that ability was avoided due to the manner in which the
indent system operated. Tabie 6.2 showssome of the impacts of the minimum irrigated
cropped acreage experiment.

Irrigated Area. Information on irrigated area, both during the 1990 experience with
the MICA rule and during previous aus seasons, was available from 16 sample
tubewells plus 58 other tubewells scattered around the North Bangladesh Tubewell
Project (Table 6.2). Ofthese 74 wells, 30 met their minimum irrigated acreage targets.
‘These wells had an average MICA target of 16.5 ha but actually attained 20.9 ha. In
the 3 aus scasons preceding 1990 these same tubewells averaged 15.2 ha. The average
improvement in irrigated coverage was 5.7 ha.® Ofthe 44 tubewells tha: did not meet
their MICA targets (but which were operating because they had originally promised,
through the indent system, to meet the MICA target) the average irrigated coverage
increased from 6.3 ha in previous years 10 7.5 ha in 1990.% It is quite possible that the
increasces in irrigated area canbe explained by the MICA rule, or at least by the attention
focused on the issue of command area utilization through the MICA experiment. The
increases were moderate, however, indicating that the MICA rule by itself may not in
its present form have the potential to solve the problem of tubewell underutilization.
Another issue is also raised by these figures. It can be noted that the group that did
not meet its MICA targets had an average irrigated arca in pre-MICA years of only 41
percent of that of the group of wells that actually reached their minimum irrigated
acreage largets. These two groups, then, are likely to have had quite different

B Statistically significant at the 1 percent level.

% A difference that was statistically significant at the 10 percent level.
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characteristics or constraints. In fact, farmers who failed to meet their MICA targets
identified poor channel conditions, sandy soils, weak farmer organizations, and the
cultivation of wheat in parts of their command areas as reasons for their failure, It is
unclear whether target-attaining wells faced these problems to the same degree. To
be effective, policies to increase irrigation coverage may have to address these issues,
and possible future research might address the betier identification of these differ-
ences,

Table 6.2. Minimum irrigated cropped acreage (MICA) targets, actual irrigation attained
and rice yields during the 1990 aus season in the North Bangladesh Tubewell

Project.
Average 1950 1987-89 Pre/post  Average rice
MICA Average actual  Pre-MICCA MICA yield
target irrigated area average difference  (tons/ha)
(ha) under MICA irrigated (ha)
(ha) arca (ha)
Wells
meeling
MICA 16.5 209 15.2 5.7 5.54
targets
Wells
not
meeting 15.2 7.5 6.3 1.2 4.68
MICA
targets

Note: Hectare figures are for 16 sample wbewells plus 58 other North Bangladesh Tubewell
Project wells for which data were available. Yield figures are from crop cuts on sample
wells only.

Yield. Among the 16 sample tubewells, average rice yield (for the Purbachi variety)
was 14 percent higher for farms on tubewells that attained their MICA targets than for
those on tubewells that did not. This range of difference was evident at head, middle,
and il locations.” Given the possible differences in characteristics of the two groups
of tubewells, the yield difference may or may not be due to the implementation of
MICA.

Equity. Among sample tubewells neither locational nor farm size equity in terms of
irrigation coverage seems to have changed much during the 1990 MICA rule
application.

B The yield differences between head- and tail-end farmers of both groups were statistically
significant at the 1 percent level.
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Irrigation Service Fee and Collection Efficiency

The collection ofirrigation fees in order to at least cover the operation and maintenance
costs of the system has often been put forward as a useful policy. With such fees,
irrigation management is expected to improve for a number of reasons: a) The
generation of funds can help in the timely provision of O&M functions. b) The sharing
of costs by water users can improve the accountability of irrigation managers to water
users. ¢) Water users can be expected to use irrigation facilities more carefully in order
1o avoid increases in O&M costs that might be translated into increased fees.

In Bangladesh, it is the stated government policy to recover the O&M costs of its
irrigation projects. Tiie experience in fee assessment and in collection efficiency varies
widely, however, by agency and by type of system and management. The IIMI study
team examined various aspects of irrigation fec collection and system management.
As canbeseenin Table 6.3, there is a great difference between Bangladesh Agricultural
Development Corporation (BADC) and private tubewells in the Rajshahi area, on the
one hand, and the BWDB canal and tubewell systems on the other. The irrigation fees
paid by farmers in the BADC rental wells and in the Barind Integrated Area
Development Project (BIADP) system approximate or exceed the level of O&M costs.
For the few private tubewells under study the fees (at 208% of O&M costs) obviously
make a substantial contribution to capital ccsts and/or the owners. Collection
efficiency, as represented by the percentage of assessed fees collected, is also very
high. This picture is in great contrast to the experience in the Ganges-Kobadak and
North Bangladesh Tubewell Project. In these BWDB projects the assessed fees
represent only a small fraction of the costs of operation and maintenance. Despite the
low level of the BWDB fees, the collection efficiency is also very low. Only 1 percent
of the fees is actually collected in the G-K project.

A number of factors might explain some of the differences between the fee
experiences in the two BWDB projects and the various BADC and private wells under
study. Sample farmers in each of these systems were asked a number of questions
about their participation in, and understanding of, fee setting and collection. None of
the G-K or NBTB (both BWDB systems) farmers had participated in fee-decisions, nor
did they seem aware of the criteria used for the fixing of fees. Partly because of the
tubewell-centered (as opposed to project-centered) nature of the management of the
various types of tubewells under BADC or private ownership, farmers in these systems
felt that they had participated in the setting of their fees and were well aware of the
criteria used for fixing of fees. Farmers were also asked how fee collection could be
improved. All of the NBTB respondents, but very few farmers from other projects,
noted that improved irrigation service would be required. Respondents in the BADC
and private wells, by contrast, concentrated on issues of improved farmer participation
when answering the same question. These responses would indicate that greater
farmer participation in fee-decisions (or other aspects of irrigation management), as
well as adequate irrigation service delivery, may well lead to a greater willingness to
pay for water received.
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Table 6.3. O&EM costs, irrigation fees, and collection efficiency (Taka figures are per season

per bectare).

System o&M Irrigation Fees as Collection

cos's fees % of O&M as % fees
(Taka) (Taka)

BADC rental DTW 2,460 2,287 94 79

with bank loan

BADC rental DTW 2,005 3,273 163 96

without loan

BADC, BIADP DTW 4,442 4,810 108 6

Private DTW 1,891 3,929 208 98

BWDB, NBTP DTW 4,426 289 7 24

BWDB, G-K Canals 2,097 329 16 1

Notes:

a) Figuresare from sample tubewells in 1989-90 for all but the two BWDB systems where
figures are from the project level for 1988-89.

b) Average per season per hectare irrigation fees are calculated by dividing gross yearly
fees by gross annual irrigated area.

©) O&M costs include both direct and indirect costs.

d) lrrigation fees are defined as the sum of all payments made by the farmers for the
irrigation services they receive. For BADC wells, the agency charges reflect only part
of this fee.

In Bangladesh, there is an ongoing movement to privatize small-scale irrigation
systems. It is likely that most of the NBTB tubewells will soon be privatized or taken
over by the Grameen Bank. Farmers using these wells will then have ro manage their
own systems and will be forced to pay their own O&M costs — though perhaps not
without a struggle, as irrigation charges have been the main item of friction in the wells
already tzken over by the Grameen Bank's irrigation management system. For canal
systems such as G-K, however, improvements in fee collection may not be so casily
solved. In some of its other surface projects, BWDB will soon be experimenting with
ways of passing the responsibility for fee collection over to outlet committees. It will
be useful to follow these experiments in farmer participation and assess their results.

Deep Tubewell Irrigation Under Different Management
Regimes

The Rajshahi arca was chosen for study because it provided an opporiunity to examine
tubewells under a variety of ownership/management situations. The cooperation of
the Rajshahi Krishi Unnayan Bank (RAKUB) also provided the chance to examine a
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program for the provision of production and irrigation management credit as it might
operate under the various management regimes under study. RAKUB was to extend
its credit program to include a number of wells under the BIADP scheme, under BADC
rental arrangements, and under private ownership. Within each management cat-
egory, the IIMI/IRRI research group was to study several tubewells within, and several
outside, the RAKUB credit program. Unfortunately, as the irrigation season got under
way, RAKUB proved unable to extend its program beyond the BADC rental category,
and the irrigation management credit part of the study lost much of its credibility. It
was still possible, however, to compare aspec.s of irrigation performance for the
various categories of tubewell management. These types of ownership/management
included:

* The BADC's Barind Integrated Area Development Project (BIADP). In this
project, informal farmer groups are provided with wells and are required to pay
an irrigation charge based on ’stimated command area. The BADC provides .
repair and maintenance services up to a value of one third of the charge. The
farmer groups collect a fee from the irrigators to bear the costs of the BIADP
charge, any further repairs, all fuel and oil, and also to pay the salaries or
honoraria of the tubewell managers, operators and drainmen. Management
responsibilities lie with the farmer groups or their leaders, but BADC retains
enough control of the wells to ensure that its irrigation charge is paid by the
groups.

*  The BADC rental program. The BADC also owns a number of deep tubewells
under its rental program. These wells were installed between 1967 and 1978 and
were rented to farmer groups (both formal and informal). In the 1980s, BADC
attempted to sell the wells to the groups but this effort was largely unsuccessful,
and the rental program continues. The farmer groups owe BADC an annual rent
of Taka 5,000. The groups arc responsible for the costs of operation and
maintenance. The BADC retains some repair responsibilities but haslittle control
of well management. While the tubewell managers collect fees to cover O&M
as well as the rental charge, the rent seldom seems to reach BADC.

*  Private oumership and management. Since 1979, the government has been
selling deep tubewells (at subsidized rates) to farmer groups, which are then
responsible for all aspects of operation and management. Most of these farmer
groups exist in name only, with the wells effectively being owned and run by
one individual or a few individuals. Capital loans were taken out to purchase
the wells, but the level of loan repayment is very low — despite the fact that the
fees paid by farmers are sufficient to pay the loan instalments as well as O&M
costs.

A number of tubewell characteristics and performance indicators v'2re examined by
the study team. This paper concentrates primarily on irrigation: coverage and, to some
extent, on yield and equity.
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Table 6.4. Deep tubewell irrigation coverage and rice yieids in various systems in the
Rajshabi ar~a during aus of 1990.

Type of Area Cusec  Area per Operational Water per Yield Net return
system irrigated discharge cusec hours irrigated perha  perha
(ha) (ha) ha (meters) (tons)  (taka)
BIADP DTW 114 1.1 103 893 0.88 5.89 18,407
Private 23.7 1.7 14.1 626 0.46 4.12 13,551
DTwW
BADC rental 228 1.6 14.0 696 0.49 3.85 12,132
with RAKUB
BADC rental 216 1.6 13.2 675 0.51 3.82 11,652
w/o RAKUB

Irrigated area. The figures in Table 6.4 indicatc that the BIADP tubewells irrigated
roughly half as many hectares as the other types of wells during the aus season of 1990.
When controlling for measured discharge (which is lowest for BIADP wells) it can be
seen that the irrigated coverage per cusec capacity was about three quarters that of the
others. The BIADP tubewclls, however, were operated for a significantly larger
number of hours during the season, resulting in 72 percent to 91 percent more water
per irrigated hectare than in the other systems. Considering that the soil in the BIADP
area was clay, with very low seepage percolation characteristics compared with the
medium seepage percolation loam in other systems, the BIADP wells would seem to
have very low relative irrigation coverage indeed.

Yield. Farmers using the private wells and those using the BADC .ental tubewells
mainly grew the Purbachi variety of rice, whereas the BIADP tarmers chose IR-20 (a
slightly higher yielding variety than Purbachi when grown under similar conditions).
The BIADP farmers used more fertilizer and water per hectare (as noted above) than
did the BADC ren al and private tubewell irrigators. The result was that the BIADP
farmers re ported rice yields and net return per hectare that were 50 percent greater than
those achieved by farn.ers on the other types of wells.

Equity. In none of the systems did distributional equity between actual irrigators
(either by locaticn or farm size) seem to be a major problem. In general, all categories
of irrigators received adequate and timely supplies of water. However, larger farmers
in all of the systems did dominate tubewell management positions, and further
information is needed on those farmers who were unable to get irrigation water.
Differences in well capacity, soil, etc., would not seem to be sufficient to explain
the very grea: “ifferences in performance between the BIADP tubewells and those that
were privately owned or rented from BADC. Further research is necessary on this
subject, but a possible line of enquiry might concentrate, in part, on the enterprise
focus of those who dominate the management of the various wells. In all of she wells
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under study, the locus of control of water distribution is at the tubewell (rather than
project) level. Because of this local control, the irrigators seem well enough informed
about various aspects of irrigation such as who will receive water, the setting of fees,
ctc. There is a difference beiween types of well, however, with respect to how much
those who dominate the management of the wells (whether or not they are actual
owners) can make from the operation of the tubewells.

Examining irrigation fees in relation to O&M costs reveals that the private wells, and
many of the BADC rental wells, generate a large surplus in the way of fees. As the rental
charges and capital loans are seldom actually paid to BADC or the baiks this means
that those people who dominate the management of their tubewells can generate some
personal income from the wells. Their emphasis might be expected to be on running
the tubewell as a business and attefnpling to maximize the tubewell enterprise profit.
The enterprise focus of those who run the BIADP tubewells, however, would appear
to be on their own farm businesses. As the BIADP sysiem seems to have the power
to enforce a high degree of payment of its tubewell charges (unlike the rental
tubewells), it is possible that BADC has sufficient influence in the BIADP wells to
control the level of fee collected by the local tubewell management groups.

If this is the case, then the local tubewell management of BIADP wells would have
little scope for appropriating much in the way of profits. They would do better to try
to maximize returns from their own farms, perhaps by concentrating water deliveries
on a much smaller command area (including their own land) than would be the case
if the tubewell enterprise was their focus. This they seem to have done. The enterprise
focus (tubewell versus farm) of tubewell managers may explain part of the difference
in irrigation coverage (and yield) between types of systems.

CONCLUSIONS

This paper has summarized some of the findings of several different studies. Three of
these have focused on command area utilization, yield, and equity under various
irrigation systems or management changes. Another study has concentrated on
irrigation {zes in all of the systems. Common to all of these studies is the role of farmers
and farmer managers (or “owners”) in making decisions, in cooperating (or not), or
in just reacting to the opportunities created by the actions of others. Inclusion of
farmers in the operation of the G-K rotation scheme seems to have been associated
with the success of that program. Increased farmer cooperation was to have been a
driving force in the NBTP minimum irrigated cropped acreage program but as the
MICA rule could be easily circurnvented with false water demand indents, that
cooperation was never elicited. 1.1 the Rajshahi area most wells are dominated not by
the irrigation agency but by one farmer or a few of them who are de facto cwners. It
is these farmer managers, in reacting to the opportunities before them, who determine
the irrigation performance of their tubewells. In the case of fee collection it again
seems to have been farmer involvement in fee setting and collecting that has helped
determine success or failure,
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More rescarch is needed in all of these areas, as noted in the individual subject
discussions presented earlier in this paper. As Bangladesh moves further into the
privatization of its small-scale irrigation systems, the participation and behavior of
farmers and farmer/manager/"owners” will become more and more important to
performance, pariicularly to the nature of command arez. and utilization, a priority in
the nation’s irrigation program.
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CHAPTER 7

Issues in Conjunctive Management of
Groundwater and Surface Irrigation Systems
in Punjab, Pakistan: An Initial Assessment

Robert L. Johnson and Edward J. Vander Velde

ALTHOUGH THEY ARE much less readily visible (and often less frequently recognized)
than the huge network of canals commanding 14-15 million hectares (ha) of the Indus
Basin, groundwater irrigation systems have become a major, even critical, component
of Pakistan’s contiguous irrigation environment. Over very large areas, the surface
irrigation system is supplemented by extensive public and private sector groundwater
development. Where groundwater is of suitable quality and is readily available, both
large public tubewells and rapidly expanding private tubewell development augment
surface irrigation supplies. There are now more than 15,000 deep, vertical drainage
public tubewells throughout the Indus Basin. Mostly organized in Salinity Control and
Reclamation Project (SCARP) areas, these tubewells are operated by the provincial
irrigation departments, but under units separate from those that administer the surface
irrigation system. The number of shallow private tubewells owned and directly
operated by farmers has increased rapidly in the past decade and now certainly
exceeds 250,000.% Overall, it is estimated that 40 percent of the irrigation water
currently available at the farmgate is derived from pumped groundwater, three-
quarters of which is from privately owned tubewells.

The resulting irrigation environments can perhaps be best characterized as ones
where de facto conjunctive use of surface water and groundwater irrigation systems
predominate. However, the ways in which current private and public tubewell
operations intersect with canal system operations in these environments, complemen-
tary to or even conflicting with each other, remain poorly understood. There is still
in Pakistan a marked absence of reliable, current, empirically based information on
private tubewell location, discharge, service area and hours of operations, and virtually
none organized on the basis of a major hydrologic or surface irrigation unit, such as
a distributary command. In the case of public tubewells, while their locations are well-

% See Robert Johnson, Private Tube Well Development in Pakistan'’s Punjab: Review of Past
Public Programs/Policies and Relevant Research (1M1 Country Paper-Pakistan No. 1, 1989) for
a recent summary review of past government programs aimed at stimulating private tubewell
development, as well as emerging issues in this irrigation sector.

/IS
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known, recorded data of their discharge, operating times and command area have
become increasingly suspect.

Not surprisingly, then, the relative proportions of publicly and privaiely pumped
groundwater that are combined with surface water by farmers to meet their crop water
requirements, in different seasons and for different crops in a canal command, are
largely unknown. How do these proportions vary spatially over an entire distributary
or canal system command? To what degree, if any, do public and, perhaps more
importanty, private tubewell operations compensate for the observed variability and
inequity in the distribution of surface supplies? These and related questions of
groundwater quality, public tubewell turnover and farmers’ access to private tubewell
water are the foci of IIMI research begun in January 1988 on groundwater irrigation
systems and their interactions with surface irrigation systems in a distributary command
of the Lower Chenab Canal system.

THE RESEARCH LOCALE: CONTEXT AND DATA

The site chosen for initial research activities on groundwater systems was the Lagar
Distributary command in the Lower Chenab Canal system where previous field work,
focusing upon distributary-level canal performance, had already demonstrated that
public and private tubewell development were significant components of the overall
irrigated agricultural system. The research locale is wholly within a part of the SCARP
I project area, the first Salinity Control and Reclamation Project to be established in
Pakistan, in 1960-61. Part of the distributary command traverses the area of the older
FAO-assisted Chuharkana public tubewell scheme, one of several early deep tubewell
projects in Punjab that led directly to the decision to embark upon the SCARP.

More than 30 operating SCARP I tubewells, as well as Rasul and FAO wbewells
(virtually all of which are rebores of previously existing public tubewells), are situated
within Laga:’s gross command area of 7,465 ha. These wells are under the operational
control of the Punjab Irrigation Department (ID) and are located within the
auministrative boundaries of one or another of three different tubewell subdivisions,
all of which overlap some part of the ID's Farooqabad (canal) Sub-Division. A portion
of one ID tubeweil subdivision, Khanqah Dogran Sub-Division, is the site of the SCARP
Transition Pilot Project, the initial effort in a Federal program to turn public ubewells
over to the private sector.

With respect to irrigated agriculture patterns, the research locale is situated in
Pakistan’s rice-wheat agroecologic zone. Rice, especially basmati rice varieties, is the
predominant crop cf choice in the kbarif (summer, monsoon) scason, and wheat
dominates the winter and drier rabf season to an even greater extent. Fodder crops
are an important component of the total cropping pattern throughout the year. All
crops are grownunder irrigated conditions with water supplied variously from surface,
public tubewell and/or private tubewell systems.

The first step in this research was to plan and implement a tubewe!l census that
covered all of Lagar Distributary command. Data from this census were compiled on
a watercourse command basis and they included the specific location of the tubewell
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(using the unique square and kflanumber assigned to every field in the landownership
record), the type of tubewell (electric, diesel, or tractor power takeofl), its age and
operational status, and other supplementary information. Completed in early 1988, the
initial Lagar tubewell census has been updated by periodic resurveys. This is the first
time in Pakistan that a census of private tubewells has been organized for the whole
of a large operational unit of the surface isrigation system. Similar censuses were also
completed infour IIMI sample watercourses in the neighboring Mananwala Distributary.

The census results provided the basic sampling frame for a program to monitor the
operations of all private tubewells in each of four watercourse clusters within Lagar
Distributary command. One group of three watercourses, plus an intervening area
commanded only by a public tubewell, represents the top-end of the distributary; a
second cluster of four watercourses is in the middle reach of the channel; a third cluster
of four watercourses is at the tail; lastly, a group of three watercourses is in the
command of Jhinda Minor, a small channel offtaking from Lagar about half-way down
the main distributary. All operating public tubewells in Lagar Distributary command
were also included in the monitoring program which began in mid-1988.

The Irrigation Research Institute (IRI) of the Punjab Irrigation Department joined
IIMI in these research activities in late kharif of 1988, in a measurement program (o
determine tubewel! discharges, drawdown, horsepower, and water quality of all
tubewells, public and private, that are being monitored. Discharges of surveyed
tubewells have been periodically remeasured, using fluming and coordinale methods,
by IIMI field staff. Tubewell water quality was initially evaluated at the Department’s
Directorate of Land Reclamation (DLR); subsequent water quality analyses for
resampled tubewells have been done both by DLR and the SCARP Monitoring
Organisation (SMQO) of the Water and Power Development Authority (WAPDA).
Additionally, with IIMI support, IRl conducted a resurvey, in mid-1989, of the small
sample of private tubewells in Sheikhupura District first studied and subsequently
reported upon by the ID in the mid-1970s.

Tubewell operational data have been obtained by IIMI through several methodolo-
gies. Electric meters of operating public and private tubewells (many do not function
at all) have been individually calibrated and are periodically recalibrated for each
tubewell to determine the number of units recorded per hour of well operation.
Readings of these meters are then regularly recorded by 1IMI field staff, and operating
hours of those tubewells are determined through a simple arithmetic calculation.

Operating hours of other public tubewells and both electric and non-electric private
tubewells have been obtained by installing a simple vibration meter (similar to a
pedometer) to the discharge pipe or, in some cases, to the motor of the wells. When
operating properly, these meters give a direct reading of operational hours (within
+/- 3 percent) of the wbewell. However, in some instances, notably in the case of
clectric motors, well operation is so smooth that the meter does not vibrate sufficiently
to accurately record operating time.

Finally, for many private tubewells, owners are sysiemalically interviewed by IIMI
field staff to determine the time that their tubewell was operated the previous day. This
is done on a daily basis because, after several months cf interview, methodology
testing and independent verification, it was found that the accuracy of responses to
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questions on tubewell operations declined precipitously if the owners were inter-
viewed more than a day after the operation.?

A subsample of 45 private tubewell owners in head, middle, and tail watercourse
commands of Lagar Distributary was selected in order to identify and quantify the
determinants of private tubewell utilization at the farm level. After extensive field-
testing of research design and methodology during rabi, 1988-89, data collection for
this research was begun in the 1989 kharif season. Detailed water budgets have been
maintained for each tubewell owner's farm. Closely coordinated with this study, field
investigations were also begun in order to determine more accurately the accessibility
of private groundwater resources for those farmers who do not own tubewells. Results
from these activities are not available as yet since field work on them has only just been
concluded.

THE GROUNDWATER IRRIGATION SYSTEM WITHIN
A SURFACE SYSTEM

As of May 1989, 338 private operational tubewells and 37 public tubewells, of wi-ich
31 arc operational, were installed in the gross command area of Lagar Distributry.
Another 54 operational private tubewells and 4 operational public tubewells have been
identified in the four watercourse commands on Mananwala Distributary. All public
tubewells ar~ electricity powered using turbine pumps and have bores that are much
deeper, (about 90 meters [300 feet]), than those of private tubewells, which are at an
average depth of 30 meters (100 feet). Each public ubewell is ostensibly under the
operational control of an assigned tubewell operator, an employee in the ID's tubewell
operations wing. Mosl tubewell operators, however, are rarely at the wells for which
they are responsible, although public tubewell operational logs give the impression
that they are at the right places at the right time.

Tubewell Distribution

The census revealed that throughout Lagar command, there is an average of one
private tubewell per 22 ha of gross command area (GCA)?2 or one per 19.5 ha cultivable
command area (CCA). Expressed another way, there are about 45 private tubewells

7 That finding, verified through interviews with respect to several other agricultural activities,
has important methodological implications for the organization of much irrigation-related field
rescarch, at least in this arca of Punjab if not elsewhere in Pakistan.

* Watercourse gross command area (inclusive of irrigable area, nonirrigable area, settlement
area, ctc.) is used here, along with cultivable commard area or CCA (irrigable by surface
irrigation) because many tubewells were installed to serve areas that could not be irrigated by
the surface system and, hence, are not (or were not previously) classified as CCA.
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per 1,000 ha GCA or nearly 51 per 1,000 ha CCA. The density of tubewells in the smaller
Mananwala sample is somewhat higher than in Lagar Distributary command, with an
average GCA per tubewell of about 16 ha (or slightly less than one per 15 ha CCA).
These densities are about 50 percent greater than those indicated by the most recent
survey of private tubewells in this area, done as part of the feasibility study for the
SCARP Transition Pilot Project in 1984-85.

During the 1980s there has undoubtedly been an increase in the number of new
private tubewells in Punjab. Figure 7.1 shows this trend for Lagar Distributary
command based upon farmers' responses to questions about the year of tubewell
installation. The apparent growth rate in the number of tubewells also needs to be
balanced with data on the useful life and the proportion of new tubewells that
represent replacement of existing wells. These data are not now reliably available,
although a period of 7-10 years is frequently cited as the life expectancy of a private
tubewell. It also seems likely that private tubewell densities may have been

Figure 7.1. Growth of private tubewells: Lagar Distributary command.
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understated in recent studies because of difficulties in the accurate field enumeration
of tractor-driven wells, which constitute nearly one-third of all tubewells identified in
the IIMI census (Figure 7.2).%?

Tractor-driven private wells seldom appear to be those of farmer choice, but they
are especially interesting for several reasons. They have the lowest installation costs,
excluding the cost of the tractor, but the highest operating costs. Despite their high
operating costs, there are many locations where tractor-powered wells are the only
source of irrigation water for farmers, and, among all wbewells, the varicty of
arrangements among farmers for their operation is by far the greatest. These include
tractor ownership and ownership of one or several bores, tenant ownership of the bore
with the landowner providing the tractor, farmers sharing a tractor among their own
bores, farmers sharing a bore but each providing his own tractor, and bore-owners
renting tractor services.

The spatial density of private tubewells in each watercourse command of Lagar
Distributary is shown in Figure 7.3 and Figure 7.4. The data reveal no clear trend
toward an increase in private tubewell density between distributary head and tail, even

Figure 7.2. Private tubewells by power source: Lagar Distributary command,
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® Tractor-driven wells typically consist of a shallow hole at the base of which the bore is made
anda centrifugal punip is installed; a discharge pipe with a 90° bend then extends from this point
a half-meter or so above the surrounding land surface. When such crops as sugarcane, cotton,
wheal, rice or maize are approaching maturity, it is often impossible 1o sec such a well unless
it happens to be in operation at the time of observation. In previous government publications
and other references, no particular mention has been made of this category of tubewell.
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though distributary operations data demonstrate conclusively that surface supplies to
the tail reach are consistently less in quantity and greater in variability than are
deliveries to top-end watercourses. The possibility of such a relationship had been
conjectured by several observers. The 1988 Report of the National Commission on
Agriculture also specifically recommends incentives to encourage tail-end farmers to
use groundwater to “compensate for inequitics in the canal water distribution system.”
As will be discussed iater, there appear to be good reasons for the absence of this
pattern of tubewell distribution in Lagar command, as well as significant risks in
policies that may seek to encourage such a development.

Figure 7.3. Private tubewell density: Lagar Distributary command.
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Twenty-four of the public tubewells included in this study are part of the SCARP I
project area, either in Khanqah Dogran or Shahkot Sub-Division. Five of these wells
are no longer operational, including two in Khanqah Dogran that have been formally
turned off or abandoned as part of the SCARP Transition Pilot Project begun there in
1987. Generally, at least one public tubewell was installed in every Lagar Distributary
watercourse command, typically located very near to the outlet so that its discharge
could be combined with that of the surface system at the watercourse head for
distribution throughout the command. Interesting exceptions to this pattern are found
bothin Lagar Distributary and in other distributary commands in SCARP, but they tend
to complicate any detailed analysis of present public tubewell operations and water
use within a hydrologic unit.

This pattern of layout of the public groundwater irrigation system — the principal
objective of which was more to manage the water table than to provide irrigation
supplies — was not without significant problems (e.g., those resulting from the
mismatch between design watercourse flows and greatly enhanced average water-
cousse flow conditions). However, the use of the existing surface watercourse system
to distribute public tubewell water to farmers meant that the existing equity principle
of access to public irrigation water could, by and large, be maintained through the
warabandi system, wherein an equal unit of irrigation time is allocated to each unit of
irrigable area in the watercourse command. After more than 25 years of farm-level
experience with, and accommodation to, the de facto conjunctive operations of public
surface and groundwater systems in which the equity principle has been operative,
there is substantial concern that equity in access to groundwater will not be sustained
as public tubewells are replaced by increased private development of groundwater.

Tubewell Discharge and Installed Capacity

For selected watercourse command areas along Lagzr Distributary, more detailed data
has been collected on both private and public tubewell discharges, depth to water
table, and drawdown. Initial measurements were done by IRI on virtually one-half of
the private tubewells in the area, and these have been supplemented by subsequent
IIMI field observations and measurements.

Average discharge of private tubewells in Lagar command is about 30 liters per
second (I/s) ranging between a low of 8.51/s and a high of 53.51/s. There is only slight
variation and no discernible spatial pattern in these values between watercourse
commands. The average discharge value is also basically the same as had been
previously reported by IR, based on their Punjab-wide surveys of private ubewells
in the 1970s. Public tubewell discharge ranges between a little more than 9 I/s and
nearly 110 I/s, averaging about 57 I/s. This average is considerably below the
85 1/s and 113 I/s design discharge for SCARP I tubewells.

Using the average values to estimate for all operating private: and public tubewells
in Lagar command, the total instalied operational tubewell czpacity here is slightly
more than 12 cu.m/sec. Public tubewells represent roughly 1.75 cu.m/sec or only
about 15 percent of this installed pumping capacity. By contrast, the sanctioned full
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supply discharge for Lagar Distributary is only 1.08 cu.m/scc, less than one-tenth of
the current installed tubewell capacity in its command. In reality, of course, the
differential in the actual sources of total irrigation water supply is by no means so great,
since tubewells, especially private ones, operate in much less of the available time than
does the canal system.

THE USAGE OF TUBEWELLS

Public Tubewell Operations

Field measurement and observational data on public tubewell operations in Lagar and
Mananwala watercourses for a 12-month period covering mid-1988 to mid-1989,
provide considerable insights into operational patterns and problems. A high degree
of variability in public tubewell operations between months is very evident (Figure
7.5).% Maximum levels of operation were encountered in September and Oclober,
undoubtedly reflecting both the overlapping of kharif scason and rabi scason irrigation
demands, especially to finish the rice crop in the former case and to meet pre-sowing
irrigation to raise soil moisture to ficld capacity for wheat in the latter case; these levels
of operation also reflected the lower probabilities of significant rainfall in these months
when evapotranspiration rates were still relatively high.

Figure 7.5. Public tubewell utilization between monihs: Lagar Distributary command.
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¥ Field data have been adjusted as much as possible to reflect accurately the effects of
equipment failures both in the tubewells themselves and in the electric meters used to determine
operational time, the impact of electric power load shedding, and variable calibration factors
resulting from changes in a multitude of environmental conditions (c.g., falling water tables,
slow motor deterioration, slow bore failure, meter replacement, motor rewinding, ctc.).
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The months of least public tubewell operations were December and January, when
they operated less than one-half as much as in the peak months. December and
January were also the months when potential evapotranspiration (PET) was lowest.
Although most farmers attempt to give the critical first irrigation to rabi wheat in
December, usually in the second or third week, the public wbewell system is not
“pushed” to deliver water so long as the surface irrigation system is cffectively
operational and some rainfall has occurred.

Such a conjunctive relationship is largely confirmed by conditicus observed in
February, the third highest month of public tubewell operations measured. In rabi
1988-89, February also coincided with the closure of the canal in Farooqabad Sub-
Division for annual maintenance. While PET was still at a low level — calculated at
2.3 mm/day for February 1989 in Lagar command — public tubewell operations were
nearly twice those of the preceding two months as farmers sought to give their wheat
crops a second irrigation when the surface irrigation system was not functioning.

For the “best” public tubewells in Lagar command (i.e., those that have been
inoperable less than one month throughout the year, due to equipment failure), the
average annual utilization rate is nearly two-thirds of the available hours. When power
system load shedding is accounted for throughout the year, however, the average
annual utilization rate rises to three-quarters of the available hours.

When the location of these public tubewells is examined in relation to the
distributary system (Figure 7.6), a gradual though distinct trend toward greater public

Figure 7.6. Public tubewell utilization according to location: Lagar Distributary command,
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tubewell utilization is evident from head to tail. This trend is strongly associated with
the pattern of marked decline in water deliveries by the surface system to outlets from
distributary head to tail. Thus far, however, based upon currently available electricity
feeder data, it remains unclear whether or not the impact of load shedding schedules
has caused a spatial bias in the distribution of public tubewell water within watercourse
commands.

Overall there is growing evidence that public tubewells, at least in Lagar command,
in fact, constitute a farmer-managed irrigation system. In addition to largely
determining their operating hours (e.g., by directly turning public tubewells on and
off, or directing the activities of tubewell operators who, without exception, insist they
cannot ignore farmer “demands” for fear of retaliation, physical or otherwise), farmers
commonly organize to secure the maintenance of publictubewells. Farmers regularly
scarch out the ID wbewell maintenance crews to directly negotiate tubewell repairs,
organize transpori to move them and their equipment from one site to another, provide
mealsand otherincidentals to crew members, and pool funds to purchase needed parts
or to influence key officials. In short, farmers do whatever is nccessary 1o get an
inoperable public well functioning again, provided it is still possible to do so.

Private Tubewell Operations

Preliminary analyses of private tubewell operational data in Lagar command reveal
their average annual utilization to be about 12 percent. Based upon installed
capacities, this means that for the period for which direct comparisons can be made
— at this time, only the last half of 1988 — private tubewells pumped about 15 percent
more water than did public tubewells. Moreover, the combined pumping of publicand
private tabewells from the aquifer underlying the command area yiclded water
sunplies (fur farmers Lo irrigate crops throughout the command area) that were slightly
more than deuble the design [ull supply discharge for Lagar Distributary. This
highlights the extremely important role groundwater now plays in the system of
irrigated agriculture in Lagar command.

Most importantly, the data show that there are distinct differences between the ways
that private clectric, diesel, and tractor-powered pumps are used. Electric tubewells
operated during nearly 27 percent of the available time, a utilization rate almost 3.5
times greater than for diesel pumps and more than 10 times the rate for tractor-powered
pumps. In short, private electric tubewells are used much more intensively than are
cither diesel or tractor-powered tubewells. As yet, there is insufficient data to draw
firm conclusions about the causes of this pattern of private tubewell usage, but ficld
observation and interview information suggest several plausible reasons for it.

There is some evidence that clectric tubewells have more owners, or that their
ownership is shared more widely than for other tubewell types. Hence, the average
command area per private electric tubewell is greater than for other types of wells. Less
certain at this time is whether or not electric tubewell owners use more waler per unit
area, either by planting crops that require more walter or by irrigating the same crops
with more water.

Electric wbewell owners also apparently sell more water than do other tubewell
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owners and they do so at lower costs per hour. Complementary observations suggest
that wherever non-well owners have an option to choose between tubewell types
when they need to buy water, electric tubewells are more frequently chosen. Many
clectric tubewell owners pay flat rate power charges which, in fact, is one incentive
offered to stimulate further private tubewell development in the SCARP Transition Pilot
Project area. Most other electric tubewell owners pay de facto flat rate power charges
becausc their electric meters which were originally calibrated to show correct readings
have been tampered with so as to show lower readings. Thus the actual cost of
pumping groundwater for clectric tubewell owners is a good deal less than the costs
encountered by owners of diesel and, especially, tractor-powered tubewells,
Finally, current evidence indicates that private tubewell utilization, especially for the
most intensively used types (clectric and diesel-powered), is somewhal sensitive to the
quality of groundwater being pumped. Private wells that pump good to marginal
quality groundwater are worked at least 33 percent more intensively than those where
grcundwater quality is poor, except in the casc of traclor-powered wells. That finding
alsotends to confirm the observation that tractor-powered wells fill a more site-specific
niche in the overall irrigation system, as sources of water 1o fill recurrent gaps between
supplics and demand rather than as farmers’ primary sources of irrigation water.

THE QUALITY OF TUBEWELL WATER

Certainly the most unexpected and immediately significant findings thus far from
rescarch on tubewells in Lagar Distributary command concern the quality of
groundwater being pumped and used for irrigated agriculture.  Although the
distributary traverses an area that is commonly referred to as a “fresh groundwater
arca,” the majority of tubewells, and notably private tubewells, pump water that is of
marginal quality or unfit for agricultural purposes based upon the standards used by
the Dircectorate of Land Reclamation (DLR) of the Punjab Department of Irrigation to
classily groundwater quality.® This condition is shown for several standard measures
of groundwater quality in Figures 7.7 through 7.10.

" Groundwater quality standaids for detesmining the “fitness” of water for agricultural
purposes has been a subject of considerable debate in Pakistan for the past three decades. It
is fair to say that there is not, as yet, a commonly accepted standard here. In fact, at least three
different ranges of values for such measures of water quality as EC, RSC, and SAR have been
adopted by the Punjab Department of Agriculture (Soil Fertility Directorate), the Directorate of
Land Reclamation (DLR) of the Punjab Department of Irrigation, and the SCARP Monitoring
Organization (SMO) of the federal Water and Power Development Authority (SMO) for
determining whether or not water is “fit", “marginal,” or “unfit” (hazardous) for agricultural
purposes. When these classificatory terms are used here, they refer to the standards adopted and
used by DLR, which are as follows:

Fresh Marginal Hazardous
EC: < 1,000 1,000 - 1,500 > 1,500
SAR: < 125 1.25 - 250 > 2.50

RSC: < 10 10 - 15 > 15



Figure 7.7. Private tubewell water quality - EC: Lagar Distribulary command,
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Figure 7.8. Private tubewell waler quality - RSC: Lagar Distributary command.
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Figure 7.9. Private tubewell water quality - SAR: Lagar Distributary command.
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Figure 7.10. Private tubewell water quality: Na & Cl: Lagar Distributary command.
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Interestingly, and contrary to a widespread perception of the relalive quality of
groundwaler pumped by public and private ubewells, the average quality of water
pumped by shallow private tubewells in different Lagar watercourse commands is not
as good as that pumped by the corresponding public wbewells in that command
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(Figure 7.11), despite the much deeper bore and greater age of public wells.”? This
finding has particularly important implications for policics and programs that
encourage further privatization of groundwater development as an alternative to
continuing government operations and maintenance of public tubewells, such as the
SCARP ‘Transition Pilot Project currently underway in this locale.

Conventional “wisdom” in Pakistan is that ir: addition to releasing the government
from the heavy burden of increasing O&M costs, the shift from deep public tubewell
waler to water pumped by shallow private tubewells will bring about an overall
improvement in the quality of groundwater used by farmers in any given watercourse
command. The evidence from Lagar Distributary command strongly suggests that this
mdy not occur in many Cascs.

Figure 7.11. Private and public tubewell water quality: Lagar Distributary command.
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Most ominously for tail-end farmers already struggling with poor surface water
deliveries, there is also a strong trend of delerioration in groundwater quality between
the head and the tail of Lagar Distributary, as is evident in Figures 7.7 through 7.10.

311t is not at all clear why the perception that shallow groundwatcer is “swecter” (better) than
deep groundwater should have gained such widespread currency in Punjab and Pakistan.
Analysis of test bore data for Rechna Doab, the area beween Ravi and Chenab rivers, maintained
by WAPDA showed that as early as 1960, the majority of test bores sunk within the Doab had
confirmed that the quality of shallow groundwater — aquifers tapped by the typical private well
~ was usually worse than the quality of decper groundwater tapped by public tubewells.
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The deterioration appears to be closely related to how far different watercourse
commands along the distributary are from Upper Gugera Branch. The consequence
of this condition, of course, is to exacerbale the existing inequity of access to surface
water supplics of tail-end farmers. When these farmers compensate for inadequate and
unreliable surface water by using pumped groundwater, they must also do so with a
poorer quality water than is found in the top-end watercourses of the distributary.

CONJUNCTIVE USE OF SURFACE WATER AND GROUNDWATER

Agency-planned, coordinated or managed conjunctive operations of surface and
groundwalcr irrigation systems do not exist in Punjab, and they have in fact been
resisted for a variety of reasons (e.g., the “lack of flexibility and control in the gravity
surface system,” the absence of reliable information, inadequate communication
systems, clc.). Nonetheless, there is substantial evidence that whe.e both systems
coexist, farmers have developed their irrigated agriculture based upon the conjunctive
use of surface and groundwater supplies. As noted above, in the case of both public
and private tubewells, the groundwater irrigation system in Lagar Distributary
command is substantially under farmer control and management, albeit in the absence
of any apparent overarching institutional arrangements to coordinate operations or (o
solve problems over extensive areas.

In the present environment, the surface system appears 1o be essentially a passive
source of differential water supplies. Virtually everyone understands that location
largely determines the amount of water and degree of service that can be expected
from the canal sysiem, and little can be done to physically change one’s locational
advantage. Morcover, farmers also know that even under the best of ali possible
operating conditions, it would be impossible for the surface system 1o supply the
amounts of water necessary (o sustain the present remuncrative cropping patterns that
emphasize sugarcane and fodders throughout the year, rice in kharif and wheat in rabi,
at annual cropping intensities in excess of 100 percent of the command area.

Thus, the canal system remains the “floor” for contempotary irrigated agriculture in
much of Punjab, but it is quite a different floor than what it once was. No longer is

¥ This main canal is never more than 5 or 6 kilometres cast of Lagar and it begins to assume
an alignment roughly parallel to the distributary about 6 kilometres downstream from its head.
The assumed relationship is based upon the observation that the decline of private tubewell
walter quality for watercourse commands on the southeast side of Lagar (closer to UG Branch)
is less rapid than on the northwest side of the distributary. It is alse based on the assumption
that UG Branch and the QB Link Canal, parallcling it immediately to the cast and generally
carrying more than 500 cu.m/s, are the primary sources of aquifer recharge in the Lagar
command area. A decline in the absolute level of the water table both with increasing distance
from UG Branch and proceeding down Lagar Distributary also strongly suggests groundwaler
movement in this direction.
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itthe “floor” in the late 19th or early 20th century sense, protecting vast areas from crop
failure and consequent famine conditions. In the late 20th century, the canal system
has become the “floor” in the sense of a foundation upon which the present agriculture
system for much of Punjab is constructed. In this context, it is now the groundwater
system of both public and private tubewells which is actively operated and managed
to meet crop needs. The result, now clearly discernable in Lagar Distributary command
is a number of small-scale, relatively discrete de facto conjunctive operation-and-use
environments.

Data now permit an evaluation of irrigation water sources for an entire crop season
for several different watercourse commands located along Lagar Distributary (Figure
7.12). They demonstrate that from head to tail, canal water supplies provide a
decreasing fraction of the total water available to, and used by, farmers. Even in the
most locationally advantaged watercourse command, 1R, surface water provided only
slightly more than 50 percent of the total amount of irrigation water used by all farmers,
In the two most distant watercourse commands served by Lagar, surface water
constiluted no more than 10 percent of all irrigation water used in the season.

Figure 7.12. Irrigation water sources: Rabi 1988-89: Lagar Distributary command.
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¥ The range of variation of irrigation water sources used by individual farmers within different
Lagar watercourse commands is not yet known.
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Conversely (Figure 7.13), there is an equally strong trend of increased reliance upon
tubewells, differentially public and private, for irrigation supplies from head to tail
along the distributary. In one tail watercourse command, only pumped groundwater
and rainfall sustain the agricultural system, and a very large fraction of the former
(Figure 7.12) is derived from private tubewells. The proportion of irrigation water
contributed by the groundwater system clsewhere in the il is also very large in
comparison to proportions in other locations along Lagar, with one significant
exception.

Watercourse command 2R is located advantageously in relation to the head of the
surface system. It also has the advantage of a paved road that bisects the command,
and it contains a large expanse of formerly undeveloped land that was too high to be
served by the canal system. Over the past ten years or so, there has been
entrepreneurial development of these lands by leascholders using water from
tubewells that they have iastalled for intensive cultivation of horticultural crops for sale
to ncarby urban markets. Nearly 80 percent of the irrigation water used in this
command in rabi 1988-89 to sustain two successive vegetable crops came from private
tubewells, the largest concentration found in any Lagar watercourse, all but one of
which was in place before the public tubewell was disconnected as part of the SCARP
Transition Pilot Project. In this watercourse command, conjunctive use means an
interdependent coexistence of systems where tubewells always supply water to
farmland that cannot be served by the surface system, and sometimes supply water
clsewhere in the command area to supplement shortfalls in surface supplics.

Figure 7.13. Proportion of irrigation water contributed by twbewells: Lagar Distributary
command.
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Private tubewells supply very nearly the same proportion of water for irrigated
agriculture in watercourse 20R, virtually at the tail of the canal, as at 2R, but the crops
grown there are marked!y different. Wheat, not vegetables, is overwhelmingly the rabi
crop, along with a small amount of fodder. The public tubewell in this command too
was abandoned by the ID several years ago because it was considered irreparable,
Farmers here continue to complain bitterly about its loss, because they claim that the
walter it pumped was of a much better quality than can be obtained now from their
shallow tubewells. In this watercourse command the surface system is much more
significant than the mere one-quarter of irrigation water that it supplies would indicate.
Conjunctive use here commonly means interpenctration, mixing cven small quantitics
of surface water with pumped groundwater to reduce the impact upon crops of the
higher salinity of the latter.

The resulting relative water supply (RWS) couditions for different patierns of
conjunctive use of surface and groundwater systems in these watercourse commands
(Figure 7.14) suggest that in the aggregate, farmers aim for a relatively comfortable
condition between 1.5 and 2, whether at the head of the distributary or the tail. While
this is consistent with findings in irrigated agriculture systems elsewhere in South and
Southeast Asia, these results still need to be considered as tentative and approached

Figure 7.14. Relative water supply: Rabi 1988-89: Lagar Distributary command.
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with some caution.® Nevertheless, the strikingly similar RWS values for three Lagar
watercourse commands, 1R, 9L and 22TF (head, middle and tail, respectively) are
noteworthy.

At the tail, irrigation water is solely from tubewells, two-thirds of which is pumped
by the private sector. In both 1R and 9L, only about 15 percent of all irrigation water
is from private tubewells, and the public irrigation system -— canal plus tubewell —
supplies virtually all other irrigation water. This suggests that even when the total
irrigation environment of surface and groundwater systems is evaluated, there remains
substantial inequity (by a factor of 4 to 5) between tail-end and head-end areas in terms
of access Lo the publicly provided water resource.

CONSEQUENCES: POLICY IMPLICATIONS AND OPTIONS

Enough is now known from [IMI's research on groundwater and surface irrigation in
Farooqabad Sub-Division of the Lower Chenab Canal system to permit an initial
consideration of some management options that have potential to enhance overall
system performance, and to permit identification of several issues with significant
implications for irrigation sector policies. This paper concludes by beginning that
process.

Management Potentials

Moving from an environment of many separate de facto conjunctive use operations
to a more interactive and coordinated conjunctive management of surface walter and
groundwater systems is likely to be a lengthy and difficult effort. Nevertheless, there
exist some apparent starting points for the process, beginning with two periods of the
year when it is essential that public ubewells operate at their maximum capabilities
to compensate for known, or very likely, disruptions in surface water supplies.
Although efforts are made to schedule the annual closure for canal maintenance in
rabi, it does not necessarily mean that during the months of minimum potential
cvapotranspiration (PET) most crops will not require an irrigation during this period,
particularly given that closure periods extend for more than three weeks over many

¥ Qverall, the RWS values presented here are approximate in the absence of other critical
or more reliable data. In calculating RWS for the 1988-89 rabi scason, the official calendar season
(15 October through 14 April) was used; irrigated area data were from official records (there
is some reason to be circumspect about their accuracy) and area planted to different crops was
unknown; adjustments could not be made for water distribution inefficiencies and losses
beyond the watercourse head or the tubewell discharge pipe; rainfall was assumed to be equally
distributed throughout the distributary command (although observation indicates this is ofien
not the case). Thus, for example, the true RWS value for 2R is likely to be rather lower, since
about half the area is planted to two crops that span the rabi season and another two to four
weeks on either side of it.
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distributary commands and that this is the season of maximum planted area. Insofar
as the annual closure is scheduled in advance by the Irrigation Department (ID) after
consultations with WAPDA and the Agriculture Department, it ought to be a relatively
simple matter for the 1D to ensure that wherever public tubewells supply irrigation
waler, they are in the best possible operating condition. In short, a modest effort to
target the expenditure of maintenance funds is more likely to achieve system
performance improvement than the ad hoc procedures currently being followed.
Similarly, since all public tubewells are electric-powered, WAPDA should target feeder
line O&M to public tubewells for the same period. Also, if load shedding operations
are mandated, they ought to be staggered or rotated so that the same wells are not
turned off for the same period every day, every week, which is the current pattern for
every WAPDA-mandated load shedding schedule.

The second period of opportunity occurs during kharif and, although perhaps less
predictable, it, too, is well-known. During the monsoon or rainy season portion of
kharif, canal flows are commonly reduced in resnonse to river conditions to prevent
heavy silt accumulations in the main and secondary channels. July, August and early
September are the times when these actions occur, a period when crop water
requirements are below peak levels but are still very high. Again, added stress often
is placed upon public wubewells to make up surface system short-falls, and an
organized effort to ensure their continued operations is especially likely 1o benefit the
agricultural system. There is no evidence that this is currently done, nor any suggestion
that it could not be done.

With respect to the surface irrigation system, there is a complement to the options
that focus on the public tubewell system. In May and June, especially (the months of
maximum temperatures throughout the Indus Basin), WAPDA's clectric supply system
is stressed beyond capacity. All availabl: evidence confirms that this condition will
worsen over the next few years before it improves. This is a period of maximum
scheduled 1nad shedding for the power supply system. Therefore, it is logical that at
this time additional emphasis should be placed upon maximizing efficient canal system
operations in order to compensate as much as possible for disruptions in the
operations of public tubewells and eclectric-powered private tubewells. Canal
operations data for Lagar Distributary in kharif 1988 demonstrated that sustained levels
of near-design discharges in May are possible, and one consequence then was a
minimum level of head 1o iail inequity in surface water supplies. This could also take
the form of increased maintenance patrolling, to ensure that weak points in the system
arc promptly reinforced before breaches occur, and to discourage, if not completely
prevent, water theft. The more frequent presence of canal operations officers in the
field at this time is an obvious adjunct to such efforts.

Irrigation Sector Policy Implications
With respect to efforts to develop an effective program of turnover of public tubewells

lo the private sector, there are several reasons Lo reconsider the current strategy
embodied within the SCARP Transition Pilot Project. Most worrisome is the prospect
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that the replacement of public tubewells pumping from deeper aquifers by private
tubewells pumping from shallow aquifers will result in an overall decline in the quality
of irrigation water available in the current agricultural system. The impact of such a
development, particularly upon the sustainability of irriga:~~ 1griculture, can only be
guessed at, but it is highly unlikely to be positive.

Also of concern is evidence that private electric tubewells are used much more
intensively than other private tubewells whereas, until now, a 12 percent utilization
factor was assumed to be applicable regardless of power source. A turnover strategy
which incorporates incentives and subsidies that directly encourage an increase in the
numbers of electric tubewells seems certain to add greater stress than anticipated to
an already overloaded power supply system.

In fact, tubewell densities throughout Lagar Distributary command strongly suggest
that special incentives and subsidies to encourage private tubewell development are
simply not necessary. Indeed, it is likely that in many areas, the installed capacity of
private tubewells is already more than sufficient to compensate for the termination
capacities of public wells so long as equity considerations are not an issue.

Public tubewells, however, are still supplying substantial proportions of the total
amount cf irrigation water that farmers use in a large number of locations. This is done
under a long-accepted cquity principle. Terminating public tubewells will therefore
almost certainly have important equity implications for many farmers, especially for
those without ready access to private water supplies. The absence of a significant effort
toaddress this issue in the current pilot turnover strategy is cause for genuine concern.

Calls for policies that would encourage further private tubewell development in the
tail-end areas of distributaries, as a way of compensating for inequities in the surface
water distribution system, may not be warranted if the spatial pattern of water quality
deterioration for private tubewells pumping from shallow groundwater aquifers in
Lagar command is a more widespread phenomenon. Atthe very leastthere isan urgent
need for a province-wide study in Punjab to evaluate shallow groundwater aquifer
conditions and behavior in greater detail. Sources and rates of recharge, in particular,
need to be accurately determined so that while they can be protected, water table
drawdown from tubewell operations can also be sensibly regulated.
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CHAPTER 8

Salinity in Punjab Watercourse Commands
and Irrigation System Operations

Jacob W. Kijne and Edward J. Vander Velde

FOREWORD

FIELD RESEARCH SPECIFIC (0 *Managing Irrigation Systems to Minimize Waterlogging and
Salinity Problems,” an HMI Pakistan project financially supported by the Government
of the Netherlands, was formally initiated in 1989. An initial phase of detailed field
research in selected canal system commands in Punjab and Sindh provinces will be
followed by a second phase in which recommended manzgement interventions are
ficld-tested in action during the five-year life of the project. In Punjab, it has been
possible to organize and implement a substantial portion of the primar, research phase
in conjunction with the field activities of other 1IMI Pakistan projects, facilitating the
sharing and wider usc of more generic irrigation system data and information
resources, and avoiding costly duplication of effort. Most importantly, it has made
possible the integration of a range of primary data, analyses, and initial findings on
irrigation system operations and performance across distributary canal commands, the
large hydraulicunits which constitute the Indus Basin irrigated agriculture system. This
paper reports the preliminary resulls of that joint research effort.

Interestingly, while the technical objectives in the project paper call, inter alia, for
reliable ficld data to quantify the relative contributions of the several possible sources
of waterlogging, no such requirement for primary ficld data to quantify the sources of
(sccondary) salinity was included in the original project design. Possibly the effects
of walerlogging were assumed to 12 far more scvere than those of salinity on
produclivity of irrigated agriculture in Pakistan. More likely, there was inadequale
recognition of the degree to which such salinity in Punjab is now disassociated from
walerlogging.  Also, in Pakistan generally and the Punjab especially, the absolute
incidence of walerlogging has been greaty reduced, first by the installation and
operation of public sector deep (“drainage”) tubewells through the Salinity Control and
Reclamation Project (SCARP) programs and, morce recently, as a ¢onsequence of the
rapidly growing cxploitation of groundwater for irrigation by private sector shallow
tubewells, which are now estimated to exceed 280,000 units.
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The pioject paper also specified that IIMI's research will focus cn “the irrigation and
drainage environment conditions of incipient (and, as yet, not apparent) waterlogging
and salinity problems,” and two field research locales were anticipated for this
purpose; onc cach in Punjab and Sindh.*

In Punjab, where 1IMI-Pakistan was alrecady conducting rescarch on canal system
performance and constraints on irrigated agriculture below the outlet in selected
distributary commands of the Lower Chenab Canal (LCC) system, the choice of ficld-
rescarch sites was no' based on any knowledge of incipient conditions of salinity or
walerlogging. Indeed, in ecarly 1989, conventional wisdom in Water and Power
Development Authority (WAPTIA) and other irrigation and agricultural agencies was
that groundwater in Farooqabad Sub-Division in the Upper Gugera Branch command
was generally of good quality ("sweet” or “fresh™), but moderately to strongly saline
throughout much of Bhagat Sub-Division in the Lower Gugera Branch command.
Subsequent 1IMI field surveys confirmed that water tables were commonly more than
three meters (3m) below the soil surface in both locales, and standing water in low
arcas around Pir Mahal wis the result of surface ponding rather than high water tables.

These conditions did not, however, invalidate cither command area within the LCC
system being appropriate sites in which to address key salinity issues. Preliminary
analyses of various ficld data being collected for IIMI's research on the conjunclive
management of surface water and groundwater systems were alrecady beginning to
reveal unrecognized, even largely unanticipated, salinity problems, first in Farooqabad
Sub-Division and later in Bhagat Sub-Division. The work of R. L. Johnson, an [IMI
rescarch fellow who conducted a study of latent groundwater demand in part of
Farooqabad Sub-Division, was of particular importance in this respect.”’

This report is based upon primary field data collected in watercourse and distributary
canal command arecas of both rescarch locales — Farooqabad and Bhagat Sub-
Divisions — without a strict separation between the two sites. Our rationale for this
approach is that, in terms of tubewell water quality and the problems of secondary
salinization, both arcas present a very similar picture.  Although a more detailed
understanding is currently available for conditions in Farooqabad, because data
collection began carlicr there than in Bhagat, enough is already now known about the
widespread and increasing reliance in Bhagat upon tubewells that are pumping
marginal or poor quality water to conclude that our findings have more than localized
implications. Moreover, the factors that we hypothesize are causing or intensifying
secondary salinization problems which will require new, environmentally sophisli-

% Because of serious law and order problems throughout much of.rural Sindh since
September 1989, it has pot been possible to initiate the substantial ficld-research program that
has been planned there. However, in collaboration with the Soil Survey of Pakistan, a
reconnaissance survey of soil conditions in the command of the Hasan Ali Branch canal in the
Fuleli Canal system (near Hyderabad) has been underway since March 1990, and the tabulation
of official data with irrigation and agriculture agencices was begun in early July.

% Sce Robert L. Johnson, Laten: Groundwater Demand in Pakistan's Punjab: Theory and
Applications, (Ph.D. dissertation, Ithaca, NewYork: Cornell University, 1991) for details of this
rescarch,
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cated, often linked and sustained irrigation management interventions al main as well
as secondary svstem level if the threat to the sustainability of irrigated agriculture i
large areas of the Indus Basin is 1o be reduced. Nonetheless we are aware that the
management inlerventions required are unlikely Lo be the same everywhere.

As the root cause of the problems, we identify the growing imbalance between the
availability of good quality canal water and of poor quality groundwaler s one
proceeds down the sysiem, the distributary, and the watercourse.  The  iution
therefore depends on the possibility of ending or at least mitigating the ine.: ity of
distribution of the two sources of irrigation water. Some of the distribution-, :lated
issues and irrigation management implications are tentatively addressed in the final
portion of our discussion.

THE STUDY AREAS: AN INTRODUZTION TO THE IRRIGATION
ENVIRONMENT

Primary measurement data have been collected by 1IMI and its research collaborators
for a large number of sample watercourses, off-taking from Lagar and Mananwala
distribularics in Farooqabad Sub-Division, Upper Gugera Branch, and from Pir Mahal
and Khikhi distributaries in Bhagat Sub-Division, Lower Gugera Branch. These data
have also been used in one or more of 1IMI-Pakistan’s other research projects (e.g.,
distributary-level canal performance anc conjunclive management of groundwater
and surface irrigation systems). The data now available cover a wide range and include
spatial and temporal variability in discharges in the canal system, public and private
tubewell operations and the extent of groundwater usage at watercourse and farm-
level, to scasonal crop surveys, and the water and salt balances of crop root zones in
sclected arcas. In some cases, data are available from as far back as August 1987; in
other instances (c.g., for water and salt balances), data availability is only since kharif
1989.

Our discussion of the incidence of salinity is based largely upon primary data
collected in the command areas of two watercourses served by Mananwala Distributary
and two off-taking from Pir Mahal Distributary. Mananwala Distributary off-takes from
Upper Gugera Branch in Farooqabad Sub-Division, Upper Gugera Division, about 68
km downstream from Khanki Barrage, the headworks of the Lower Chenab canal LCC
system (Figure 8.1). Pir Mahal Distributary off-takes from Lower Gugera Branch in
Bhagat Sub-Division, Lower Gugera Division, more than 200 km further downstream.
Both are in the LCC East Circle, and the entire LCC system comprises the Faisalabad
Zonc of the Punjab Irrigation Department.

Mananwala Distributary is 45 km in length and its design discharge is 5.2 cu.m. It
supplies 125 sanctioned outlets (either directly or from three minors) and serves a
cultivable command area (CCA) of 27,064 ha. The average sancticned discharge of
its outlets is 30 I/s. ‘The distributary was designed for two levels of cropping intensity.
This means that some outlets, those serving 50 percent intensity command areas, have
a design walcr allocation of 1 1/s per 7.5 ha, whereas others have 75 percent intensity
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service arcas with a slightly more generous water allocation standard of 11/s per 5 ha.
In size and service area, Mananwala is a fairly typical distributary in the LCC system,

The first sample watercourse is located at a reduced distance (RD) of 71,683 fi
(henceforth RD 71) and the other is at the iail, at RD 143,850 t (RD 143). RD 71 is
situated in approximately the middle reach of the Mananwala Distributary. It has a
cultivable command areca (CCA) of 288 ha, and a watercourse discharge of 381/s. The
service area is split in two by a road, and only the northern area, with a CCA of 187
ha, was studied. A deep pubtlic (SCARP 1) tubewel! discharges groundwater into the
main, lined watercourse where it is mixed with cznal water in a ratio of about 2 to 1.
In addition, there are 18 shallow private tubewecils operational in the command area,

RD 143 is located at the tail of Mananwala Distributary and has a CCA of 87 ha. Canal
waicr rarely reaches the outlet for RD 143, and then only during periods when
cultivators' irrigation requirements are low (e.g., between the seasons or occasionally
after a heavy monsoon shower). One SCARP tubewell provides most of the water for
irrigated agriculture in the service area, althougiv there are four private tubewells
operational here and others under development.

At Bhagat Head regulator, Lower Gugera Branch canal is divided into four
distributaries, one of which is Pir Mahal. This canal is 47.5 km long and has a design
discharge of 4.67 cu.m for a CCA of 14,891 ha. Pir Mahal directly supplies 50 sanctioned
outlets and 40 others off-take from its four minors. The average design discharge of
these outlets is 35 I/s. The distributary was designed as a 75 percent intensity channel,
with a seasonal cropping ratio between kharif and rabi seasons of 1:2 in its service area.

Watercourses selected for the stv 1y of water and salt balances in Pir Mahal command
are situated at RD 89 and RD 133, in the middle and tail reaches of the distributary,
respectively. The CCA of outlet RD 89 is 173 ha, and the design discharge of the
watercourse 46 1/s; for outlet RD 133, these values are 220 ha and 44 /s, respectively.
The amount of canal water that usually reaches the head of RD 133 is insufficient,
however, and farmers can irrigate only those ficlds which are close to the watercourse
mogha. Conscquently, large portions of the command area of RD 133 are completely
dependent on irrigation water supplies from wbewells.

A few public tubewells were installed in the tail watercourse commands of Pir Mahal
Distributary and Juncjwala Minor between 1975 and 1977. These were among the 101
bewells installed under the Shorkot Kamalia Pilot Project (SKPP) programme as part
of an accelerated effort for controlling waterlogging and salinity in the lower Rechna
Doab. Here, priorily was given to arcas with 1resh groundwater where the tubewells
would serve the double purpose of providing drainage and supplementing irrigation
supplics. Tubewell development under this programme continued in the area until
1985.

Contrary to the general perception, private tubewell development has been almost
as active in the service area of Pir Mahal Distributary over the past 3-4 ycars as it has
beer. in Mananwala Distributary command.  For example, a tubewell census
completed by HMI in mid-1990 in the 23 outlet commands of Juncjwala Minor, Pir
Mahal's largest off-taking distributary, revealed the surprising average privale tubewell
density of more than 7 per 100 ha.
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The scrvice arcas of the seven distributarics that constitute Faroogabad Sub-
Division, including Mananwala, arc wholly within the Punjab rice-wheat agroccological
zone. Rice, especially the high-value basmati variety, is the predominant crop in this
region during kharif wherever irrigation water supplics are sufficient, while wheal is
the principal crop during rabi. In addition to these two major crops, sugarcane and
various fodders arc grown year-round as well as a range of scasonal fruits and
vegelables for both cash income and domestic consumption.

The command arcas of Pir Mahal and other Bhagat Sub-Division distributaries fall
in the transition zone between the rice-wheat agroecological zone and the cotton-
wheat belt of Punjab further to the southwest. Iere, cotton is more frequently the main
crop during kharif sr:ason, and wheat predominates in rabi. Ilowever, elsewhere rice
remains a significant though a more localized crop where water supplics are relatively
abundant (parts of Pir Mahal command and elsewhere). As in the Mananwala service
arca, sugarcane and various fodder crops are also grown throughout the year, the
proximity of a large sugar mill in Kamalia stimulating the production of sugarcane in
much of the area. Sesame (an oil seed crop) and vegetables are grown throughout the
Pir Mahal command arca during kharif, and perennial citrus fruits occupy a
considerable and still expanding arca. In short, the irrigated agriculture system in [IMI'’s
study areas is characterized by a diversity of crops grown and by large acreages
devoted to key crops in Pakistan's agricultural economy.

Topographically, the interfluvial region through which the Upper and Lower Gugera
Branch canals flow is flat with little natural drainage. It is underlain by a deep, high-
yiclding unconfined aquifer that is relatively homogencous and highly anisotropic.
Bennett et al. (1967) provide a detailed hydrologic description of the aquifer, giving
the mean values of hydraulic conductivities as 1.2E-3 and 1.5E-5 m/s in horizontal and
vertical directions, respectively. ‘The much lower vertical transmissivity is due to the
presence of clay layers in an otherwise fairly coarse sandy aquifer. The specific yields
with the waler table in the sand layer and the clay layer are, respectively, 0.15 and 0.06
(ibid.). Itis desirable, therefore, to install tubewells so thal the screen length will not
fall within the thick clay layers.

Historically, following the extensive construction and operation of canals in the
Rechna Doab, significant arcas began to suffer from both substantial waterlogging
(defined as conditions with water tables within five feet of the land's surface) and
salinity. By the mid-20th century, the severity and extent of these problems provided
the impetus fer the first Salinity Control and Reclamation Project (SCARP D), initiated
in the central Rechna Doab in 1960, and subsequently for other SCARP and smaller-
scale public tubewell deep drainage projects. Today, the depths of water tables in the
Mananwala and Pir Mahal commands range between 3and 8 m, with gradients towards
the 1ail ends of the distributarics. In the Mananwala region, the primary source of
aquifer recharge appears o be seepage from two large canals that pass north to south
across the head of the Mananwala Distributary (i.c., the Upper Gugera Branch, carrying
about 180 cu.m in this reach, and the Qadirabad-Balloki Link Canal, which carries
around 540 cu.m). Recharge to the groundwater in the arca of the Pir Mahal
Distributary is probably in large measure from the Ravi River, which flows at a distance
of only 12 km from some parts of the downstream half of the distributary.
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According to the Soil Survey of Pakistan (Bashir Choudhri et al. 1978), most of the
salinity in Punjab is ancient, produced as the result of soil-forming processes over
thousands of years, greatly predating the rise in water tables associated with the
introduction of canal irrigation. Saline patches were recognized as occurring within
geod land in an intricate spatial pattern when lands were being developed for
irrigation. Although largersalinetracts could be, and were, excluded from design canal
command areas, the inclusion of smaller patches of salinity within larger extents of
good soils was inevitable. Indeed, some of them were subsequently reclaimed, but
in other areas reclamation attempts were far less successful.

Conventional wisdom in Pakistan brackets waterlogging and salinity as the “twin
menaces” of irrigated agriculture in the country. One is almost preconditioned to
assume, therefore, that with the reduction of waterlogging in large parts of the country,
(especially in Punjab, through the extensive development and operation of SCARP
tubewelis, followed more recently by private tubewells) the problem of salinity has
largely been solved as well, But as carly as 1978, the Survey of Pakistan warned that
this was not the case:

The secondary salinity, which is of much greater concern than that akin to
waterlogging, is the build-up of high sodicity in first-rate, non-saline agricultural
land caused by irrigation with low-quality tubewell waters. This type of salinity was
introduced with (the) accelerated use of groundwater. The symptoms of the
sodicity of soils are widespread, as observed from hardening of topsoil, decrease
in rate of infiltration and inadequate seced germination, especially of alkali-sensitive
crops. This mode of salinization is treacherous, as it operates insidiously and the
farmers, due to (the) slow rate of soil deterioration, become aware of the problem
(only) after considerable damage has been done (ibid.).

Much of what we report in the following discussion of IIMI's initial research findings
in Punjab concerning irrigation management interventions for the control of salinity,
and our analysis and interpretation of them, reinforces and substantiates this early,
perceptive observation.

DISTRIBUTION OF WATER SUPPLIES: SURFACE IRRIGATION
SYSTEMS

The initial findings of IIMI Pakistan research on the operations and performance of
distributary channels in the LCC system of Punjab have been extensively reported
elsewhere (Vander Velde and Bhuua 1989; Bhuua 1990; Vander Velde 1990).
Therefore, only a brief overview and update are required here.

Analysis of primary measurement and observational data collected through moni-
loring activities on selected distributaries in both Farooqabad and Bhagat Sub-
Divisions has demonstrated that the long-standing system performance objective of
equity in surface-water distribution is now rarely achieved and almost never sustained
at the secondary canal level. Oulets in the tail reaches of distributaries seldom obtain
more than a fraction of their design or sanctioned discharge at the watercourse head,
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in contrast 1o outlets in the upper reaches which commonly receive substantially more
than their design discharge.® This pattern has been observed, for example, for Pir
Mahal Distributary (Figure 8.2), and it is clear that consistently low levels of
maintenance of distributary channels are one primary cause. The consequence is that
farmers in the command areas of tail watercourses experience, on average, less than
onc-fifth of the access to surface water supplies that farmers served by watercourses
in the head reach of the distributary enjoy (Figure 8.3).

Figure 8.2. Pir Mahal Distributary: Water distribution equity .
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When the discharge entering the distributary head falls below 70 percent of design,
an occurrence observed in some LCC system distributaries for as much as one-third
of the annually available operational days (Bhutta 1990), water supplies to tail outlets
simply collapse, and farmers there receive no water from the canal at all. Canal
operations in the Bhagat Sub-Division effectively illustrate the case. There, surface
waler supplics delivered by Lower Gugera Branch to the tail of the main system arc
usually insufficicnt for all six distributarics to operate simultancously at full supply
level. An inter-distributary program of rotational operations is therefore followed for

* The measure used here to describe water distribution equily among or between outlets
alongadistributary is Delivery Performance Ratio(DPR). The DPR is the ratio of actual discharge
received at the outlet to its design or sanctioned discharge.
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Figure 8.3. Pir Mabal Distributary: Equity between sample outlets
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much of the year at Bhagat Head. Data obtained for distributary-head conditions here
over several months in 1990 reveal significant inconsistencies in the equitable
implementation of scheduled rotational operations (Figure 8.4).% In particular, Pir
Mahal Distributary is operated at less than 70 percent full design supply for a
disproportionate amount of time, contrasting dramatically with the frequency with
which Khikhi and Dabanwala distributaries are operated in excess of 100 percent of
design full supply discharge.

It must be said that, heavy silt accumulations and serious embankment erosion in
Pir Mahal Distributary, especially in its head reach, due to deferred or neglected
channel maintenance, preclude its operation at design full supply discharge for
sustained periods of time, in any case. ‘These physical conditions have also
nccessitated the adoption of a program of internal rotational operations between the
main channel tail reach and its off-taking minors. One consequence of the resulting
pattern of canal operations is that the frequency of days without canal water at the
heads of watercourses in Pir Mahal command increases markedly in the tail reach of
the distributary (Figure 8.5). These farmers are without surface walter supplies for more
than 50 percent of the time during extended periods throughout the year.

¥ Telog automatic stage recording data loggers were installed at each of the four distributary
heads, and they have been operational since the resumption of Lower Gugera Branch canal
operations following the 1990 annual maintenance closure period.
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Even when distributary head discharge conditions are relatively steady at or near
design full supply level, tail watercourse commands are ofien deprived of even modest
surface water supplies by many large and small quasi-legal and illegal interventions
upstream to obtain additional canal water. This situation has been regularly observed
over the past three years in Mananwala Distributary command. Figures 8.6 and 8.7
show the pattern of water distribution to groups of sample outlet at head, middle, and
tail locations in terms of weekly mean DPR for every other week over a twelve-week
period marking the onset of the 1990 kharif season. From mid-May on, most tail outlets
reccived no water at all, marking the onset of kharif rice cultivation activities in
extensive areas of the upper two-thirds of Mananwala command and the resumption
of illicit irrigation operations there 1o sustain the rice crop through numerous
embankment “punctures,” syphons, and irregular pipe outlets.

Figure 8.4. Bhagat llead rotational operations: Equity between distributaries.
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Variability in distributary flows upstream is passed on to the discharges of
downstream off-taking watercourses. “The effect is most pronounced for tail-reach
outlets, and farmers in those command areas experience the further disadvantage of
greater unreliability in the delivery of whatever share of surface water supplies reaches
them.  Mananwala Distributary operations (Figures 8.8-8.11) better illustrate this
condition than does Pir Mahal because of the complex program of rotational deliveries
practiced in the latter, even though careful head-gale operations at Mananwala do
minimize the cffect of variability in main system flows entering the distributary system.,
The conditions shown are for cleven warabandi weeks (Monday through Sunday)
covering the first half of kharif 1990, May through July. It will be immediately observed
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Figure 8.5. Dry days of Pir Mahal Distributary Outles: Kbarif 1988 and 1989.
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Figure 8.6. Mananwala Distributary: Selected weekly mean DPR of sample outlets.
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Figure 8.7 Mananwala Disiributary: Changes in mean DPR of sample oullets.
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Figure 8.8. Mananwala Distributary Head: Equity versus variability, kbarif 1990.
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Figure 8.9. Mananwala Distributary Outlet RD 24R: Equity versus variability, kbarif 1990.
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Figure 8.10. Mananwala Distributary Outlet RD) 71R: Equity versus variability, kbarif 1990.
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Figure 8.11. Mananwala Distributary Outlet RD143R1: Equity versus variability, kbarif 1990.
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that for the distributary head, as well as for a head and middle watercourse, weekly
mean DPR is near to, or well above, design. Variability associated with these flow
conditions is correspondingly low, the coefficient of variation being well under 20
percent in the majorily of instances. Variability of flows at a large tail walercourse,
however, increases markedly as weekly mean DPR declines to virtually zero over the
period.

DISTRIBUTION OF WATER SUPPLIES: GROUNDWATER
IRRIGATIONS SYSTEMS

In the face of the increasing inability of the surface irrigation system to deliver water
equitably in any usable amount to many watercourse heads in the lower reaches of
distributary channels for extended periods of the year, the farmers’ only apparent
recourse is groundwater development. Indeed, it was the extensive program of public
groundwaler development in large areas of the Rechna Doab commanded by the LCC
system — the SCARP deep drainage tubewells to control waterlogging installed in the
early 1960s — that first provided greatly enhanced water supplies at the watercourse
level and spurred two major, almost simultaneous, changes in iriigated agriculture
there. These soon spread throughout much of Punjab. On the one hand, the three-
or four-fold increase in water supplies at the watercourse level meant that the previous
design low cropping intensities of the surface irrigation system —typicallyin the range
of 50 percent-75 percent — could be exceeded, and annual cropping intensities in
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canal commands rose rapidly to well over 100 percent. On the cther hand, the greater
abundance of irrigation wates now available to farmers meant that large acreages could
be planted with more remunerative, but more water intensive, crops such as rice and
sugarcane.

The unforeseen and relatively rapid decline in the amourt of fresh groundwater
pumped by these deep tubewells — due to the shorter than anticipated bore life,
frequent breakdowns in pumps and motors, poor maintenanc levels, power supply
constraints, high operating costs, and inadequate budgetary resources — does not
mean that the contribution of public tubewells to the irrigation water supplies of
farmers has now become insignificant. Faroogabad Sub-Division falls wholly within
the SCARP 1 area, and Johnson (1990) has reported that the average annual utilization
ratc of 11 public tubewells located in the command areas of Mananwala Distributary
and neighboring Lagar Distributary was 64 percent in 1988-1989, based on the number
of hours that cach well was operational with electric power available.

In the sample of nine Lagar Distributary watercourses where public tubewells
remain operational, detailed monitoring and measurement of their operations throughout
the 1988-89 agricultural year were carried out. The data revealed that public tubewells
provided, on average, 43 percent of all irrigalion waler available (o farmers in rabi and
nearly 30 pereent of irrigation supplies available in kharif.

Nevertheless, the amount of groundwater supplied by public tubewells that remain
in operation has declined substantially from levels achieved in their early years of
operation. They no longer provide a threefold or greater increase in water availability
at the watercourse command — in the Lagar study, average irrigation supplies from
the public tubewells exceeded those from the distributary by only 25 percent in either
scason. Indeed in many watcrcourse commands throughout SCARP I, the public
tubewell is no longer operational at all.

It has been the rapid development of private, shallow tubewells throughout the
1980s that has offset the declining productivity of the pubiic deep tubewells and in
large measure made it possible for farmers to maintain high cropping intensity levels
and cropping patterns, with substantial areas planted to more waler-consumptive, less
drought-tolerant crops. The growih in numbers of private tubewells has been most
rapid in Punjab (Figure 8.12).

‘The censuses of tubewells done by 1IMI in 35 watercourse commands of Mananwala,
Karkan (Minor) and Lagar distributaries reveal that the average density of private
tubewells in Farooqabad Sub-Division is about 5 per 100 ha of gross command area
(GCA).*® ‘This density of private tubewells, in a SCARP arca where private tubewell
installaticn was formally restricted and controlled, is considerably higher than what
published official data have indicated (Figure 8.13). The implication is that the pace
and pattern of private tubewell development may well have been substantially
underestimated for large areas of Punjab.

“® Watercourse gross command area (GCA) is used here rather than cultivable command area
(CCA) because CCA more strictly applies to the irrigable service area of the surface system. Many
farmers have installed tubewells not only to supplement their surface supplies, but also to bring
additional areas, not served by the surface system, under irrigated agriculture.
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Figure 8.12. Private tubewell development in Pakistan and Punjab.
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Figure 8.13. Densities of private tubewells: Punjab Agriculture Department data versus IIMI
data.
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In any event, the actual availability of water in watercourse command areas
continues to exceed the original surface system design values of 1 1/s per S or 7.5 ha
noted above. In fact, 1IM. data for 13 watercourse commands of Lagar Distributary
indicate that the average proportion of groundwater to all irrigation water available to
farmers at the pump head and the outlet was 67 percent for the rabi scason, rising to
over 80 percent in kharif. Figure 8.14 shows the spatial distribution of this pattern for
different watercourse commands at increasing distances from tne distributary head.

The ratio of groundwaler to surface water annually available to farmers in Lagar
command ranged between 1.2:1 and 14.7:1 for the 13 waltercourses studied. If the
extreme value of 14.7:1, which occurred in a tail-end watercourse, is ignored, the
average annual ratio of groundwaterto surface waleris 2.8:1. Itis therefore reasonable
lo assume that on average groundwater from public and private sources contributes
about 70 percent of the total irrigation water used in irrigated agriculture in Farooqabad
Sub-Division.* Significantly, data collected in the command area of watercourse RD
89, Pir Mahal Distributary, in kharif 1990, indicated that during July and August,
groundwaler contributed 72 percent of the total irrigation water used by farmers in the
area.,

Figure 8.14. Percent of groundwater in total srrigation water used: Lagar Distrbutary
command.
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! AULIIMI's 1989 Internal Program Review, Johnson and Vander Velde reported on the de facto
conjunctive management of surface water and groundwater in these distributary and water-
coursc command areas.
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These findings provoke the tentative conclusion that groundwater resources are
providing a substantially greater proportion of total irrigation supplies now utilized by
farmers in many canal command areas in Punjab than previously suspected. They may
also imply a rate of aquifer exploitatior. already in excess of recharge, at least locally
if not over larger areas. Perhaps moust important is the fact that no agency or
organization in Pakistan is systematically monitoring what appears to be 2 fundamental
(and possibly short-lived) transformation of the water resource basis of the Indus Basin
irrigated agriculture system.

THE WATER BALANCE

There are several reasons for seeking to ascertain the water balances of watercourse
command areas. First, we want to know how much water is consumed by crops and
how much is lost to groundwater, contributing to aquifer recharge and perhaps water
table rise. The Second concern is to determine what proportions of the irrigation water
that farmers use are derived from canal supplies and from groundwater. Once the
proportionality of supplies and their quality have been detemined, the key issue of
whether the salt content in the crop root zone is likely to increase or decrease can be
tackled.

Tn several sample watercourse command areas in the LCC system, water flows into
the watercourse from the secondary canal system and discharges from public and
private tubervells have thicrefore been recorded by 1IMI field teams over sustained
periods in 1989 and 19)0. Additionally, irrigation applications have been measured
in fields of sample farmers in these watercourse commands, to evaluate farmers’
irrigation practices. Seasonal irrigation applied to wheat during rabi 1989-90 is
presented in Table 8.1. All irrigations in Mananwala were from public tubewells, and
all but two irrigations in Pir Mahal were from private tubewells.

Although the average seasonal irrigation is about the same in both areas, the
variability of seasonal irrigation is greater in Mananwszla ccmmand than in Pir Mahal
command, as can be seen from the standard errors. The average amounts applied per
irrigation differ significantly (5 percent level) betwecn the two areas. Itis not clear why
some farmers apply much more water than others, or why a farmer applies twice as
much waier from the same tubewell to one field as to another. This is especially true
for Mananwala area, where the variability in irrigation applications is greater than in
the Pir Mahal area. Apparently, farmers in the Pir Manal aiea attempt to make more
optimal use of their irrigation water.

Histograms depicting irrigation applications to wheat during rabi 1988-89 and to
sugarcane during kharif 1989 are shown in Figures 8.15 and 8.16. The data reflect
farmers' practices in watercourses of Mananwala and Pir Mahal distributaries, in
addition to the sample watercourses mentioned above. The median irrigation
applicaiion for wheat in the Mananwala area is 290 mm. Median values for irrigation
of sugarcane are 480 mm in Mananwala and nearly the same, 485 mm, in Pir Mahal.
The histograms again illustrate the wide range of irrigation applications practiced by
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farmers; some obviously overirrigate while others apply hardly enough to make it
worth their while harvesting the crop.?

Table 8.1. Wheat irrigation in two LCC distributary canal commands: Rabi 1989-1990.

Mean total Sud. Mean Std. Average Total
irigation error | application | ermor no. of rainfall
(cm) (cm) irrigations (cm)
Mananwala 220 2.1 7.0 0.42 25 14.7
Pir Mal. ! 21.2 0.7 6.2 0.16 3.8 9.6

Figure 8.15. Irrigation of wheat: Mananwala Distributary command.
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“*The data used in Figures 8.15 and 8.16 were obtained from a much larger sample of farmers
in four districts of Punjab which will be reported on in greater detail elsewhere. Mean and
median values of irrigation applications determined for the larger sample are significantly higher
than the values mentioned here for Mananwala and Pir Mahal. The inclusion of data from
Gujranwala District, which is not short of water, in the larger sample probably explains the
difference. The results from the larger survey also strengthen the conclusion that irrigation

practices of Punjab farmers vary widely.
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Figure 8.16. Irrigation of sugarcane: Mananwals Distributary command.
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Substantial variability in both watercourse and tubewell discharge has been
observed.* Variability in watercourse discharge is largely a function of distributary
performance, as previously discussed. Variability in tubewell discharge, observed for
alltypes of tubewells, results from a variety of factors. For electric tubewells, it is often
a consequence of voltage fluctuations cr an increase in drawdown of the water table
following many hours of sustained pumping operations. In diesel- and tractor-
powered tubewells, significant fluctuations in discharge can also result from changes
inengine speed with throttle adjustments. Long-term decreases in tubewell discharge
can be expected with motor wear and tear, as well as from the deterioration of screens.

The operating hours of tubewells have been determined through farmer interviews,
from the calibration of the electric meters against individual wells and motors, and from
the recordings of vibration meters. Although there are bound to be errors associated
with all observations and measurements relating to both tubewell discharges and
operating hours, IIMI data now provide the most reliable and extensive information
on tubewell irrigation operations within surface system canal commands available in
Pakistan,

Some components of the water balance for a watercourse command area have not
been measured, but have been deduced from previous studies done elsewhere. An
example is the case of conveyance losses in watercourses, which have been reported

Temporal variability in the discharges of watercourses and various tubewell types have also
been monitored with automatic stage recorders.
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by Troutetal. (1980)and WAPDA (1984). Thus, a conveyance efficiency of 55 percent
— the average reported for SCARP areas — was used in the water balance study of
Mananwala watercourse RD71.4

Losses from nonrice crops depend on the assumed value of field application
efficiency. WAPDA (1978) has estimated these efficiencies for a range of irrigation
conditions, and its determination of an average application efficiency of 58 percent for
tubewell-supplemented watercourse commands could be used for Mananwala
walercourse RD71. However, modeling studies (discussed below) indicate that
percolation losses from the irrigation of nonrice crops depend on soil characteristics
and are probably lower than those previously reported by WAPDA. Hence, an
application efficiency of about 70 percent may be attainable where water is in short
supply. Losses from rice fields were measured during kharif 1989 and 1990 from the
rate of decrease of water levels in ponded rice fields, corrected for evaporation losses.
The measured rate in RD71 was 5.8 mm/day for the 80 percent of the time that the fields
were observed to be ponded or moist.

Table 8.2 shows the estimated quantities of water reaching the water table and being
abstracted from it over a period of 78 days during kharif 1989. Each quantity is a total
volume for the period, converted to an equivalent depth over the CCA of the
walercourse. Conveyance losses and losses from rice fields ccntribute most to the
groundwater recharge. Between the two values of the application efficiency used, 58
percent and 70 percent, there is only a relatively small change in the residual.

Table 8.2. Walter balance at the water table in Mananwala RD71: Kharif 1989.

Application Efficiency 58% 70%

Conveyance losses 179 mm 179 mm
Application losses 43 mm 31 mm
Percolation losses from rice tields 166 mm 166 mm
Distributary losses 15 mm 15 mm
Change in aquifer storage 6 mm 6 mm
Pumped abstractions -398 mm | - 398 mm
Residual 11 mm 0 mm

Obviously, the cont'nuing uncertainty of some values of the water balance in Table
8.2 permits only a few general observations. Over the study period, recharge and

“ Although this watercourse is lined, it is in poor condition and there is no reason to assume
a higher efficiency because, as Wachyan and Rushton (1987) have reported, while perfect lining
will prevent all seepage losses, linings that have cracks and other imperfections result in only
small reductions in conveyance losses.
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discharge from the aquifer appear to balance. This is supported by observations of
water table depth in 20 observation wells distributed throughout the command area
of RD71, which revealed an increase of around 1 m coinciding with the onset of
percolation from rice fields, followed by a return to the original level at the end of the
field study. The fall in the water table during the second half of the study period is
ascribed to the noted increase in tubewell abstractions. The fact that percolation from
rice fields is of the same order of magnitude as the daily evaporation-cum-transpiration
rates indicates that the soils in the area are too light for efficient rice cultivation. In
fact, rice fields were often observed to be dry. As submergence of rice fields also is
intended to suppress weed growth, it is not surprising to find considerable weed
growth in these rice fields. Farmers do not seem to mind this, however, as weeds are
cut for fodder.

The contribution of rainfall to water table rise remains undetermined in this research.,
However, it is considered to be small, because no sharp rise in water table was
observed after a 100-mm storm early in the study period, or from later smaller storms.
If 20 percent, a value reported by Michael (1978), of the 100-mm storm had percolated
to the waler table, a rise in water levels of around 133 mm could have been expected
in the following 3 to 4 days. This was not observed, and it is concluded that most of
the rainfall entered the soil profile as storage, either in or below the root zone.

WATER QUALITY

The suitability of irrigation water for agriculture should be evaluated on the basis of
the specific conditions of use, including the crops grown, soil propertics, irrigation
management, cultural practices, and climatic factors. The ultimate method for
assessing the suitability of water for irrigation should consist of predicting the
composition and matric potential of the soil water resulting from the use of the water,
and interpreting such information in terms of how soil conditions are affected and how
the crop would respond under any set of climatic variables (Rhoades 1972). Published
tolerances of agricultural crops for salinity apply from the late seedling stage to crop
maturity. There are not sufficient data to compare salt tolerance at different growth
stages, but it appears that tolerance auring germination and early seedling stage for
some of the more tolerant crops ma, be lower. This may explain the frequently
observed poor stands of wheat, for instance, which is a medium tolerant crop.

The SCARP Monitoring Organization (SMO) of WAPDA uses three long-recognized
criteria for classifying irrigation waters, i.c., the electrical conductivity (EC), the residual
sodium carbonate content (RSC), and the sodium absorption ratio (SAR). The usable
or “fit” class extends to EC of 1.5 deciSiemens per meter (dS/m, equal to mmhos/cm),
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RSC to 2.5 meq/l and SAR to 10.* The limits of these classes have continued to be
applied to determine the suitability of water quality for irrigated agriculture as though
no progress has been made in the understanding and interpretation of waler quality
subsequent to the publication of Handbook 60, in 1953, by the United States Salinity
Laboratory, Riverside, California. Current guidelines for the interpretation of water
qualities (e.g., Ayers and Westcot 1985) put the upper limit for no restriction in use at
an EC value of 0.7 dS/m, i.e., less than half the value currently followed by the SMO.

The effect of sodium, as expressed in the SAR value, depends on the EC value, but
a general upper limit for no restriction on irrigation usage of the water now would be
set at 6 or 7, again much less than the SAR value of 10 still nsed by SMO (Lennaerts
ctal. 1988). For sodic waters, as in much of Punjab, an adjusted SAR is recommended
as a generally better index (Rhoades 1982), wherein the calcium concentration is taken
as the concentration that will result in the soil solution upon equilibration of the soil
and irrigation water. Sodium adsorption ratios of typical tubewell waters increase by
around 25 percent when they are calculated as adjusted SAR values. This reinforces
the notion that it is not advisable to classify tubewell water with SAR up to 10 as suitable
for irrigation use undiluted.

The official view of WAPDA is that “the usable waters are not expected to create any
salinity or sodicity problems in the soil and can be safely used to raise all type of crops
climatically adapted in the area even without mixing with canal water provided
efficient drainage is practiced” (WAPDA no date). It needs no further explanation that
in water-short environments, such as has been observed at the tail ends of distributary
channels and watercourses, drainage is neither practiced nor needed as no excess
walter can be given. Moreover, as has been seen, there are scant opportunities in these
locations to implement the recommended practice of mixing or using canal and
“marginal” quality groundwater at a one-to-one ratio.

The first detailed consideration of tubewell water quality was undertaken by 1IM]
in the command area of the Lagar Distributary in 1988 and 1989 (Vander Velde and
Johnson 1989; Johnson 1990). The water quality of a large number of tubewells in
Lagar command was determined as part of a study of tubewell performance carried
out in collaboration with the Punjab Irrigation Department's Irrigation Research
Institute. Asimilar, though larger, study of tubewell and surface-system operations was
initiated in kharif, 1990 in a sample of walercourse commands in the Mananwala
Distributary system. The Irrigation Research Institute again has done tubewell
discharge calibration and water quality sampling.

S WAPDA's EC and SAR values for “marginal” irrigation water (i.c., that which is recommended
to be used mixad 1:1 with canal water) are 1.5 < 2.7 dS/m and 10 < 18, respectively. When EC
> 2.7 dS/m and SAR > 18, water is too harzardous to be used for irrigation without extensive
mixing with good quality water at unspecified ratios. In fact, two different classifications of the
suitability of water for irrigated agriculture are widely used in Pakistan. That established by
WAPDA, and referred to in this paper, is the least conservative and possibly the most widely
followed in the country. A more conservative classification is followed by the Directorate of Land
Reclamation of the Department of Irrigation, Punjab, Usable or fresh water has an EC < 1.0 dS/
m in this case, although the upper limit of SAR remains unchanged at 10.



162

Data for 137 tubewells, 69 percent of the total in the command area of Mananwala
Distributary, are shown in Figures 8.17 and 8.18. Histograms reveal the spatial
distribution of two water quality criteria, EC and SAR, of 31 tubewells in the head reach,
46 tubewells in the middle, and 60 tubewells in the tail reach of Mananwala
Distributary.*s The differences between the mean values of EC and SAR for head,
middle, and il watercourse commands are significant (1 percent level), indicating
deterioration of tubewell water quality towards the tail of the distributary.

The pattern is the same for another 50 tubewells (out of a total of 104) in the
command of Karkan Minor, offtaking from the Mananwala Distributary at RD 76 (i.e.
23 km from the head of Mananwala Distributary). The values of both EC and SAR are
higher along Karkan Minor, than for a comparable distance along Mananwala. If the
tubewell data for Karkan Minor are also grouped according to head, middle and tail,
the mean values are 1.4 dS/m and 9.2 for EC and SAR, respectively in the head reach,
2.0 and 12.4 in the middle reach, and in the tail reach 3.0 and 18.2. A similar spatial
pattern of marked decline in the quality of water pumped by both public and private
tubewells from head to tail watercourses in Lagar Distributary command also was
found in research carried out there in 1989 which covered about 175 tubewells.

Further analysis of 85 tubewells in the Mananwala command area revealed that even
according to the SMO's less conservative criteria, merely 30 tubewells are producing
waler that is considered fit for irrigation. If the more restrictive and recent FAO criteria
(Ayers and Westcot 1985) are applied, none of the tubewell water would be found
suitable for direct use in irrigated agriculture, without first being mixed with water of
a better quality.

Two possible explanations can be considered for the apparent decline in water
quality towards the tail of the distributary. First, more irrigation water is applied per
unit cropped area in the head reach because of the combination of the greater
availability of canal supplics augmented by tubewell water, the generally better quality
of irrigation water that is available, and the larger arca planted to more water
consumptive crops.*” Alternatively, the primary source of recharge in the area (the
Upper Gugera Branch and the Q-B Link canals, as previously noted), is closer to the
head of the distributary than to its tail reach. Evidence for accepting or rejecting either
hypothesis is insufficient at present and it is bound to require substantial research on
aquifer behavior. Morcover, it may be that the observed decrease in groundwater
quality towards the distributary tail can be ascribed to a combination of the two and
perhaps other phenomena

“ Residual sodium carbonate (RSC) has not been included in this discussion because an
analysis of previous RSC data revealed that the laboratory determinations of RSC were highly
unreliable. Morcover, the soundness of using RSC for evaluating suitability of irrigation water
has begun to be questioned as a result of the underlying assumptions related to quantitative
precipitation.

¥ Canal water quality is markedly better than the best quality tubewell water, with ECs at about
0.2 dS/m for canal water versus 0.6 dS/m for the best tubewell water.

® Our colleague, Dr. R. Sakthivadivel, has suggested that the vertical differential hydraulic
gradicent existing between the distributary head and tail also could contribute significantly to
accelerated salinity differences between these locations.
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Figure 8.17. Frequency distribution of EC: Mananwala Distributary command.
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Figure 8.18. Frequency distribution of SAR: Mananwala Distributary command.
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It is important to note that the installation of the majority of tubewells in the
command area is comparatively recent. Forty-three percent of the tubewells in the
head reach watercourses were installed after 1987, as were 40 percent in the middle
reach, but merely 11 percent at the tail. By contrast, 40 percent of the tubewells in the
tail reach watercourses were installed before 1985, but only 20 percent in the middle
and 6 percent in the head reach are more than five years old. Clearly farmers in tail
watercourse commands felt the need to install ubewells at an earlier date than did
those in the middle and head reaches of the distributary. This is not surprising, of
course, considering that tail-end farmers must have begun experiencing persistent
shortages and greater variability in canal-water supplies at a much earlier date.

Evidence that proximity to sources of groundwater recharge is the primary cause for
better quality tusewell water to be found in head reach walercourses is circumstantial
at best. Although the head walercourses of Mananwala Distributary are within an area
that is certainly recharged by losses from the parallel Upper Gugera Branch and Q-B
Link Canals, the distributary’s alignment is such that its middle reach is actually farthest
away from apparent sources of recharge. Mananwala tail is slightly closer to Upper
Gugera Branch, which it roughly parallels at a distance of about 10 km. However, it
is unlikely that Upper Gugera Branch alone (now the only apparent source of aquifer
recharge insofar as the much larger Q-B Link Canal is no longer flowing parallel to it,
having continued on its course in a southerly direction) can provide anything like the
amount of recharge that the two canals together do for the Mananwala head area. Nor
can the observed similar decline in groundwater quality between head and tail
watercourses within Lagar Distributary command be readily ascribed 1o increasing
distance from recharge areas, since there is no significant locational change throughout
its alignment, relative to the same apparent source of recharge. What is needed here,
of course, as elsewhere throughout the commands of Punjab’s many canal systems,
is a much more accurate and detailed understanding of aquifer recharge and behavior
than is presently available.

If deterioration of groundwater is indeed substantially a consequence of the seepage
of saline water from lands irrigated with marginal or poor quality tubewell water, it is
important to note that the process is apparently relatively fast. Public tubewells pump,
on average, from a depth of 50-100 m, and private ones from 15-30 m. With a water
table at about 5 m depth, it has taken only 5 years {the median age of tubewells in
Mananwala’s tail reach) to worsen groundwater quality down to at least 15 m. Records
of public tubewells should show a decline in water quality if the effect has reached
even greater depths. However, data collected by WAPDA'’s SMO point 1o a tightening
of the water quality values (poor quality tubewells improving and good quality
tubewells deteriorating), without a significant change in average water quality over
time (Johnson 1990).

Interestingly, Kung (1990) has recently described preferential flow paths in sandy
vadose zones (the layer between the water table and the root zone) as the mechanism
through which groundwater contamination can take place over a short period of time.

“ 1n public tubewells, the screen begins at a depth of around 45 m and extends to about
100 m; private tubewells are screened from a depth of about 15 m to 30 m.
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He is of the opinion that “funneled flow” occurs widely in most vadose zones. Because
preferential flow paths recharge the water table at distinct points, the dispersive nature
of these point sources of contamination at the water table should lead to 2 wide scatter
of quality values over short distances, which is precisely what has been found in all
IIMI study areas when sampling groundwater quality in observation wells and from
tubewell discharges.

SALINITY IN SOIL PROFILES

To assess the likelihood of a salinity problem for conventionally irrigated and
established crops, the mean salinity of the major root zone, i.e., where most of the
water extraction occurs, should be determined. To avoid a salt problem anywhere in
the cropped area, the maximum salinity observed should be taken as the salt index
for the field. But if salt problems are permitted to occur in about 15 percent of the area,
the sum of the mean and the standard deviation could be used as the salt index
(Rhoades and Loveday 1990). The value of the salt index thus obtained can then be
compared with that of the salt tolerance of the crops to be grown. Salt tolerances of
established crops based on growth and yield have been reported (e.g., ibid.) in terms
of their threshold values and percentage decrease in yield per unit increase of soil
salinity in excess of the threshold.

Soil salinity is conventionally expressed in terms of the electrical consiuctivity of the
extract of a saturated soil paste (ECe in dS/m). It has been suggested (ibid.) that
improvements in diagnosis can be made by using the salinity of the soil solution per
se, rather than that of the saturation extract, since the latter does not account for the
increase in salinity that the soil water undergoces between irrigations due to soil water
depletion.

Electrical conductivity measurements were made in situ in fields of sample farmers
during rabi 1989-90 and kharif 1990 with a resistance bridge and salinity sensors that
are meant to be left in place in the root zone to monitor salinity changes during the
season.® Results from 182 fields sampled in this way are shown as his*~erams of mean
profile salinity in Figure 8.19. As was expected, profile salinity ranges . ‘-lely, and was
higher in the tail watercourse commands, Mananwala RD143 and Pir Mahal RD133,
than elsewhere.

For the interpretation of these values, it should be realized that an EC value of 5 dS/
m corresponds to an osmotic potential of -2 bars, 10 dS/m to -4 bars, etc. The effects
of osmotic potential and matric potential (decreasing as the soil dries from water
absorption by plant roots) are additive. In general, photosynthesis and transpiration
are reduced when the total potential — the sum of matric and osmotic components
— drops below -4 to -5 bars.

%9 Because of physical interference with the equipment, the sensors could not be left in the
ficld. Soil samples were therefore taken from farmers' ficlds to the 1IMI's field station, where the
sensors were then buried in the samples and the EC determined after equilibrium had been
reached.
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Figure 8,19. Soil salinity of four watercourse commands of Mananwala and Pir Mahal
distributaries.
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In one-third to one-half of all fields sampled in the tail watercourse commands, profile
salinity was found to be sufficiently high to reduce crop photosynthesis even when
the soil is at field capacity. Even in the middle reach watercourse commands, profile
salinity in 5 percent of the sampled fields had reached such a level; significantly, those
levels were concentrated in the tail areasof those watercourses. In short, under such
conditions crops are stressed despite the fact that there is plenty of moisture in the soil.
It is not surprising, therefore, that crop yields in these locations are below expected,
let alone potential, levels,

The conversion of the apparent electrical conductivity values (ECa) to the more
familiar ECe values for calculating expected yield decreases, is not straightforward
since the conversion factor to be used depends upon both the clay content and the
soil water content at the time the ECa values were determined.  For the average
conditions represented by the soil samples, an ECa of 10 dS/m could be expected to
cause a decrease of up to 40 percent in yield of a medium tolerant crop such as wheat,
and a decrease of as much as 60 percent in the yield of sugarcane, which is medium
sensitive to salinity. These are only indicative values, since the absolute salinity
tolerances of crops also vary depending upon climate, soil conditions and cultural
practices. Morcover, other factors which could be limiting crop production have not
been considered in these estimales.
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SODICITY

Sodicity may induce Ca deficiency and various other micronutrient deficiencies
because the associated high pH and bicarbonate levels repress their solubilities and
concentrations. All of the tubewell water surveyed and results shown in Figures 8.17
and 8.18 have high pH values — merely 15 out of 85 have a pH below 8 — as well
as high bicarbonate values.

In contrast to normal and saline soils, sodicsoils typically have reduced permeabilities
and poorer tilth, resulting from a loss of structure and clay migration with the
movement of sodic soil water. Soil permeability and tilth responses to irrigation should
be assessed in terms of the salinity of the infiltrating water and the SAR value predicted
to result after irrigation, using the adjusted SAR of the irrigation water. Some other soil
parameters (c.g., clay mineralogy and content, organic matter content) are known to
affect the acceptable levels of EC and adjusted SAR.

In the absence of information on the aggregate stability of the sample soils, < general
guideline relationship based on EC of the irrigation water and SAR of the topsoil, has
been used to assess sodicity hazards of irrigation water (Rhoades 1982). The
combinations of mean EC values and mean SAR values for all tubewells surveyed in
head, middle, and tail watercourse commands of Mananwala Distributary, as shown
in Figures 8.17 and 8.18, barely fall inside the range of unlikely permeability hazard.
About one-quarter of the tubewells in the tail-reach watercourses, however, have EC
and SAR values that are within the range of waters likely to cause permeability
problems.

In April 1990, ficld staff carried out a rapid appraisal survey to record the visual
presence of salinity — either as surface salting or obviously salt-affected crops — in
the command areas of 7 watercourses of the Mananwala Distributary, including RD71
and RD143, covering a total of 1,206 ha. Al the same time, the presence of dense, hard
layers was also assessed by probing the soil with a narrow probe to feel the resistance
in the top 50 cm of the profile. An increased resistance could be a possible indication
of clay migration and reduced soil permeability. In 4 percent of the total area surveyed,
the effects of salinity were observed and in 76 percent dense layers were present.
Ifowever, when just the tail-reach areas of watercourses and distributaries are
considered, these proportions are 17 percent for presence of salinity and 79 percent
fordense layers. By contrast, for head-reach areas only, there was less than a 1-percent
incidence of salinity and a 51-percent occurrence of dense layers. These data strongly
reinforce the conclusion of a general deterioration in soil conditions towards the tail
within distributary canal commands due to secondary salinity.

In addition, saturated conductivity was determined by [IMIficld teams with a Guelph
permeameter in over fifty fields in sample watercourse commanas of both Pir Mahal
and Mananwala distributaries. Infiltration rates were determined with single ring
infiltrometers in an equal number of sample fields. Large spatial variability of saturated
permeability and basic infiltration rates were observed, and zero values for both
parameters were often recorded in salt affected fields. The median values of the (non-
zero) saturated permeability rates were used to characterize the soil for modeling
purposes, which is discussed in greater detail below,
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With respect to the problem of sodicity, the field observations we have just described
point towards a structural decline of soils resulting from irrigation with sodic irrigation
waters. This has important implications for the reclamation of soils by leaching.

SALT BALANCE

The removal of salts from the root zone, to maintain the soil solution at a salinity level
compatible with the cropping system, requires a downward flux of water and salts in
the soil below the root zone. The fraction of infiltrated water that passes through the
root zone is called the leaching fraction. A salt balance has been attained if, through
this leaching process, the total salt content in the root zone remains constant. Hence,
sufficient irrigation water, combined with rainfall, must be applied over and above the
evapotranspiration needs of the crop, so that there is excess water to pass through and
beyond the root zone and to carry away salts with it. This excess water is referred to
as the leaching requirement.

In order to predict the long-term consequences of irrigation with undiluted tubewell
water of questionable quality, it is important to know the effect of sustained irrigation
on soil salinity.®* Through computer modeling and simulation of water and salt
balances, it is possible to assess the effect of current farming practices on the build-
up or removal of salts from the profile.

¥ Recently, the concept of leaching requirement has been criticized (e.g., Smith and Hancock
1986). It has been argued that with the practical problems of water management at field level
it is likely that the leaching fraction (i.e., the amount actually applied in excess of consumptive
use requirement of the crop) will be more than the calculated leaching requirement,
unnccessarily increasing the salt load of the drainage water, Leaching fractions, plausible under
normal farming practices, have been calculated through the simulation of salt and water
balances.

%Soil salinity was monitored in the field under sustained saline irrigation in northern India
by Bajwa ctal. (1986). The study was carried out on a well-drained loamy sand of lighter structure
than most of the soils in our sample areas. Moreover, the irrigation water which was synthesized,
had a combination of EC and SAR which puts it further into the range of unlikely permeability
hazard than most of the wbewell water we have observed. This combination of differences
suggests that the results of Bajwa's study are of limited applicability to the rescarch reported here.
Nevertheless, it is of interest to note that salinity increased rapidly in the soil profile during the
initial years. After five years, the average soluble salt content in 0-90 cm profile did not vary
appreciably and the mean ECe under sustained saline irrigation remained similar to the EC of
the irrigation water.
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Two computer models for water balance and salt balance have been used for this
purpose.®® The input data requirements of the model refer to basic properties of soils
and plants. These include dependence of matric potential and unsaturated conduc-
tivity on walter content; root depth during the season and fractional amount of active
roots in a particular increment of depth; initial conditions of water content and soil
solution concentration versus depth; boundary conditions of potential evapotranspiration
rate, rainfall and irrigation amounts; and the presence or absence of a water table, The
mode! has been tested under various environmental conditions (e.g., Nimah and
Hanks, 1973) and used to generate results over several years which would otherwise
be too costly to obtain through field studies (Hanks 1984). In general, good agreement
is obtrined between computed and measured waler contents and salinity profiles, But
the effect of salinity on crop yield is less frequently accurately predicted by the model.

We have used Hanks' model to simulate water and salt movement into and out of
the root zone for three major crops grown in the command of the LCC system: cotton
during kharif, wheat during rabi, and sugarcane over both seasons. Evapotranspiration
rates were calculated from metcorological data and the other boundary conditions,
including the initial water content and salt concentration derived from measurements
in the field. Sand and clay contents were determined from representative soil samples
collected when waler table observation wells were installed in the sample water-
courses of cach distributary canal command. This information, combined with the
measured saturated conductivities, was used to identify characteristic soil types based
on soil data compiled by Wosten (1987, also Wosten and Van Genuchten 1988). The
soil physical parameters, required as input for the model for the three soils chosen for
modeling — a sandy loam, a silt loam, and a clay loam — were those characteristic
for each type ™

Simulations were done for both the median EC value and the 75 percent value (i.e.,
values exczeded by 25 percent of the samples) of irrigation water qualities being
pumped by tubewells and used by farmers in tail-end watercourse commands (see

3 RJ. Hanks, Utah State University ,was kind enough to make these models availabie for use
by 1IMI Pakistan. They are described in greater detail by Childs and Hanks (1975) and Hanks
(1984). As with all models that are simplifications of complicated processes in reality, many
critical 2ssumptions must be made. In this case, the key assumptions involve the soil properties
and the root extraction term. Akhough various attempts have been made to make these models
more “realistic” by including additional plant factors, this has not resulted in better predictability
when they are applied to actual field situations. The problem is further confounded, because
as more parameters are included in the model, its use becomes restricted Lo research institutes
with facilities for measuring the required data. The model, as used, already requires information
that is not readily available in Pakistan (see Kijne 1989).

% An initial test of the validity of this approach was made during Rabi 1989-90 on six wheat
fields in the command area of RD 133, Pir Mahal Distributary. The wheat fields were on two
different soil types, and the model predicted the salinity and water content profiles at the end
of :he season satisfactorily. Detailed results of this work will be reported separately clsewhere.
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Figures 8,17 aind 8.18). Median irrigation applications for wheat grown in Mananwala
Disiributary command, and for coiton and sugarcar.e grown in Pir Mahal Distributary
command, were used as input in the model. The results of these simulations are

presented in Table 8.3.

Tizble 8.3. Simulated water and salt movement for irrigated wheat, cotton and sugarcane in

the LCC system.
Crop Soil IR+R Eciw Rel EVT leaching | Fractional change in
(cm) (dS/m) fraction | root profile salinity
wheat Sal 38.9 21 1.0 0.47 -0.58
wheat Sal 38.9 2.5 1.0 0.47 -0.58
wheat SiL 389 2.1 0.99 0.28 -0.35
wheat SiL 38.9 2.5 1.0 0.28 -0.24
wheat CIL 38.9 2.1 1.0 0.02 ~-0.24
wheat CIL 38.9 25 1.0 0.02 +0.46
cotton SaL 66.4 2.1 1.0 0.26 +0.20
cotton SalL 66.4 2.5 1.0 0.26 +0.39
cotton SiL 664 2.1 1.0 0.04 +0.80
cotton SiL 66.4 2.5 1.0 0.04 +0.80
colton CIL 66.4 2.1 1.0 0.18 +0.57
cotton CIL 66.4 25 1.0 0.17 +0.89
cane Sal 109.9 2.1 0.85 0.21 +0.03
cane SalL 109.9 2.5 0.85 0.21 +0.22
cane SIL 109.9 2.1 0.72 0.09 +1.26
cane SIL 109.9 2.5 0.72 0.09 +1.74
cane CIL 109.9 2.1 0.74 0.23 -0.50
canc CIL 109.9 25 0.74 0.23 +0.53

Notes: R = Rainfall
IR = Irrigation
ECiw = Electrical conductivity
EVT = Evapotranspiration
Sal. = Sandy loam
SiL. = Silt loam
CIL = Clayloam

It is immediately observed that the actual leaching fractions for wheat and cotton
in sandy loam are greater than that in either the finer textured silt loam or clav loam
soils. In the cases of cotton and sugarcane, the leaching fraction is smallest in the silt
loam. The change in profile salinity, expressed as the ratio of profile salinity before
and after the growing season, varies according to the salinity of the irrigation water and
the leaching fraction. The largest increase in profile salinity takes place in sugarcane



171

grown on silt loarn with irrigation water of 2.5 d3/m, i.e., an increase of 1,7 times in
a single season. Another important observation is that leaching is far more effective
for wheat during the cooler rabi season — leading to a decrease in profile salinity for
most of the node:ling combinations — than for crops grown during the hot kharif
seasor., even though monsoon rainfall exceeds that from winter rains.

It would be interesting to know how long it would take to bring farmers' fields at
tail ends of distributaries and watercourses back to acceptable salinity levels by
irrigation with canal water only, or with a mixture of canai water and t:bewell water.
We have been unable to address ihis important issue tlirough modeling as yet, because
the model requires further modification so that some adverse effects of long-term
irrigation with saline water can be considered, e.g., degradation of soil structure and
reduction of hydraulic conductivity. Nevertheless, at this juncture, it is reascnable to
assume that so long as the soil structure is not affected, the build-up of profile salinity
is reversible and reclamation should not take much longer than it took the szlts initially
to accurnulate in the profile. However, where clay migration in the profile has led to
compacted layers and sharply decreased hydraulic conductivities, the reversal process
will be very slow.

CONCLUSIONS: IRRIGATION MANAGEMENT IMPLICATIONS

The foregoing analysis and discussion of a large body of measured and observed data
confirm the existence of a disturbing pattern of increased salinity-related problems in
irrigated agriculture as location changes in the surface irrigation system with increasing
distance from the head of both distributary channel and watercourse commands. The
source of salt accumulation in the crop root zone of soils is the tubewell water of
doubtful quality used by farmers for irrigation. Serious and persistent inequity in the
distribution of high quality cana! water within distributary commands, which is also
mirrored at the watercourse level, has meant that farmers in middle- and tail-reach
locations have become increasingly dependent upon pumped grundwater to meet
the bulk of their crop water requirements. For reasons that are not well-understood
at this juncture, the quality of groundwater pumped by tubewells generally decreases
within distributary command areas from the head to the tail. Farmers in the tail areas
therefore face a double handicap: they receive a far smaller proportion of their share
of canal water than do farmers upstream along the same distributary, especially in the
head reach, and the groundwater in these locations, which must be used to obtain any
crop, is of poorer quality than elsewhere.

It is well-known that the sustained use of poor quality irrigation water without
adequate leaching of salt~ from the root zone has impc rtant consequences for the long-
term productivity of irrigated agriculture. This is likely to be one reason for generally
lower crop yields observed in our sample areas, although no attempt has been made
to relate actual crop yields with either the presence of salts in the root zone profile or
the salinity of irrigation waler. Because there are many other potential reasons for the
low yields of agricultural crops in Pakistan, a separate program of targeted field
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research by an appropriate specialized national organization is needed to quantify the
effects of salinity in this respect.

Itshould be realized thatirrigated agriculture can successfully use water for irrigation
that is more saline than that found in the command area of Mananwala and Pir Mahal
distributaries. However, that would require mixing saline water with better quality
canal water for irrigation, at least during germination and other sensitive crop growth
stages, or changirg production to more salt-tolerant crops (e.g., fodder crops) or
agroforestry, or adopting some combination of these two approaches. Recent
examples of the reuse of drainage water for irrigation illustrate the potential use of
brackish waters (e.g., see the recent review by Westcot 1988).

Theoretically at least, mixing caral water and tubewell water for irrigation is a
feasible alternative for farmers. But the problems faced by farmers attempting to do
so, as well as the attendant management implications, are well-illustrated in the
following examples which draw upon the “real world” condiiions of irrigated
agriculture in the sample areas of our studies. During peak months, canal water
constitutes about 28 percent of the total water used in agriculture in the sample areas.
For a tubewell water quality of 1.8 dS/m (the median EC value of the entire Mananwala
tubewell waler quality sample), and 0.4 dS/m for canal water, mixing in the ratio 0.72
: 0.28 produces an average waler quality of about 1.4 dS/m. It will be immediately
noted, however, that this average EC value is still in the range of waters now recognized
as being unsuitable for iisigation without mixing with better quality water. Moreover,
the actual quality of the mixed water becomes worse toward the tail-end distributary
commands, because of the decreasing proportion of canal water to pumped
groundwater that can be mixed, and the increasingly poorer quality < groundwater
in the mix.

Therefore, assuming no significant changes in current cropping natterns, manage-
ment interventions with the objective of bringing the average EC value of the mixed
irrigation water available to middle 2nd tail watercourse commands below 1 dS/m, for
instance, seem certain to require, and must somehow produce, greater quantities of
canal water for mixing than are presently available at these locations. That is a
formidable challenge, but management opportunities do exist to greatly improve the
current pattern of equity in distribution of canal water at the distributary level as, for
example, was demonstrated by previous IIMI/PID acticn research on selective canal
maintenance (Vander Velde and Bhuttz 1989; Vander Velde 1990). However, present
conditions of distributary system performance also rcflect the increasing failure of
existing institutions to observe and enforce long-standing rules and procedures of
irrigation system operations and administration in Punjab. That situation raises critical
institutional issues that require both carefully designed and sensitively implemented
research before a fuller range of appropriate management responses can be developed
with potential to restore water distribution equity conditions to acceptable levels.
Unfortunately, as the following more extreme example illustrates, the amounts of
water made available through such efforts, will probably be insufficient to meet mixing
requirements.
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Since the median EC value of tubewell water in the head reach of the Mananwala
Distributary is less than 1 dS/m, farmers there could rely completely upon tubewell
water to meet the needs of irngated agriculture without changing their curient crop
mix or incurring secondary salinity problems. Insuch a hypathetical situation, all canal
water would then be available for mixing in middle- and tail-reach watercourses. In
order to produce an average EC water quality value of 1.04 dS/m for middle-reach
farmers, 36 percent of the canal water now available would be required for mixing in.
However, the remaining 64 percent of canal supplies would, when mixed with
available groundwater, result in an average EC water quality value of only 1.23 dS/m
for tail-reach farmers. Thus, given the comparatively low proportion of canal water
currently available and used in meeting irrigated agriculture requirements during peak
consumption months, it is still not possible to bring irrigation water quality to within
acceptable limits throughout the entire canal command area, even if head-end farmers
were 1o use no canal water at all! The fact that average water quality during peak
periods remains above 1 dS/m in part of the command area may not be harmful,
provided, of course, that in other months of the year water quality is below the harmful
limit and salis can be leached from the soil profile. Unfortunately, there is no evidence
from curent irrigation practices that this conditionality can be or is being met.

Changes in cropping patterns, as suggested above, may also be a means of sustaining
agricultural production with poor quality irrigation water. So far, we are unaware of
any systematic research that has focused upon farmers’ responses to the adverse effects
of poor quality water supplies and secondary salinity. Johnson (1990) has reported
higher proportions of cropped areas under rice and sugarcane, and smaller areas under
vegetables and orchards in holdings irrigated with tubewell waters of more than 1 dS/
m in the Lagar command area. This finding, and our field ohservations elsewhere,
confirra that farmers are aware of the harmful effects of prolnnged irrigation with poor
quality tubewell water. Hence, it is conceivable that farmers are already deliberately
responding to these conditions through changes in their cropping patterns. Whether
or not a productive irrigated agriculture can be sustained through such changes is a
subject that requires both monitcring and continued evaluation of several dependent
variables — including aquifer discharge and recharge, groundwater quality, and canal
system performance — for which effective institutional mechanisms do not yet exist.
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CHAPTER 9

Application of Mathematical Models for
Simulation of Canal Operations at
Kirindi Oya, Sri Lanka: Preliminary Results

Hilmy Sally and Jacques Rey

INTRODUCTION

A NUMBER OF mathematical models are currently available for studying the hydraulics
of rivers and canals. Muodels have also been developed fer the automatic regulation
of irrigation systems in 1eal time, Compared to these models, the innovative feature
of the mathematical flow simulation model of the Kirindi Oya Right Bank Main Canal
(RBMCQ) is that it provides naw opportunities for studying manually operated irrigation
systems. In fact, the development and application of the RBMC flow simulation model
constitutes the first stage of a research program intended 1o be of regional scepe. The
overall objective is to demonstrate the feasibility of using simulation models as
decision-support tools for improved performance of manually operated irrigation
systems.

Phase I of the Kirindi Oya RBMC simulation m.del project coasisting of software
development, field calibration of the model, and production of a comprehensive set
of manuals was completed in 1990. 1IMI's partners in implementing this project were
CEMAGREF,*” France and the Sri Lank4 Irrigation Department (ID). Partial funding
support was provided by the French Ministry of Foreign Afairs. This was supple-
mented by substantial contributions in terms of staff time from 1IMI and CEMAGREF.

‘This paper presents the first results of using the Kirindi Oya RBMC model to
formulate appropriate operational responses to some typical canal management
problems, identified in consultation with the canal managers themselves, The material
presented in the paper draws on unpublished internal reports as well as documents
presented to the Study Advisory Committee, the Sri Lanka Consultative Commitiee, and
IIMI technical staff seminars. The results should however be considered indic2ive at
this stage in the sense that they have yet to be implemented and evaluated in the ficld.
Comprehensive field-testing of the simulation model as a decision-support tool in
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Figure 9.1. Issue tree diagram of the Kirind{ Oya Right Bank Main Canal.
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canal operations will be carried out under Phase II of the project which began in
February 1991,

KIRINDI OYA RIGHT BANK MAIN CANAL (RBMC)

The Physical Context

The RBMC was developed as part of the Kirindi Oya Irrigation and Settlement Project
in southern Sri Lanka (Figure 10.2 on p.209). The principal objectives of the project
are: (a) the augmentation of water supplies to the existing irrigated arcas covering
around 4,500 hectares (ha), and (b) the settlement of over 8,000 families in the newly
developed irrigated command area of around 8,400 ha. The RBMC itself was intended
lo irrigate about 5,000 ha of land. The development of about 3,650 ha (consisting of
Tracts 1, 2, 5, 6, and 7) has been completed to datz. But only the 2,743 ha of Tracts
1, 2and 5 have ever been irrigated; Tracts 6 and 7 rzceived irrigation waler for the first
time in 1991,

The RBMC takes off from the Lunuganwehera Reservoir (198 million m? active storage
capacily). The canal is 32 kilometers (km) long and unlined with a design bed slope of
3 in 10,000 (30 cm per km). It was designed to carry a discharge of 13 m¥/s at its head
but this value rarely exceeds 7 m*/s under present operating conditions.

The RBMC model presently covers only the first 25 km of the main canal
encompassing Tracts 1, 2 and 5. A total of 33 distributary and field channels take off
directly from the main canal in this 25-km length (see issue tree in Figure 9.1). The
offtakes are gated and of the undershot type. The downstream water leve! is controlied
by weirs (cither sharp-crested or broad-cicsted) that also serve as flow measuring
devices (Figure 9.2). The broad-crested weirs are of fairly recent origin, having been
constructed in place of the original sharp-crested weirs that were often found to be
functioning under submerged flow conditions.

The RBMC is further characterized by the presence of 14 gated cross-regulators for
water level control. The regulators are made up of a set of movable undershot gates
(ranging in number from 5 at the head, to 2 at the tail) and a couple of lateral sidewalls
(Figure 9.3).

The Operational Context

The managing agency in Kirindi Oya is the Sri Lanka Irrigaiion Department (ID). A
succinct view of the organizational chart of the project is shown i Figure 9.4. Water
management activities are under the responsibility of a Senior Irrigation Engineer (SIE).
Main canal operations are centered on maintaining full supply depth (FSD), corre-
sp.unding to the crest level of the sidewalls, at cach of the cross regulators. Gate
operators attempt to achieve the target levels by adjusting the openings of the regulator
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Figure 9.2. Qfftake.
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Figure 9.4. Organizational chart of the Kirindi Oya Irrigation and Settlement Project.
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gates. A cross-regulator operator usually has the added responsibility of operating a
certain number of offtake gates (along the main canal as well as along nezrby
secondary or tertiary canals). The objective here is to deliver target discharges,
assessed by means of the measuring devices located at the heads of these canals.

Even though the operational objectives are fairly well-defined, the operational plans
1o actually attain these objectives are less-evident, especially at the cross-regulators.
Ad hoc, uncoordinated interventions at the regulators give rise 1o instabitities in canal
waler levels which in turn could result i inequitable water distribution.. This problem
assumes even grealer significance given the chronic water-short situation of the Kirindi
Opya Scheme. Indeed, double-cropping throughoutthe scheme has not been achieved,
and crop failures due to curtailment in irrigation supplies have occurred. Furthermore,
the original plan to extend the command area to include Tracts 3 2nd 4 has been
abandoned.

In this context, there is a lot of scope for greater efficiency in water distribution
through improved main canal operations.

Constraints to effective main canal operations have been identified in the course
of this present research project as well as in other studies conducted in Kirindi Oya,
cov‘*rmg aspects such as:

the impact of design on the management and performance of the main canal
(1M1, 1989),

* irrigadon systems management with a view to crop diversification (IIMI, 1990),

and

* management decision-making processes (Nijman, 1991).

The lack of a suitable decision-support tool makes it difficult for the SIE in charge
of water management to formulate appiopriate system-wide operational strategies.
This situation is exacerbated by inadequate information transfer procedures, Opera-
tors could therefore sometimes unknowingly carry out local operational interventions
which are not only unnecessary but which may also create perturbations that give rise
to instabilities in canal water levels throughout the systzm. Malaterre (1989) showed
that too frequent gate adjustments at a single regulator to maintain the water level
within £2 cm of FSD cculd result in oscillations in the water surface profile with
amplitudes as high a5 19 ¢cm in some locations.

The difficulty in formulating hydraulically optimum strategics for routine operations
is compounded when confronted with exceptional operational situations such as,
(@) reestablishing steady state in the canal following deviation from the target
condition, (b) filling of the canal, and (c) responding to rainfall.

PRINCIPAL FEATURES OF THE RBMC SIMULATION MODEL

The RBMC software is designed to run on an IBM PC-AT or PS/2 compatible
microcomputer under the MS-DOS operating environment. A mathematical co-
processor and EGA monitor are required. Graphics output capability on HP
compalible plotters is also available,
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The model is menu-driven and includes user-friendly interfaces to allow the canal
manager as well as the researcher to quickly simulate a variety of hydraulic design and
management configurations on the canal. The user also has access to an on-line help
proczdure while running the model.

The model consists of three software units that can be run either independertly or
sequentially:

1. A Topography Unit for the input and verification of the topographic data of the
canal; it creates the topography files needed to run the computational programs
of the steady and unsteady flow units.

2. A Steady Flow Unit that computes the canal water surface profile for any given
combination of offtake discharges and cross-regulator gate openings; the user
can also impose a target discharge at each offtake 2nd reference levels at the
cross-regulators and the model wili compule gate openings along the canal; it
also generales the initial hydraulic conditions for running the unsteady flow unit.

3. An Unsteady Flow Urit that simulates the transient flow conditions occurring in
responsc lo changes in the walter supply or demand, or due to operations at the
headworks and/or control structures; the user will be able to identify the best
way lo move from an initial water distribution plan to a new plan; the efficiency
of different operational strategies can be evaluated through a set of perforrnance
indicators that integrate information on w.ter delivery, either at a single offtake
or at all the offtakes Two types of indicators have been defined: (a) volume
indicators, and (b) timeliness indicztors.

Units 2and 3 generate numerical as well as graphical outputs. The graphical outputs
in particular can be used as training malerial for canal managers and irrigation
professionals to study the hydraulic behavior of main canals.

MODEL CALTSBRATION AND VERIFICATION

The reliability of model results largely depends on the quantity and quality of the input
information used to describe the physical and hydraulic features of the real system.
Calibrating the model to reflect the field conditions as accurately as possible is an
essential prerequisite to carrying out meaningful applications of the model.

The phvsical information required includes (a) a longitudinal profile of the canal
bed, (b) cross sections of the canal at suitable intervals to capture all hydraulically
significant features, and (c) the locations and dimensions of all cross-regulators,
offtakes and other singularities along the canal. ‘The physical information was gathered
in the course of a topographical survey.

The hydraulic information includes (a) roughness coeflicients for the different
reaches of the canal, (b) head-discharge relationships and discharge coefficients for
the offtake and regulator gates, and (¢) seepage losses along the canal. The values of
these parameters were estimated in the course of a number of field mcasurement
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campaigns, the first of which is described in Sally et al. (1989).

Verification (by comparing field ubservations with model gznerated outputs of
water levels and discharges) and subsequent updating of the hydraulic parameters
(and, less frequently, the topographical information) as needed are an integral part of
model maintenance. This ensures that the model continues (o yield realistic results.

Field observations carried out during the yala (or dry) cultivation season in 1990
under both steady and unsteady flow conditions have highlighted the good predictive
capability of the model with the present set of hydraulic parameters. (As an example,
Figure 9.5 compares model output with field measurements on 29 june 1990.)

The values of these hydraulic parameters are:
Offtake (undershot) gate discharge coefficient = 0.60

Cross-regulator gate discharge coefficient = 0.48 - 0.60
Cross-regulator sidewail discharge coefficient = 0.40
Strickler coefficients = 25-35 (i.e., Mannings n = 0.04-0.029)

Seepage losses estimated at 26 1/s/km (average).

The model also has the flexibility to accommodate different values of roughness
coefficients and seepage loss per reach, if necessary (e.g., different values associated
with “cut” and “fill" sections of canal).

Figure 9.5. Comparison of model output and field measurements of water level in Tract 1
(29 Jure 1990).
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MODEL APPLICATIONS AND FIRST RESULTS

Field experimentation on live irrigation systems to identify innovalive operational
practices is seldom feasible — people and crops could be adversely affected. In
addition, understanding the hydraulic behavior of the entire canal, especially during
unsteady flow conditions, is quite difficult, given the presence of a number of
regulating devices and the strong interdependency between the reaches. Most of the
time, canal managers are thus unable to formulate optimum operational strategies as
they are not in a position to foresee the impact of their decisions.

This dramatic lack of knowledge about system behavior can be reduced by using
the simulation model as a dJecision-support tool. The impact of any planned
intervention can be assessed prior to implementation in the field. Inadequacies in the
current management response can be detected and quantified.  Proposals for
improvement can in turn be studied with the support of the medel. Those which are
compatible with the existing operational environment (i.e., physical infrastructure,
staff, communication faciliiies, etc.) may then be selected for field implementation and
evaluation.

In this chapter, the results of applying the Kirindi Oya RBMC model 1o address some
typical operational problems that reflect, to a large extent, the concerns expressed by
the ID operations staff are presented. We shall conclude this chapter with some
applications cf the model for design verification, which were again carried out at the
request of the Irrigation Depantment.

The interaction with 1D Jeld staff, the ultimate end users, in planning and carrying
out these simulations has been extremely rewarding. The impact of the model from
the training perspective should be emphasized. The ID staff truly appreciate the fact
that he simulation model helps them to enhance their knowledge of the hydraulic
behavior of the canal and now recognize the range of possibilities afforded by the
model to identify effective and responsive main canal operational practices.

Determining Offtake and Regulator Gate Settings to achieve
Water Distribution Plans

This is a direct but very powerful application of the steady flow unit of the model. It
addresses the concern expressed earlier about the lack of explicit operational plans
to achieve target water levels and discharges.

Canal operation parameters (water demand at offtakes, main sluice discharge, cross-
regulator gate openings and/or target waler levels, etc.) are set and the steady state
situation is simulated. Device openings, discharges, water surface elevations and
volumes are generated. The simulation results maybe visualized in numerical or
grapanical format. In addition, a summary of key results of operational interest is also
produced in the form of an Operational Piintout. This printout lists the offtake and
regulator gate seltings (in terms of gate openings and corresponding spindle heights)
required to catisfy the simulated water distribution plan. Itis therefore meant to serve
as an operational guide fur the canal manager.
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Evaluating Impact of Interventions at Nearby Gates on Offtake
Discharge

This problem will be illustrated using the distributary canal DC5 and cross-regulator
GR3 of Tract 1 (see issue tree diagram of figure 9.1 for their relative locations). An
example of analysis is given below: (Question/Answer)

Q. What would be the impact on the discharge in DCS5 of a sudden gate opening
at regulator GR3, located immediately downstream?

A. One of the gates of regulator GR3 is fully opened at 0600. The main canal level
immediately begins to fall and the discharge in DC5 shows a corresponding
decrease from the initial steady otale value of 142 I/s. Three hours later (at 0900)

the discharge is zero (Figures 9.6 and 9.7):

This simple simulation is indicative of the type of investigation that can easily be
performed using the unstcady flow unit. It demonstrates the consequences of carrying
out localized interventions without consideration for possible consequences at

neighboring locations.

Figure 9.6. Impact of opening of neighboring cross-regulator on main canal water level near
DC5.
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Figure 9.7, Impact of opening of neighboring cross-regulator on discharge in distributary

canal DCS.
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Determining Canal Filling Procedures

Canal filling is a critical operational problem that has to be faced at the beginning of
the cultivation season as well as when water is reissued after a period of main canal
closure (e.g., following substantial rainfall). The objective is to minimize the time taken
to stabilize the main canal water level (i.e., rapidly achieve a steady state) and deliver
the targe’ discharges at all the offtakes, whilst simultaneously ensuring that the canal
banks do nc: overtop.

The problem s to identify, both in terms of magnitude and timie, suitable procedures
for operating the main sluice, cross-regulators and offtakes to satisfy the above
requirements. These procedures can be identified by running the steady and unsteady
flow units of the model in sequence.

The field implementation essentially consists of opening the cross-regulator gates
1o their target values, reach by reach, once FSD is attained. The offtakes can also be
opened to their target values at the same time.

The validity of a model-generated canal filling procedure was verified in the ficld
in Tract 1 on 7-8 August 1990 (Rey 1990).

The offtakes and main sluice remained closed on 6 August 1990. At1000 on 7 August
cross-regulators GR2 and GR3 were opened so that the first two reaches of the canal
were drained. In the afternoon, the main canal water level was very low. The levels
upstream of the two regulators were:

GR2: (FSD-124) cm at 1520 11
GR3: (FSD-85) cm at 1730 I
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The ID had scheduled an increase ~f the main sluice discharge to 2.8 m*/s (100
cusecs) in order to supply water to the older Badagariya system at the tail end of the
RBMC. This opportunity was taken to observe the flling of the first 2 reaches of the
canal and to field-test the simulation model results (raagnitude of gate openings and
time of intervention).

The main sluice was opened at 1520H and the regulators Git2 and GR3 clesed again
at 1600H and 1730H, respectively. The first reach (DAM-GR2) was filled in two and
a half hours. The GR2 gates were then opened to the target values (expected to ensure
FSD) after volunuarily allowing a short phase of flow over the sidewalls. FSD was
achicved after sometime and a steady state was established. A similar operation was
performed at GR3 and a steady state corresponding to FSD was achieved at this location
as well. The filling phase of recach GR2-G3 is presented in Fig. 9.8.

Figure 9.8. Filling pbase of the reach (GR2-GR3).
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The following hypothetical example is now used to demonstrate the influence of
the head sluice discharge scenario on the speed of canal filling:

Tracts 1, 2 and 5 are all under irrigation. The planned head sluice release is 6 m¥/s.
The cross-regulators arc progressively adjusted to maintain FSD. It lakes over 20 hours
for the discharge in the last offtake (DC13 in Tract 5) to attain its target value.

We shali now examine how water can be conveyed to the tail end at a faster rate
by temporarily maintaining the head sluice discharge at a higher value than the target
requirement for a certain period of time.



Figure 9.9. Water level above FSD at GR1S for different head sluice releases.
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Figure 9.10. Discharge in DC13 (Tract 5) for different head sluice releases.
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If the discharge is initially maintained at 8 m%/s for a period of 10 hours, the tail-end
offtake would begin to receive water 11 hours after the main sluice is opened. In
addition to the reduction in the time lag for water conveyance, this approach has the
added advantage that all major gate operations could be completed within the daylight
hours of one day. The temporary oversupply of water can be used to fill the secondary
and tertiary canals fas.cr.

Figures 9.9 and 9.10 show the arrival time of the waves when the main sluice
discharge is mairtained at 8 m*/s for 0, 5, 10 and 12 hours, expressed in terms of (a)
main canal water level at cross-regulator GR15, located immediately downstream of
distributary DC13, and () discharge in DC13 itself.

Using the Model as & Diagnostic Tool to Evaluate Water
Delivery Efficiency at Offtakes

Inthe case of the offtakes, the operational target of the turnout attendants is to maintain
a given head over the control weir located downstream of the offtake. Its value, read
off a rating curve, corresponds to the target discharge for that offtake during the period
in question. The required value is supposed to be achieved by trial and error
adjustments to the offtake gate opening.

A number of studies (e.g., IIMI 1989 and Malaicrre 1989) have highlighted the
tendency for water deliveries at the offtakes to deviate from the theoretical water
supply schedule in favor of an almost “on-demand” situation of sati.fying farmers’
requests in order that there are “no complaints.” This gives rise to a basic dilemma
where on the one hand, water resource constraints would seem to dictate that strict
enforcement of the water delivery schedule is needed and on the other, this may lead
to difficulties in the context where farmers’ participation in system management is
being actively sought. In hydraulic terms, ad-hoc interventions on the reguiating
devices could generate local closed loops that disrupt the entire functioning of the
canal and which may sometimes even endanger its physical integrity.

Some of the reasons for deviations from the water supply schedule are:

* Incorrect assessment of the discharge by the operator due to inaccurate rating
curve at the weir, or submerged flow conditions.

* Une:pected walter-level variation in the main canal without corresponding
correction of the offtake gate openings.

* Voluntary deviation from the schedule, perhaps due to:

- a response 1o farmers’ requests
- a specific tempciary need such as speeding up the filling of a secondary canal.

The canal manager presently lacks adequate means for diagnosing and analyzing
the cause of observed deviations from the water supply schedule at the offtakes and
for identifying appropriate corrective action. Diagnosis is difficult to perform without
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precise knowledge of the target state of the system in terms of gate openings. Overall,
the lack ci reference data on the settings of the devices makes it difficult for the
manager to detect anomalies in operation. In this section we shall demonstrate the
use of the RBMC simulation model for these purposes (see Rey, 1990 for a deiaiied
presentation).

The water declivery hydrograph at any offtake can be generated using field
observations and the simulation model as follows:

* Recording of offtake and regulator spindle heights (magnitude and time)
whenever adjustments are made.

* Regular steady state measurements and verification.

* Unsteady {iow simulations.

The simulations, based on observations made in Tract 1 during the month of July
1990, illustrate the use of the model as a diagnostic tool to estimate water delivery
efficiency ai offtakes. Distribuiary channels DC3 and DCS will be used as examples.

Figure 9.11 clearly indicates the degree of oversupply to DC3 with respect to the
theoretical target, computed in terms of cumulative volumes over 4-day rotational
periods.

Figures 9.12 and 9.13 show some of the results of the routine field monitoring and
simulations carried out on the offtakes in Tract 1 during July 1990.

Figure 9.11. Comparison of target and computed volumes over 4-day rotational periods
(between 4 July-1 August 1990) in DC3 Tract 1.
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The simulation model therefore proves to be useful not only to identify effective
operational practices, but also for performance evaluation. Performance indicators
such as Delivery Performance Ratio (DPR) and Relative Water Supply (RWS) can be
computed, at one or more offtakes and over any period of time.



192

It was indicated earlier that sometimes there are voluntary deviations from the
theoretical delivery 1arget. Such silualions can also be analyzed using the model. The
discharge computed immediately after an operator's intervention is considered to
represent the operators' discharge target, which could be different from the theoretical
larget.

Figure 9.12. Discharges in DCS, Tract 1 (28 July-1 August 1990).
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Figure 9.13. Volumes in DCS, Tract 1(28 July-1 August 1990).
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Comparing the values of these two targets, as in Figure 9.14 will bring to light the
existence of voluntary deviations. Figure 9.14 indicates that the operator’s interven-
tions on 4 July, 8 July, and 16 July resulted in his achieving the theoretical target
discharge. The oversupply observed on the other days could be because the operator
is responding to farmers’ requests for vater, which are usually more than the scheduled
discharge. Investigations to identify the underlying causes could include verification
of the weir rating curve, reconsideration of the water requircment computation
assumptions, ctc.

Figure 9.14. Deviation from theoretical target by gate operators at DC3 Tract 1 (4 July-1
August 1990).
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Responding to Rainfall

Given the critically waler-short coniext of the Kirindi Oya Project, ID staffl often
expresses the view that one way of economizing water use is through betier use of
rainfall. Rainfall in the project area exhibits considerable spatial variability. A
precondition for implementing a strategy to respond to rainfall is information transfer
(on the time and quantity of rainfall) from the field to the SIE in the water management
unit. Effective communication channels for conveying operational instructions, almost
in real-time, from the SIE to the field are alsu required.
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The rainfall response problera can be analyzed in two stages:

1. When rainfall occurs in a particular area, turnout attendants normally close the
offtake gatcs. If there is no rainfall in other areas, what actions siould bz taken
to ensure that these arcas continue to receive adequate water supply? The
present management response is to adjust some gates, by tria* and error.

2. Whatshould be the response when heavy rainfall occurs throughout the project
arca? Presently, the water issues at the offtakes and main sluice are reduced in
proportion 1o the amount of rainfall received. If the rainfall exceeds 25 mm the
main sluice discharge is reduced to about 600 I/s (which corresponds to the
empirical minimum discharge requircd to compensate for secepage losses along
the canal), and regulators are closed, the ID objective being to maintain the levels
in the main canal.

The problem can tnus be summarized as shut-down (partial or complete) of the
canals, and start-up (canal filling). As the canal filling phase has already been dealt
with, only the shut-down phase is considered here.

Ifthe turnout attendants proceed to close offtake gates in an uncoordinated manner,
the accompanying increase in main caual discharge could create dangerous oversup-
ply or overlopping in downstream reaches of the canal. if informed of the
perturbation, the SIE would be able to determine appropriate operational responses,
using the modcl, and transmit gate adjustment u:structions to the field stafl.

The following example will be used to illustrate the use of the model to determine
operational procedures (provided of cuurse that effective information transfer takes
place). We shall zssume that only Tracts 2 and 5 are being irrigated; Tract 1 remains
uncultivated.

The gates of Tract 2 are closed at 0800 on a particular day, following heavy rainfall.
The resulting increase in main canal level appeared to be within an acceptable range
so that cross-regulator adjustments could be avoided in this particular case. The
remaining question was then: What actions should be taken 1o continue to achieve
target discharges and volumes in Tract 5 and to divert extra flow to the il end
(downstream storage facility)? Three possible responses were formulated. They were
evaluated at offtake BC2 in tract 5 in terms of the deviations of volumes delivered with
respect to the targets, and of the management effort for gate operations:

Scenario 1. Using the gale-opening computation mode of the unsteady Now unit of
the model, the optimum gale adjustments to continue to maintain constant offiake
discharges are obtained. ‘the objective is achieved (within £10%) with 7 operations
at BC2 (from 090011 to 150011).

Scenario 2: The sct of offtakes in the first half of Tract 5 are adjusted in a single
operation at 12 noon. ‘The rest of the offtakes are adjusted in one operation as well,
at 1300.

Scenario 3: No operations are performed in Tract 5.
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Figure 9.15. Scenario 1: Seven gate operations at BC2.
0.76

oesr

0.56

Breach canal BC2idisaharge/gats oponing

Q

»

N
M

0.36 L 1 1 1 1 1 1
Oh 3h 8h Sh 12h 16h 18h 21h 24h

Time (hours)

— Discharge (m3/8) — Gate opeding (in)

Figure 9.16. Scenario 2: One gate operation at BC2.
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Figure 9.17. Scenario 3: No gate operations at BC2.
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The results, shown in Figures 9.15, 9.16 and 9.17 indicate the following:

* Ifnoactions are performed, more than 20,000 m?® of water in excess of the target
volume are diverted into BC2.

* Although operational scenario 1 is theoretically the most effective, it is more
demanding in tenns of management cffort. The approximate response of
scenario 2, requiring less effort, is also quite acceptable in terms of volumes, The
SIE could choose to implement whichever scenario is compatible with the
staffing and communication facilities at his disposal.

Effecting the Transition from One Steady State to Another

In a transient phase of functioning, there is a continuous process of cvolution of the
hydraulic parameters (e.g., water levels, discharges) till such time as a final steady state
compatible with the imposed external conditions (e.g., main sluice discharge, gate
openings) is obtained.

‘The management tasks in this context are then: (a) to achieve the expected final
target state, and (b) to minimize the duration of the transient phase. Suitable dynamic
strategies that enable the canal manager o fulfill the above tasks can be identified with
the help of the unsteady flow unit of the model.

For example, consider the situation observed during one of 1IMI's calibration
campaigns when the main sluice discharge was 4.798 m*/s (170 cusecs) and where only
Tracts 2 and 5 were being supplied with water. Suppose that it is now required to
convey an additionial discharge of 1.118 m*/s (40 cusecs) beyond Tract 5 in order to
supply the small storage reservoir at the end of the RBMC,

The obvious operational intervention would be to increase the main sluice discharge
by this amount.

If none of the intervening devices are operated in response to this change in main
sluice discharge, only 143 1/s will arrive at the end of Tract 5 instead of the desired
1.118 m*/s (see Table 9.1). This occurs due to the fact that the offtakes at the head
are able to take more than their target discharges, thus deriving the most benefit from
the increased head in the main canal. On the other hand, if appropriate adjustments
were progressively made at the cross-regulators, the desired increase in discharge at
the tail end of the main canal can be achieved (see last line of Table 9.1).

If onc were to operate the devices to accommoda: 2 the increased main sluice
discharge so that fluctuations in main canal water levels as well as in offtake discharges
are minimized, the question then is to determine the time and amplitude of these
operations. This information can be obtainied by running the steady and unsteady flow
units of the simulation mode!.

All operations can be completed in 5 hours and hence within a normal working day
(Table 9.2).

There was no need (with one exception) to operate the offtake gates because
operalion of the regulators alone was sufficient to restore the main canal water level
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Table 9.1. Dischurges when intervening devices are not operated.

Head Tail Increase Increase
at head at tail
Initial discharge (m%/s) 4.798 0.082 - -
Discharge after increase at head
(no operations of gates) (m¥/s) 5.916 0.225 1.118 0.143
Discharge after increase at head
(with operation of regulators only) | 5.916 1.189 1.i18 1.107

Table 9.2. The times at which the cross-regulators should be operaled.

Cross Distance from Time of operation

Regulator head sluice (after head sluice)
(m) hh:mm
GR2 2,415 00:30
GR3 4,012 01:00
GR4 7,007 01:50
GRS 8,550 02:00
GR6 10,532 02:20
GR7 12,029 02:40
GR8 13,732 02:50
GR9 15,137 03:00
GR10 16,166 03:10
GR11 18,112 03:30
GR12 19.860 04:00
GR13 22,110 04:30
GR14 23,342 04:50
GR15 24,481 04:50

to the desired value to maintain discharges through the offtakes. During the period
of transition, the value of one of the performance indicators (defined as the ratio
between the volume delivered and the target volume) for the offtakes lies between 0.95
and 1.12, indicating that the variation in offtake discharge during thi; phase is
negligible.

Determining Maximum Carrying Capacity of the Main Canal

‘The maximum carrying capacity problenu is a straightforward application of the steady
flow model which consists of estimating the maximum possible flow that can be
conveyed in the main canal without overtopping the banks anywhere.
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Figure 9.18 shows the water surface profiles between the 5- and 10- kilometer points
of the canal for different values of main sluice discharges (the cross-regulators being
fully opened and the offtakes closed). The overtopping that occurs around the 7-km
point for higher values of discharge is clearly visible.

Once the points of the canal banks likely to overtop hive been located, the amount
of earthwork filling required to prevent this happening :an also be estimated. Actual

is that it clearly pinpoints the likely weak sections where further field investigations
should be focussed.

The absolute carrying capacity can also be computed for each: ditterent canal reach.
The results obtained with the cross-regulators fully opened and all the offtakes fully
closed are shown in Table 9.3.

The main canal capacity under different operational assumptions can alzo be studied
using the steady flow unit of the RBMC model.

For example, ID water requirement computations assume peak water requirements
of 2.72 I/s/ha. Under these conditions, a maximum discharge of 9.25 m*/s can be
released at the main sluice without causing the canal banks to overtop anywhere. But
the water available at the il end is now reduced to 1.46 m?¥/s, which is insufficient
to meet the peak irrigation requirements of the approximately 900 ha in the newly
developed Tracts 6 and 7.

On the other hand, if water requirements were only 2 1/s/ha at the head of each
main canal offtake, all of which are assumed to be opened, the maximum possible
main sluice discharge is found to be 8.75 m%s.  After satisfying the discharge
requirements at the offtakes, about 2.85 m%/s is available at the tail end of the canal
(GR15 location). This quantity is more than adequate to meet the water requirements
of Tracts 6 and 7.

Figure 9.18. Water surface profiles between the 5-km and 10-km points of the main canal
Jfor different main sluice releases.
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Table 9.3. Results when cross-regulators are fully opened and offtakes fully closed.

Reach Distance Mavimum

discharge
(m) (m¥/s)
HS - GR2 0 - 2415 > 116
GR2 - GR3 2415 - 4,012 10.8
GR3 - GR4 4,012 - 7,007 9.3
GR4 - GRS 7,007 - 8,550 6.9
GRS - CPR§ 8,550 - 10,532 > 114
GR6 - GR7 10,532 - 12,029 > 113
GR7 - GRS 12,029 - 13,732 > 113
GR8 - GR9 13,732 - 15,137 5.9
GR9 - GRI10 15,137 - 16,166 5.9
GR10 - GRI11 16,166 - 18,112 8.1
GR11 - GRI12 18,112 - 19,860 | 6.1
GR12 - GR13 19,860 - 22,110 36
GR13 - GR14 22,110 - 23,342 4.9
GR14 - GRI5 23,342 - 24,481 6.1

This set of simple simulations brings to light some of the design-management
implications of attempting to satisfy the peak water requirements of the entire canal
command at the same time (even if water resources in the reservoir permitted such an
attempt). Staggered supply of irrigation water seems to be necessary. Differentstagger
options can also be evaluated using the model.

Impact of Canal Lining and Weed Growth on Carrying Capacity

The operating conditions used are:
1. Tracts 1,2 and 5 under irrigation with head sluice discharge of 6 m%/s.

2. Cross-regulators set in adjustable mode to maintain FSD immediately upstream
(this is the usual operating condition, irrespective of the physical condition of
the canal).

Weed growth in the canal (increased rou_hness) was simulated by decreasing the
Strickler Coefficient values by 10 (subject 1o a minimum value of 25) with respect to
their calibrated values.

An increase in the Strickler Coefficient to 50 at every section was used to simulate
a lined canal {ID estimates Manning’s n of 0.018 for cement mortar lining). However,
the canal cross sections were not altered in any way; in actual practice, a lined canal
would have a uniform cross section. Seepage losses were also 1... alicred, though this
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too would be reduced in the case of a lined canal. The results are nevertheless
indicative of what would take place if the canal was lined.

Figure .19 shows the variation of water surface elevation between the $-km and
10-km points of the canal under the same set of hydraulic conditions for 3 cases: 1)
the canal in its present state, 2) a weed infested canal, and 3) a Yined’ canal.

The offtake discharges are the same for the 3 cases. Actual regulator gate openings
maybe different but the water level in the main canal is maintained at FSD, wherever
possible.

As expected, the highes: water surface elevation is obtained when there is excessive
weed growth. At tecu regulator locations, it is no longer possible to maintain the canal
water level at FSD; this implies that if there is a lot of weed growth the canal banks
could be overtopped even at relatively low discharges. The degree of weed growth
cannot be expressed accurately in terms of a corresponding value of the roughness
coefficient alone. The results are however of pedagogical interest and can also be used
to orient further investigations

The canal capacity increases by about 1.4 m%s for average cement mortar lining
(assuming an offtake discharge scenario of 2 1/s/ha). That is, the maximum permissible
head sluice discharge is now 10.15 m%s with a discharge of 4.25 m%/s becoming
available at the tail end.

For the weed infested canal, the maximun. permissible head sluice discharge falls
to as low as 7.5 m/s,

The importance of canal maintenance and its impact on canal carrying capacity are
thus demonstrated.

Figure 9.19. Water surface profiles betueen the 5-'m and 10-km points of the main canal
Jor different roughness coefficients.
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The potential benefits of lining the canal, at least in terms of increased carrying
capacity are also shown, However, the actual benefits of canal lining would have to
be assessed on an ecat.omic basis, taking into account factors such as smaller canal
cross sections, less excavation, increased hydraulic radius and increased capacity,
added cost of lining, different maintenance needs, etc.

CONCLUSIONS

The RBMC simulation model provides the system manager with a holistic view of the
hydraulic functioning of the canal, especially useful under dynamic transient condi-
tions. This in turn enables him to formulate coordinated canal operations stratepies
to respond to a variety of management situations, both routine and exceptional.
Enhanced understanding of system behavior should also facilitate dialogue with
farmers, eventually leading to a more productive role for them in water dis’ribution
activities.

From the point of view of IIMI's research, the Kirindi Oya RBMC simulation model
provides an effective methodological approach to analyze problems related to main
canal design and management. In addition, the model also serves as an innovative
training tool.

This paper has highlighted some examples of the capabilities of the model to adclress
the question of effective and responsive main canal operations. Specific applications
covering routine management tasks (such as achieving a given water distribution plan;
as well as exceptional events (such as canal filling and responding to rainfall) have
been presented. Procedures foremploying the model as a diagnostic and performance
assessment tool have been outlined. Some issues pertaining to design and mainte-
nance have also been addressed.

Extensive ficld-testing of the use of the model in support of practical system
management is planned in the next phase of activity. 1IMI's collaborator in this venture,
the Sri Lanka Irrigation Department, has already manifested much interest in the
polential uses of this innovative approach.

This experience in the practical use of the model will provide useful insight on the
scope for compuler-assisted management in manually operated irrigation systems and
will probably determine prospects for extension of the methodology to other sites.

This paper has concentrated on the physical aspects of model use. However, it is
recognized that there are a number of organizational implications related to the
practical application of the simulation model as a management tool. Considerable
improvement of the internal comrnunication network and information transfer
procedures, as well as attitudinal changes on the part of field staff will almost certainly
be required if effective use is to be made of the range of possibilities afforded by the
model. These aspects have not been discussed here but will constitute an integral part
of the next phase of activity.
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PART 4

Towards Better Performance



CHAPTER 10

Performance of New Irrigation Settlement
Schemes: A Case Study from Kirindi Oya,
Sri Lanka

R. Sakthivadivel, Nihal Fernando and
Douglas J. Merrey*

OUR OVERALL ANALYTICAL approach is drawn from systems theory (1M1 1988, 83). In
a hierarchial view of an irrigation system, at the first level, it is an irrigation waler
conveyance and delivery system, consisting of the physical infrastructure of canals and
gates, the irrigation agency personnel who operate they system and deliver waler, and
the farmers who receive water and grow crops. Al the second level, it is an irrigated
agricultural production system. The farmer, who is the producer, makes decisions,
obtains credit, procures labor, combines these inputs with water and land, and finally
produces the crop. He markets much of it and secks to improve his well-being with
the resulting cconomic benefits. At the third level, there is the socio-political-cconomic
system in which the other two systems are embedded. The social values, beliefs an
attitudes, zlong with the various organizations, provide the basic framework for the
behavioral patterns of the system. These systems aie also embedded in the wider
cnvireniment with its natural, economic, social, and other dimensions.

As we go higher in the hierarchy of systems from the first level onwards, the
complexity of the systems and the interactions increase, the proportion of hardware
in the system decreases, and the degree of control and capacity to manipulate the
system decreases.

The system has many attributes and characteristics: the scale, size and varicty of the
components such as the c.nals, structures, soils and crops; the complex interactions
among water, fertilizer, crops, prices, markets and behavior patterns; the dynamic
nature of the processes — no two scasons are alike; the effects of uncertaintics —
hydrologic, cconomic and political; the multipiicay of persons making decisions at

* This paper is the product of the work of many people. Dr. P.S. Rao was the project leader for
this work during most of the period of implementation and contributed a lot to the rescarch and
1o our own thinking about the projuct. Our research officers, especially P.G. Somaratne and B.R.
Ariyaratne, gathered much of the data and assisted in its analysis and interpretation. Dr. Masao
Kikuchi also contributed some important suggestions. The authors are extremely grateful o
them and to the staff of the management agencics for their close cooperation.
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various levels; the competitive nature of resource allocation situations, especially in
the context of large-scale public systems serving a large number of beneficiaries, many
of them newly settled.

We use “performance” in a simple way, to refer to oulpuls at various levels and in
various lime frames. Performance is measured by comparing the degree to which the
specified outputs match the specified objectives. It is important o distinguish,
cone~ptually, “shorl-term performance” from “long- term performance.” If managers
take a short-term view, for example satisfying water users clamoring for water during
a particular scason regardless of the long-term implications, or maximizing short-term
profit al the expense of long-term market share (as some U.S. firms are accused of
doing), then the system may veer “off track” in terms of its long-term objectives and
its sustainability. If the long-term objeclives arc the primary rationale for decisions,
then very different decisions may be taken.

‘The performance of an irrigation project is governed by many factors, ranging from
policy and planning decisions at the national level to the operation and management
decisions at the farm-gate level. This paper focuses on the performance of the water
conveyance and delivery system in a new irrigation settlement project. It examines
the interplay between the policy, planning, and management decisions made at the
national, project, and subsystem levels, and how they influence the water delivery
performance of the Kirindi Oya Irrigation and Settlement Project in southern Sri Lanka,
A major theme is the likely impact of decisions made to achieve short-lerm objectives
upon the long-term sustainability of the system.,

Figure 10.1 provides a schematic representation of the factors affecting the water
delivery performance of a system. The water delivery performance itself is analyzed
using the concepts of reliability, adequacy, and equity. The adequacy of water supply
is characterized by the Relative Water Supply (RWS) parameter while equity is
expressed through the Water Delivery Performance (WDP). Explanations of the
observed palterns of reliability, adequacy, and equity take us back through the faclors
identificd in Figure 10.1. Analysis of the performance of the whole project would have

Figure 10.1. Schematic representation of she factors affecting the waier delivery performance
of an irrigation system.

Water and Land

Institutionat Watsr
and Delivery
Managemenm Performance

Allocation
Distribution
and Oparation




207

to go beyond the water delivery system, but is outside the scope of this paper, though
not of our rescarch. The water delivery system performance is crucial for the
performance of the larger project.

CHARACTERISTICS OF NEW IRRIGATION SETTLEMENT PROJECTS

In many dcveloping couritries, population pressure and a desire to attain self-
sufficiency in food, fiber, and shelier have led 1o a strategy of spreading the available
resources and developmental activities very thinly among the population. This is the
casc in irrigation settlement projects in Sri Lanka, where many families are eligible for
scttlement in such projects. In many new irrigation settlement projects, some form of
irrigation has already been in existence, cither through diversion structures such as
anicuts or through tanks. These areas are here referred o as old areas to distinguish
them from the newly settled arcas (new settlements) after the construction of the
irrigation project.

Severalunique problems of such new irrigation settlement projects can be identified.
These include: water allocation conflicts between old areas and new settlements; a
mismatch between assumed design and actual water requirements, especially in the
carly ycars; behavior patterns of new, often inexpericnced, settlement farmers; and
planning and implementation of the project by cificials. These problems will be
illustraled below with data from Kirindi Oya.

THE KIRINDI OYA IRRIGATION AND SETTLEMENT FROJECT*¢
Overview

In collaboration with the implementing agencies, IIMI undenook a study in the Kirindi
Oya Irrigation and Scttlement Project (KOISP) Lo identify, through ficld-level research,
means of increasing the use of existing land, water, and infrastructure resources
through improvements in the processes of design, system management, and operation
and maintenance, paying particular attention to the requirements of crop diversifica-
tion. The Asian Development Bank (ADB) is supporting this rescarch. The specific
objectives of the study are to identify key organizational and management factors that
influence the performance of irrigation systems and the interaction between the
dominant factors and selected physical characteristics of the irrigation system; and to
investigate appropriate on-farm water management for diversified crop cultivation.
Several reports and publications are now available on this and other [IMI rescarch in
the Kirindi Oya Project (I1MI 19882 and b; 1989a and b; 1990; Stanbury 1989; Merrey
and Somaratne 1989; Sally et al. 1989, 1IMI 1990).

% This paper discusses the situation as of mid-1989; there have been important changes since
that time, to be reported elsewhere. 1IMI is research continues at present in an “action rescarch”
phasc to test and adapt management innovations in close collaboration with the implementing
agencies.
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The Kirindi Oya Project is being developed with financial assistance from ADB,
Kreditanstalt fur Wiederaufbau (KRW) and the International Fund for Agricultural
Development (IFAD). The project envisages the augmentation of irrigation water
supplies for the existing irrigation systems (Ellagala and Badagiriya) covering about
4,500 ha, the provision of irrigation facilities through right bank (RB) and left bank (LB)
main canals from the newly-constructed Lunuganwehera Reservoir for an additional
arca of approximately 8,400 ha, and the settlement of about 8,320 families on the newly
irrigated lands (Figure 10.2). Increasing food production for the country and providing
employment through the settlement of landless people are important national
objectives.

Under Phase I of the project, the reservoir at Lunuganwehera was commissioned in
carly 1986, and new and improved irrigation facilities were provided for 8,775 ha, of
which 4,584 ha were already under cultivation with existing tanks supplied through
an anicut. Phase 1l construction, with ADB financial assistance, commenced in 1987
and is intended 1o develop an additional 4,100 ha of new land.*” ‘The phasing of the
project was necessilaled by large cost overruns and time delays, forcing the
Government of Sri Lanka 1o seek additional assistance from the ADB,

The climate of the project area is tropical and is characterized by year-round high
temperatures (26°10 28°c). Evaporation is uniform throughout the year, withan annual
average of 2,100 mm/year. Mean annual rainfall is 1,000 mm; the maba scason
(October to February) rainfall is approximately three times higher than the yalaseason
(March to August) rainfall. Soils in the project area consist of well-drained reddish
brown soils (RBE) in the upland and intermediate zones, and poorly drained low
humic gley (LHG) soils in the lowland areas. Annual waler availability per hectare
is in the order of 2.3-2.6 m/ha. Compared with other settlement schemes in Sri Lanka,
for example Mahaweli System B with an annual availability of about 3.2 m/ha, this is

Table 10.1. Recommended cropping pattern for KOISP.

Soil type Maha season Yala season
Lowland 1009 rice 50% rice
50% OFC

Intermediate 80% rice 20% rice
20% OFC 80% OFC

Upland 20% OFC

(well-drained) 60% upland rice 1009% OFC
20% lowland rice

Notes: Lowland rice is ponded rice; upland rice refers Lo varicties that are dry-sown.
OFC = Other field crops
Source: ADB (1980).

%7 In 1990, work on Phasc 1l expansion was discontinued because of doubts about the water
supply.



Figure 10.2. Kirindi Oya Irrigation and Settlement Project.
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quite low. The project is therefore designed to spread the water thinly over a large
area to get the maximum benefit. Although Sri Lanka’s irrigation settlement schemes
have traditionally been rice-based systems, the diversified cropping pattern recom-
mended by ADB for the Kirindi Oya Irrigation and Settlement Project (KOISP) is as in
Table 10.1.

More recently, consultants to the Irrigation Department have proposed an alterna-
tive cropping pattern (Water Management Consultants 1987,16) based on two types
of crops: lowland rice, and irrigated (but dry-foot) subsidiary field crops. The Project
is in the initial stages of operation and to date (i.c., as of 1989) it has been operated
to support rice crops only, to meet the immediate demands of the setders. In the long
run, it should shift to a “water use concept” to support intensification and diversifica-
tion of agricultural production. The original concept of the project as one intended
to support a diversified cropping pattern remains an untested assumption in terms of
its practicality and sustainability. However, in this paper, we assume it to be an
assumption worth testing.

Project Management Institutions

The [rrigation Department and [rrigation Management Division are the two institutions
directly responsible for the operation and maintenance (O&M) of the system. The
Irrigation Department is responsible for system O&M to the field-channel level. The
water-related activities are directly under the charge of a Chief Resident Engineer. A
Senior Irrigation Engineer for water management, working under the Chief Resident
Engineer, is responsible for O&M of the new areas of the project, and for the
preparation of irrigation schedules, including allocations between the new and old
areas. Each of the main canals is assigned to an irrigation engineer for O&M; various
technical assistants, work supervisors, and irrigation laborers complete the Irrigation
Department staff. Other departments provide supporting services, such as agricultural
extension and inputs, land administration, banks, and crop insurance.

At the field-channel level, farmers’ groups organized by the Irrigation Management
Division are supposed to be responsible for O&M. There are two Project Managers
from the Irrigation Management Division, one each for the old and new areas. They
are responsible for integrating and coordinating inputs of various departrents into the
agricultural production process, and for organizing farmers into groups and commit-
tees at field-channel, distributary, and project levels to obtain their cooperation.
Neither the Project Managers nor the farmers’ groups have any administrative or legal
authority, and to date, both have been less effective than hoped.

A Project Coordinating Committee, consisting of project and district-level officials
and chaired by the Government Agent (GA), has been constituted to take decisions
regarding project activities, particularly those related to construction. A subcommiltee
of the Project Coordinating Commitiece was formed in mid-August 1988 based on an
1IMI recommendation to discuss the agricultural programming for the project in detail.
There are also two “Project Committees,” for the old and new areas, organized by the
Irrigation Management Division Project Managers. These committees include both
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officials and farmer representatives, and are intended as policymaking bodies for
planning and implementation of the agricultural calendar and for system O&M, but to
date they have not been very effective. Finally, there is a subcommittee of the District
Agricultural Committee, which has some authority in planning cultivation seasons.

The fragmentation and ineffectiveness of the management structure constitute a key
factor underlying the unsatisfactory performance of the project.

WATER DELIVERY PERFORMANCF IN ONE SUBSYSTEM

The subsystem selected for this study consists of the distributary channel Number 2
(DC2) of branch canal 2 (BC2) on the right bank main canal (RBMC). It serves a
command area of about 91 ha in Tract S. Each of 91 farmers has an allotment of 1 ha,
BC2, from which DC2 takes off, has a command area of 528 ha. While DC2 is the
intensive sample study area, BC2 provides the basis for the extensive sample from the
next higher-level subsystem (Figure 10.3).

Figure 10.3. Schematic Layout of DC2, Tract 5 of KOISP.
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Data collected during the thice agricultural seasons starting in February 1988
included hydro-metcorological data, scepage and percolation (S&P) data, discharge
data at salient control points, design and operational data, socioeconomic data, and
institutional data. However, the analysis presented here is based on the data collected
during the yala (dry) 1989 scason.

The 1989 yala season commenced with water issues on 15 March 1989, in line with
the cullivation meeting decision in which farmers participated. This date was earlier
than that recommended by the Irrigation Department, and was adopted at the farmer
representatives’ insistence. It allowed no time for channel maintenance, and water
issues actually commenced before harvesting had been completed in some areas.

As is normal in Sri Lanka, one month was allowed for land preparation. The last
date of waler issue, originally fixed as 15 july, was later amended 1o 27 July, but the
waler issues for rice cullivation actually continued until about 10 August. The total
rainfall during the scason was about 220 mm, which was very close to the long-lerm
average (250 mm) of the yala scason. Most of the evapotranspiration (ET) values
during the scason were between 6-8 mm, except for a few days when the ET values
were low (3 mm), corresponding to times when there were 1wo or more days of
continuous rainfall. The measured average value of S&P in the DC2 command area
over the scason varies from 4.7 mm/day 10 10.8 mm/day. However, the S&P values
adepted for the preparation of water delivery schedules are 3 mm/day for lowland soils
(LHGs), and 6 mm/day for upland soils (RBEs) — i.c., much lower than the measured
values.

A typical farmer takes about 4-5 weeks to complete land preparation, from the day
he receives water on his allotment until sowing, as against the 3 weeks assumed in
preparing the water schedule. The total time required for 100 percent completion of
sowing in the study area from the first date of water issue is about 8 weeks as against
the 5 weeks assumed in the water delivery schedule. The total quantity of water used
by a typical farmer in DC2 for land preparation is about 880 mm/ha comprising about
40C mm/ha for land soaking and about 480 mm for other activities in land preparation,
as against tolals of 125 and 200 mm assumed for LHG and RBE soils, respectively. The
peak daily deliveries of irrigation during the land preparation period are 3.41, 3.58 and
2,68 I/5 per hectar . at the heads of BC2, DC2 and DCS canals, respectively. These
values are slightly higher than the designed peak land preparation requirements at
these levels of the system.

Predictability of Supply

The actual measured deliveries and the target deliveries at the heads of BC2, DC2 and
DC5 are shown in Figures 10.4 10 10.6. The supply at the head of BC2 and othersample
distributaries fluctuated significantly during the first week of land preparation. This
fluctuation is mainly due to the opening and closing of distributarics and field channels
taking off f-om the main canal, manipulations necessitated by the inability of the
farmers to receive an carly supply of water, and by the preseasonal maintenance
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Figure 10.4. Measured deliveries and target deliveries at the head of BC2.
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Figure 10.5. Measured deliveries and target deliveries at the bead of DC2.
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Figwe 10.6. Measured deliveries and taryet deliveries at the head of DCS.
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Figure 10.7. .Heasured discharges versus targets at the head of FC9 of DC2.
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Figure 10.8. Measured discharge versus targél at the head of FC10 of DC2.
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Figure 10.9. Measured discharge versus target at the bead of FC13 of DC2.
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activities carried out after the release of water for the yala season. It is also seen that
from June onwards, the supply was gradually reduced, causing fluctuations at the head
of BC2 and other distributaries. This gradual reduction was effected in order to
conserve the dwindling storage in the reservoir, while the major fluctuations during
this period were caused by the operation of the system to account for the rainfall in
the service arca. In the subsystem studied, although the supply deviated from the
targeted release, the supplied discharges were by and large above the targeted values.

In Figures 10.7-10.9 the measured discharges arc plotied against the targets at the
heads of FC9, FC10 and FC13 of DC2, representing head, middle, and tail field
channels. The figures indicate that the rotation within field channels was introduced
only two months after the date of water release, because of the slow rates of land
preparation achicved by the farmers. The water supply against the target was
predictable except in FC13, the tail-most field channel of DC2, where more than one-
third of the allotments (about 7 ha) did not depend on the irrigation supply, as they
have access to drainage water for cultivation,

Adequacy of Supply

The adequacy of a given water delivery is a measure of the reliability of supply and,
in turn, a measure of the quality of sysiem operation. The adequacy can be evaluated
in terms of Relative Water Supply (RWS), which for our analysis is defined as follows
(all units in mm):

For land preparation period:

RWS = (IW + Re)/(E + S&P + land soaking and ponded water)
For crop growth period:
RWS = (IW + Re) / (ET + S&P)

where IW = Irrigation water delivery
Re Effective rainfall (assumed as total rainfall for yala)
LT ivapoltranspiration
S&P Seepage and percolation
E = Evaporation

The weckly RWS values at the heads of BC2, FC6 (head), DC2 and DCS are presented
in Figure 10.10, A-D. Similar computations were carried out for the field channels of
DC2, and typical curves are presented in the same series of figures. A RWS = 1at the
ficld means that the supply matches the requirement exacty and is called the “critical
RWS” value. Ifthe irrigation water supply is measured anywhere other thanin the field,
such as a field channel or distributary turnout gate, then the conveyance losses in the
channel need 10 be accounted for in computing RWS values at the field. This would
then make the critical RWS values higher than 1. For the purpose of our analysis, the
conveyance cfficiency in a typical ficld channel, distributary channcl, or branch canal
was assumed to be 93 pereent, as adopted in the water delivery schedules prepared
by the Irrigation Department. This results in “critical RWS” values of 1.07, 1.15 and 1.24

i
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Figure 10.10. The weekly RWS values at the beads of BC2, FCG (bead), DC2, and DCS5 and
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Figure 10.10 (Continued)
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at the head of a typical ficld channel, distributary channel, and branch canal,
respectively.

A comparison of the weekly RWS values in the sample subsysiem with the critical
RWS values indicates that the actual RWS was above the critical RWS level for most
of the time, both along the branch canal and at the heads of distributaries. At the same
time, a general trend of gradually declining RWS values over time can be observed,
possibly duc to the deliberate reduction of supply by the Irrigation Department in view
of the gradually declining storage in the reservoir.  Similarly, the distribution of
computed RWS values at the heads of field channels under DC2 indicates high RWS
values throughout the growing season, except for those field channels that receive
drainage water (FC10, 12 and 13).

The low values of RWS (0.5 to 0.80) prevailing at the heads of field channels during
the later part of the scason imply “undersupply.” However, a more sensible
comparison of the actual RWS values with the distribution of rainfall over the season,
as well as the actual deliveries into the RB main canal and to the other canals in the
subsyslem, brings out the fact that the Irrigation Department had made a serious effort
to cconawnize on waler during the rainy periods by either complelely withdrawing or
reducing the irrigation supply during and after the rains.

Equity of Water Supply

Table 10.2 indicates the mean RWS, maximum and minimum RWS, and the water
delivery performance (WDP) parameters as defined by Lenton (1983) assuming equal
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weights for all periods of the growing season. It is seen that if actual rainfall is taken
into account, WDP for all the canals (except FC10, FC12 and FC13) is near or above
1.0, indicating adequate supply. The ficld channels where WDP is very low benefited
from the drainage water in DC2 for part of their command arcas.

Table 10.2. Relative water supply (RWS) and water delivery performance (WDP} in yala
1989, RB Tract 5-BC 2 subsystem.

Canal Maximum RWS Mean RWS Minimum RWS WDP
BC 2 1.57 114 0.50 1.12
FC 6 1.87 1.38 0.57 1.36
DC 2 1.65 1.06 0.49 1.08
DC 5 1.59 1.08 0.45 1.08
FC 9 2.74 1.43 0.48 1.36
FC 10 1.62 0.85 0.35 0.81
FC i5 2.19 1.32 0.33 1.27
FC 11 2.15 1.04 0.26 1.00
FC 12 2.00 0.98 0.33 0.9
FC 14 1.87 1.25 0.50 1.23
FC 13 1.31 0.72 0.19 0.74

The distribution of mean RWS values along the branch canal and along DC2 is
presented in Figures 10.11 and 10.12. The mean RWS, both in the branch canal and
in the sample canals along BC2 is higher than 1.0. Along the branch canal, the supply
is not equitable, varying between 1.39 at the head to 1.05 at the middle and tail. Though
the head-end (FC6) received more supply, possibly duc to its position along the branch
canal, the agency has succeeded in maintaining a fairly cquitable supply between the
middle and 1ail reaches of the subsystem studied. As far as equity among the field
channels within DC2 is concerned, it is observed that the mean RWS of the head end
(FC9) and tail end (FC13) are 1.41 and 0.75, respectively. However, contrary (o the
common perception, mean RWS does not decline gradually from head to tail in
proportion to the length of DC2. Some middle and tail field channels attained high
mcain RW'S vaiues (c.g., I'C15 = 1.30; FC14 = 1.25) very close to the mean RWS value
at the head-end field channel. Only two field channels (FC10 and 13) out of the seven
received less thana mean RWS of 1, but both of these benefited from the drainage water
from the upper arecas.

Aninherent weakness of the RWS methodology in assessing the adequacy of supply
is that it fails to account for the usc of drainage waler or for residual water left in the
ficlds due to rain or overirrigation that can be used to supplement the water
requirements in the subsequent weeks. The concept of cumulative RWS instead of
RWS accounts forthe residual waterand gives a better representation of available water
at the field level. A plot of cumulative RWS as a function of time is shown in Figure
10.13, A-D for BC2, DC2, DC5, FC6 and for field channels along DC2. One can observe
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Figure 10.11. The distribution of mean RWS values along the branch canal.
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from these plots that the adequacy of water along BC2 as well as along DC2 is clear
and was always equal to or greater than its requirement, except in FC10 and FC13
which have been receiving drainage water.

Although equity among the field channels of the sample subsystem was found to be within
acaepiable limits, there was a wide variation of water level in the rice fields in different areas,
as well as within the same area (maximum 18 am to minimum —S0cm from the bed level).

Figure 10.13. Cumulative RWS as a function of time for BC2, DC2, DC5, and FCG and for
Sield channels along DC2.
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Figure 10.13 (Continued)
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The wide variation within and between the turnout areas is an indication of ineffective
water distribution by the farmers in the field-channel turnout areas. One of the
operational assumptions of the design of turnout areas is that the farmers in any given
field channel form a cohesive group to share the entire flow in the field channel
between two farmers at a time during the rotation interval. While it is true that the
Irrigation Department was also unable to adhere to a strict implementation of rotation
among ficld channels, it was also observed that farmers practiced no systematic sharing
of the water delivered. In fact, this was the first scason in which we observed a pattern
of farmer interventions such as manipulating field channel and distributary gales and
cutling channel bunds. This, and the high degree of water level fluctuation in rice
fields, pinpoint the importance of improved management at the farm level to avoid
Crop stress.

The following are the important findings of this aspect of the research:

* ‘lhere exists a considerable difference between the design and operational
assumptions and the realities especially during the land preparation phase.

* Although the general pattern of water delivery during the season reflected a
trend of fluctuating deliveries at the beginning of the secason with a gradual
reduction towards the end of the season, the efforts made by the Irrigation
Department to match the total supply (irrigation water plus rainfall) to the actual
ficld water requirements made the supply adequale.

* The water used per hectare at branch-canal and distributary-turnout levels
during yala was more than adequale, as shown in Table 10.3. This indicates a
high poltential for water savings in future.

* The waler delivery performance during yala 1989 emphasized the necessity of
strengthening the communication among farmers, farmer representatives, and
agency officials. While there has been considerable improveinent in managing
the main system during this season by the agency officials (compare IIMI 1988b
and 1989a to 1IMI 1989b), the management below the wirnout needs substantial
improvement through cffective farmers’organizations.

Table 10.3. Water use at selected turnout gates.

Canal Position  Land preparation Crop growth Tolal
mm mm mm
BC2 - 723 1,974 2,697
FC6 Head 885 2,405 3,290
DC2 Middle 822 1,790 2,612
DCS Tail 541 1,662 2,203
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DESIGN, CONSTRUCTION, AND MAINTENANCE CONSTRAINTS
ON PERFORMANCE

Design

The design influences the performance of the project in two ways — through the
formal sct of technical procedures and assumptions adopted for the design of irrigation
canals and appurtenant structures, and through the typical operational schedules for
the distribution of water.

The size of the turnout area served by any individual field channel is designed on
the basis of 8 ha for 100 percent Reddish Brown Earth (RBE) soils and 16 ha for 100
percent Low Humic Gley (LHG) soils. Thus the actual size of any field-channe! urnout
area s, in principle, determined by the proportion of different soils served by that field
channel. However, a random verification of some ficld-channel iurnout areas indicates
that the actual proportion of RBE soils has been underestimated in some instances and
that turnout areas arc larger than expected. This situation can impose capacity
constraints on delivery of peak daily irrigation requirements (3.50 1/s per ha for RBE
and 1.80 I/s per ha for LHG) with a standard field-channel capacity of 30 I/s.

The design of the irrigation system has underestimated the seepage and percolation
rates through the soils. "This too canimpose capacity constraints in some canals where
the exact design section exists without any bulfer free-board.

The cross regulators provided along the main canal are intended to insure the driving
head required for the release of design discharges to the offtakes located upstream.
The trial and error manual procedures adopted for the manipulation of cross regulator
gates in order 10 maintain upstream head and simultaneously to release the required
discharge for the downstream command areas cause water-level fluctuations along the
main canal.

The designers of the Kirindi Oya irrigation system focused on the management or
rice irrigation, since the entire system is actually designed and operated for rice. Little
attention has been paid to designing and laying out the system for a mixed cultivation
of rice and nonrice crops — even though it was known that the system must support
a mixed cropping pattern.

The basic operational design for the water delivery schedules anticipates scheduled
rotational irrigation Jor rice, with the rotation to occur among the field channels and
the sharing of water to occur between the farmers. Our research indicated that
rotations among the field channels were not implemented systematically and the
sharing of water below the field-channel turnouts was taking place in unsystematic and
informal ways. This pattern of operation leads to undersupply or oversupply, and
evenlually to wastage of water,

The preparation of the water delivery schedules for cach season begins with
information about the intended dates of first irrigation issue and land preparation
activities. The period usually allowed for land preparation is one month, but various
socioeconomic constraints stretch the land preparation period beyond one month.
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The delay in land preparation causes the operation to be carried out in an ad hoc
manner during the land preparation period.

The underestimation of seepage and percolation rates and canal conveyance
efficiencies in the irrigation schedules can lead to undersupply in some areas (IIMI
1988b).

Construction

The quality of construction also has an impact nn water delivery performance in a
number of ways.

A set of “as-built” drawings for the irrigation canals should be prepared immediately
after construction in order to ascertain the design levels of the canals and other key
structures. In Kirindi Oya the as-built drawings are not yet available, and the deviations
from the designs during construction are not systematically recorded. This makes it
difficuit for the operating agency to recognize construction defects, and the true
capacilies of the canals and control structures. The operation takes place with an
implicit assumption that the construction is perfect, which is far from true. For
example, our preliminary investigation of BC2 and sample distributaries indicates a
mismatch between the design and existing canal-bed levels.

The quality of construction which is a key issue in the long-term performance of the
systemappears to be average in Kirindi Oya, by Sri Lankan standards. However, work
of inferior quality and inadequate foundation work can also be observed. Some canal
structures 2 ¢ already undermined or partially collapsed.

The construction of drainage -anals received low priority in the construction
process. These were done last, and tiis delay caused the development of salinity and
walerlogging in some lower patches of the command of zanals. This state of affairs
could have been avoided, to a certain extent, if the construction of drainage canals had
taken precedence over the construction of irrigation canals, or if the drainage canals
had been completed before the first cultivation season.

Maintenance

Once the system is constructed, the quality of the maintenance will determine the long-
term capability of the water delivery system to perform at expected levels. Lack of as-
built drawings prevents the identification of the actual degree of silting in the canals.
This is a major drawback in the overall performance of the system.

The decisions on when to commence the water issue for a scason, taken at
cultivation meetings, sometimes leave no adequate time for preseasonal maintenance
of the system. This leads to operational difficulties and eventually to closing of some
canals for desilting after the season has begun. The farmers show very little interest
in cleaning and maintaining the iield carals. They are :.ot pi. perly organized or
motivated to attend to maintenance work.
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The main constraint is believed to stem from insufficient funds allocated for
maintenance, at least for the routine weeding and desilting of canals before the
commencement of a season. The lack of a systematic and well-established procedure
for priorilizing and conducting maintenance activities further inhibits performance,

LONG-TERM RESOURCE CONSTRAINTS ON WATER DELIVERY
PERFORMANCE

A major objective of the Kirindi Oya project is to make cfficient use of scarce water,
land, and human and financial resources to maximize farmers’ production and income.
This is a water-deficit project with very high variability of reservoir inflows. The flow
patern of the Kirindi Oya and its tributaries shows minimum/maximum ratios of 1/
6 for annual, and even 1/70 for monthly flow volumes. The long-lerm average annual
inflow into Lunuganwchera Reservoir is estimated at 319 MCM with roughly 114 MCM
in the yala scason (March-August) and 205 MCM in the maha scason (October-
febrary). The old Ellagala system contributes a total of 102 MCM of average annual
inflow !0 its five tanks from its own catchment, giving an overall average availability
of 421 MCM in the system. A comparison of recent discharge measurements with the
original series of inflow data shows that the recently measured actual inflows are 30
to 40 percent less than originally estimated. Morcover, the reservoir water would be
just sufficient to raise one ricc crop in the contemplated service area of 12,900 ha.
Therefore, use of this waler to raise two crops in the arca needs very careful water
planning, and crops requiring much water, like rice, must be minimized.

The soils within the project service area fall into three main types: reddish brown
carths which are moderately coarse and highly permeable, suited for the production
of upland crops; low humic gley (LFHG) soils which are slightly finer, less permeable,
and poorly drained; and alluvial soils rich in clay and finer sediments of fertile river-
transported soils. Both LHGs and alluvial soils are suitable for rice cultivation because
of their physical properties and physiographic position in the landscape. However,
raising rice in the upland area may create waterlogging and salinity in the lowland arcas
at times of water abundance.

Most of the settlement farmers come from the lower socioeconomic strata of the
country, ar¢ young with no grownup children to help them in the farming activitics,
and have to depend heavily upon hired laborers and farm power for agricultural
operation. Some scttlers have little or no agricultural experience. Hired labor is very
costly in the region. This has serious implications for the cultivation of nonrice crops
which require more labor. In the study area, 70 percent of the farmers obtained loans
from either institutional or informal sources, or both. The interest rate for informal
loans is very high (as high as 120 percent per year). Because of the drought and crop
failure in the first scason (1986/87 maha), about 40 percent of the sample farmers have
defaulted on bank loans and are no longer creditworthy. A scrious constraint for any
innovative development in this project appears to be the poverty of the settlers.

Limited financial resources have had a great impact on the potential performance
of the system: cost overruns have led to delays in implementation, and a “least cost”
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approach is taken in providing all infrastructure and basic services. This underlies
some construction quality as well as design problems, inadequate support to settlers
to assist them in making the transition to being residential irrigated farmers, and the
continuing lack of many basic facilities.

Keeping in mind the insufficient and uneven water supply, increased pressure on
the available land for agriculural production, and the need for settling as large a
number of farmers as possible at the lowest possible cost, the planners of the project
and the water management consultants have recommended a mixed cropping pattern
to complement and alternate with rice cultivation. The draft water management
stralegy plan submitied in May 1987 was worked out for a cropping pallern based
essentially on two crops: lowland rice and irrigated subsidiary ficld crops. These field
crops are a mixture of 50 percent 3.5-month-age-group upland crops, and 50 percent
4.5-month-age-group upland crops, both already grown locally 10 some extent. This
cropping pattern would allow irrigation of only the old area plus Phase I of the new
arca with an acceplable cropping intensity of 175 percert. The intensity, however,
drops to an unacceptable 130 percent if the whole Kirindi Oya Project (phases 1 and
IDisincluded. Because of the low cropping intensily, it was agreed during a joint ADB-
Kreditanstalt fur Wiederaufbau review mission in June 1987 that other cropping and
waler allocation approaches should be investigated.  The water management
consultants have now recommended a cropping patiern similar 1o the one given in
Table 10.1, based on their simulation studies (Water iManagement Consultants 1987).

While as of 1989 no decision had yet been taken by the government or the project
authorities with regard Lo the cropping pattern to be implemented, farmers have been
cultivating rice throughout the command (upland and lowland soils) in both the maha
and yala scasons. Before yala 1989 began, the Irrigation Management Division ofiicials
and others altempled to convince farmer leaders to grow other crops, but they were
reluctant, for many very good reasons. The Irrigation Department indicated that there
was sufficient water te start a rice crop in Tracts 2and 5 of the right bank, undermining
any further effort to change the cropping pattern. The Depaniment did not, however,
inform the farmers about the impact of the decision on the possibility of irrigating larger
areas, or on the starting date of the following maha. In any case, farmers face various
technical, management, and institutional constraints on growing nonrice crops, which
arc vel to be dealt with by the agencies concerned both at the national and project
levels.

Raising rice in both seasons has resulted in a number of problems, both during the
yala 1989 and maha 1989/90 (in progress as this paper was written):

* The decision to raise rice during yala 1989 with inadequate storage at the
beginning of the scason made the Irrigation Departinent very cautiods about
waler relcases from the reservoir, resulling in unreliable water supply especially
during the initial stages of land preparation and also during the final stages of
crop growth. Since the Department was severely criticized by scttlers for its
handling of the drought in maha 1986/87, which had led to a total crop failure
(scc Merrey and Somaratne 1989), its conservatism is understandable.  Its
objective of conserving the scarce reservoir resource whilst making maximum
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use of the rainfall and drainage water has resulted in uneven and, at times,
inadequate supplies to certain sections of the service area. Better coordination
and communication between the farmers, farmer representatives, and agency
officials could have improved this situation considerably.

* Aneven moere scrious prblem for the long-term performance of the system is
that raising rice during yalza 1989 has left very little water in the reservoir to start
the maha 1989/90 intime and to the full extent. The old areas are receiving issues
and will have a maha season; and some new area tracts may receive late issues
depending on the inflow. This continues a pattern observed since the first
scason of the project (yala 1986): at any given time, only a few tracts can have
a season, but the whole system has never had a simultancous season. There is
a continuous pattern of low intensity land use. This will lead to underdevelop-
ment of the new area, causing social and political dissatisfaction, and could
jeopardize the economic viability of the project.

* Once the farmers have become used to growing rice during both the yala and
maha seasons it may be difficult to induce them to switch over to other crops
at a later date, unless such a change is going to improve the profitability to the
farmers substantially. This has been the expericnce in many Asian countries. By
the time the larger system is ready for farmers to shift, they may have neither the
inclination nor the resources to do so.

The above arguments and discussion underline the need for two things: a clear and
carly policy decision with regard to the cropping pattern in different zones of the
project arca (old system, RB and LB of the new system) and its implementation from
the very beginning of the project; and effective infrastructural development for
implementing insurance cover for other field crops, bank credit at low interest rales,
markeling, and post-harvesting storage facilities for diversification into other field
Crops.

SOME OTHER ISSUES AFFECTIING SYSTEM PERFORMANCE

Priorities in Irrigation Settlement Projects

Although Kirindi Oya is an frrigation scttlement project, the government gave first
priority to scttlement. This is due mainly to political pressure — the settlement of
beneficiarics was done well in advance of physical construction. Construction of
irrigation facilitics was given the next priority, but unfortunately, there were significant
delays duc to improper planning and cost overruns in creating the necessary irrigation
infrastructural facilities. This led to a large time gap between settlement and the
provision of irrigation scrvices. Having seted the poor farmers and established the
necessary infrastructural facilities, the government has not provided the necessary
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support for irrigation management, including institutional aspects. Coupled with social
unrest and droughts, this has had a negative impact on system performance.

Water Allocation Conflicts between Old and New Areas

Many settlement projects in old and new arcas have had problems of sharing water
among themselves. The old settleis who gain considerable benefit after construction
of the project, by way of stabilized irrigated ag-.culture due to a more reliable water
supply and increased intensity of irrigation, r.evertheless look upon the new settlers
as intruders in their domain of influence. The farmers in the old area generally use
more than their allotted share of water, complicating and distorting the allocation of
water to different areas.

This can be illustrated with data from the Kirindi Oya project, where the Ellegala old
system used to irrigite approximately 130 percent of its service area before the
construction of I'uiuganwehera Reservoir. In the project proposal, an irrigation
intensity of !0 peicent with some other field crops for the old system was assumed
(without consulting the farmers); but the farmers in the old system now irrigate two
rice crops (neurly 200 percent intensity) thereby depriving the newly developed areas
of water. The concept of prior riparian right is clearly prevalent in the farmers’ minds.
This problem must be examined, and a clear policy decision has to be arrived at and
enforced; otherwise, one ends up with a system in which a large deficit of water supply
occurs in much of the newly developed area.

Another characteristic of reservoir projects in particular is a tendency to switch from
the designed cropping pattern to water-toving crops such as rice. This reduces the
available water supply to the tail-end region. All these factors suggest the need for
betterinteraction with the public, through such means as a public-hearing system, from
an carly stage.

Mismatch between Assumed Design and Actual Water
Requirement

Many new settlement schemes consume more water than do stabilized irrigation
systems, especially when rice is the crop cultivated. Experiences from the Kirindi Oya
and Inginimitiya projects indica: 2 that the excess consumption may be as much as 100
percent above the requirements of a stabilized tract (Franks and Harding 1987). There
are many reasons for this. First, the virgin soil, when it is irrigated with ponded water
for rice cultivation, has high S&P values. In such soils, no clay pan has formed. The
horizontal secpage through field bunds is also very high,

Second, settlers do not have adequate resources in terms of equipment (tractors,
bullocks, laborers, etc.) and funds to enable them to adhere to strict water scheduling,
especially duringthe land preparation period. For example, farmers in the Kirindi Oya
project ook two months during the yala 1989 to complete the land preparation as
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against one month of stipulated time, and used roughly 880 mm of water per hectare,
which by any standard is very high. Therefore, in new settlement projects, excess use
of water is bound to occur during the initial stages of project development and this
aspect needs to be considered while water budgeting for the project.

Behavioral Pattern of Settlement Farmers

The settlement farmers are a group of people coming from different walks of life with
diverse social habits and cultural patterns. Many have had no experience in irrigated
agriculture; in interviews a few have even stated they have no wish to be farmers.
Though, by law, the settlers should not possess any other land or business to be eligible
for receiving land, some of them own land or are engaged in business in their original
villages. They generally commute between the settlement hamlet and their own village
where their families and relatives live. The frequent absence of many farmers from
the setdement hamlets hampers efforts to organize farmers for irrigation management.
In the Kirindi Oya project, about 30 percent of the farmers have apparently already
leased out their allotments. Only the poorest of the poor stay in the setlement hamlets,
and they posses neither the incentives nor the resources to carry out efficient farming
operations.

Many scttlers were brought to the project area long before the supply of water, in
the hope that these farmers would work on their allotments and prepare them for
irrigation, but many have had to waitupto three years for the first water supply. During
this intervening period, they have had to depend on a government food subsidy. Many
of them had spent whatever savings they had brought with them. Therefore, at the
time of starting the irrigation, they had to borrow money either through banks or from
private sources. Under these conditions, even if there is one crop failure (as in fact
there was), many farmers cannot overcome the crop loss and consequent financial
losses.

CONCLUSION

We are at too early a stage in our analysis and thinking to come to firm conclusions,
but a few observations can be made. Franks (1989) and Franks and Harding (1987)
have focused attention on the special nature of the problems in “commissioning” new
irrigation systems, based on work in another new irrigation settlement scheme in Sri
Lanka. They note that in the initial stages there is a tendency to use water far in excess
of design assumptions. If this is catered 1o, it often leads to head enders becoming
accustomed to receiving water in excess of crop requirements, a difficult habit to
change later. System managers are not seasitized to the special nature of the
commissioning period, and are not trained to take special precautions. Franks and
Harding (1987) suggest, for example, that in the first scasons only 50 percent of each
rice allotment should receive water. Franks (1989) also refers to Stanbury's (1989)
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work in Kirindi Oya on the lack of “commissioning” to enable settlers’ institutions to
develop and work effectively.

Kirindi Oya presents a special problem not faced in most other Sri Lankan irrigation
settlement schemes. Kirindi Oya is a comparatively severely water-short system, which
has been justified economically from the beginning on the assumption that farmers
would grow a lot of nonrice crops. In the Appraisal Report (ADB 1986), a 200 percent
cropping intensity is stated as the objective, with a mixture of rice and nonrice crops
as given in Table 10.1. More recendy, the waler management consultants have
proposed as the “most feasible” scenario one that mixes rice and other crops on
lowland areas, and irrigated and rain-fed crops on upland areas (Water Management
Consultants 1987: Volume 1). This is based on computer simulation modeling of the
likely water availability in the project area.

With hindsight, as noted above, it can be scen that serious errors were made in the
planning and design stage. Although mixed cropping was a stated objective, the
designers assumed that the normal design parameters used for rice-based systems
could also cater to the demands of nonrice crops. While this assumption is not irivalid,
the present design permits rice cultivation on well-drained soils in a system whose total
walter supply is inadequate to support this crop. No operational plan was developed,
let alone validated, at the design stage for the support of nonrice crops. The situation
is compounded by the serious underestimation of total water availability. The rice-
based design and operations to date are totally inappropriate, given the water and soil
conditions in Kirindi Oya. Since a complete redesign and reconstruction of the system
are not feasible now or in the near future, the government must focus on institutional
and management inputs that we believe could improve the performance significantly,
even given the present design.

To date, the Kirindi Oya system continues to be operated as a rice-based system,
in which only small patches of nonrice crops are grown with special assistance from
the Department of Agriculture. We suggest there are two reasons for this pattern. First,
there is a contlinuing “rice bias” or “rice-based thinking” underlying the management
ofthe system. Farmersand officials share a fundamental and deep-rooted bias towards
rice. ‘There are strong cultural reasons for this, but this bias probably has so far
prevented farmers and managers from secing alternative scenarios (such as the one
proposed by the water management consultants) as practical, or atleast worth a serious
test.

A far more significant factor lies in the project management structure. The water
management consullants were consultants to the Irrigation Department. But this
Department does not have responsibility for achieving the overall project objectives,
or forimplementing a long-term agricultural production plan. Itsjobis to deliver water,
within ¢ 2 zonstraints imposed by * ater availability, linances, the physical condition
of the system, etc. It responds to farmers’ demands to the extent possible, but since
both rarmers and the Department are accustomed to dealing with irrigated rice crops,
thatis what they do. Other agencies have their own specified technical functions, but
no agency is responsible for achieving the long-term objectives of the project.

There is therefore a de facto policy of catering to short-term objectives, i.e., providing
water for rice in a few tracts, on an ad hoc tract-by-tract rotating basis, depending on
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the water in the reservoir at any given time, but with the old area always getting
sufficient water for growing rice two seasons per year. This satisfies farmers' short-
term interests, as they wish to grow rice, and it is easy since the agencies, whether the
Irrigation Department or the Department of Agriculture or others, know how o
support rice production. New area farmers have not yet organized against the old area
farmers, but the latter are organized to demand priority. Further, the various farmers’
objectives may be quite at variance with the objectives of the management agencies.

The result is that the system management is unable to get the system as a whole onto
aseasonal rotation, i.e., maha-yala-maha. Asthe reservoir was emptied to supoort yala
1989, only the old areas and perhaps one or two new area tracts will have a maha crop
— a late maha rice crop — in 1989/90. The same pattern is repeated in yala, with some
tracts even straddling the scasons (late maha or early yala) and growing rice. The
precedence of short-tenn objectives prevents the achievement of longer-term objec-
tives, and reduces the likelihood of achieving them as people get used to a certain
pattern.

The research conducted in the BC2 subsystem indicates the potential for improving
the water delivery performance with the active involvement of the system managers,
including farmers, in actual operations. Recent signs of improvement (see IIMI 1989b
and 1990) stemmed from organizational changes within the Irrigation Department.
This may be a starting point for further improvement. However, inleragency
cooperation must be strengthened and a system for reconciling the objectives of
various groups of farmers and agencies is required if the long-term objectives of the
project are to be achieved.*®

Since a major cause of the problem is institutional and managerial, the solution
would also appear to lic in this realm. It is necessary to establish an overall project
management system, which has the long-term objective of making the best use of the
limited water to maximize farmers' incomes, and which has the authority to insure that
other departments contribute their efforts to achieving this objective. Performance of
the overall management would be assessed on the bazsis of its achievement of the
longer-term objectives; assessment of the performance of other departments would be
based on their contributions to their achievement. Institutions to facilitate consultation
with, and the involvement of, legitimate farmer representatives would be a require-
ment, as would political support from above.

% Since mid-1989 the government has taken important stepsthat atleast begin to address these
issues; the management changes initiated after an early draft of IIMI's final report are
documented in the final report (IIMI 1990), and future reports will document the impact of these
innovations.
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CHAPTER 11

Performance of Secondary Canals in Pakistan
Punjab: Research on Equity and Variability at
the Distributary Level

Muhammad Nawaz Bhutta and Edward J. Vander Velde

IIMI RESEARCH IN Pakistan on distributary channels is primarily concerned with how
irrigation agencies can be cffectively assisted to improve irrigation system performance
at the secondary level, in order to achieve and sustain higher output from irrigated
agriculture. Specifically, the research objective is 1o identify management options with
the potential to increase equity and reduce variability in irrigation water deliveries,
improving the performance of irrigated agriculture. This research is predicated upon
two key observations. The first is that, so long as the i.rigation environment is
characterized by incquitable and unpredictable water deliveries, Pakistani farmers are
unlikely to invest in improved farm management practices. Much research on farmer
adoption of new or improved farm inputs and farming practices suggests that this
assumption is not unreasonable. The second observation is that Pakistan irrigation
agencies continuc 1o cite distributional equity and the provision of adequate amounts
of water at appropriate times — “so far as is possible” — as performance objectives
for the public irrigation inirastructure that serves farmers.

Begun in 1987, this rescarch has focused principally upon an analysis and
understanding of the actual conditions of secondary canal operations in one major
Punjab canal command, the Lower Chenab Canal (LCC) system %

Field studies have been carried out over several successive: agricultural seasons to
determine the relationship between existing water distribution conditions and design
norms. Field rescarch has also sought to identify the forms and extent of management
activities currently practiced in representative areas of the LCC system, keeping in mind
that in so large a system substantial spatial diversity is the norm.

Preliminary findings on the equity and variability of water deliveries between
different distributaries, as well as among watercourses aloag Lagar Distributary in the

¥ Perhaps a sense of scale of the LCC is best communicated by the following: its irrigable
command area is more than 1.2 million ha, served by 176 distributary channels (excluding
minors and sub-minors), the total length of which exceeds 2,800 km. Design full supply
discharge for the system at head exceeds 310 cu.m/s.

235
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LCC, were reported internally by IIMI Pakistan in November 1987. That report was
based upon the analysis of primary water supply measurement data collected by 1IMI
Pakistan for the period August-October 1987, and of several years of secondary data
provided by the Punjab Irrigation Department. Subsequently, summaries of additional
findings have been presented in periodic rescarch progress reports prepared by 1IMI
Pakistan for its Consultative Committee, donors, and internal institutional programs.

THE DISTRIBUTARIES OF THE STUDY

The following discussion is based upon primary measurement data covering both a
much longer period of field research activity and an increased number of distributary
channels. In the case of Lagar Distributary in Faroogabad Sub-Division, Upper Gugera
Division, primary data arec now available for nearly two years, from August 1987
through Junc 1989. Primary and secondary data are also available for three additional
distributary channels in the LCC system where 1IMI Pakistan field staff have been
measuring and monitoring irrigation operations for the past three agricultural seasons.
Table 11.1 provides basic information about the distributaries currently being studied
in this rescarch.

Table 11.1. Distributary characteristics.

Distributary Design CCA MNo. of minors No. cf Design
discharge (ha) & sub-minors outlets intensity
(mY/s) %)
Mananwala 5.24 27,159 4D 125 50 & 75
Lagar 1.08 6,578 1 30 S0 & 75
Pir Mahal 4.67 14,891 4 90 75
Khikhi 9.66 33,119 63 158 75

In April 1988, 1IMI Pakistan cxpanded daily mcasurement activities of water
conditions Lo include a set of locations along the primary channel of Mananwala
Distributary, also in Farooqabad Sub-Division. In size and service arca, Mananwala
Distribulary is arguably a “more typical” distributary of the LCC than is Lagar. There
also appears o be an important incipient soil and groundwater salinity condition in
its tail-reach command area.

Regular field observations and measurement activities had already been extended
to a limited number of survey locations along both Pir Mahal and Khikhi distributaries
in Bhagat Sub-Division, Lower Gugera Division, in November 1987. The choice of
Bhagat Sub-Division for these aclivities was conditioned by the need to maintain
system contiguity, by the desirability of including a known contrasting hydrologic
environment in this research, and by the cooperation offered by the Punjab Irrigation
Department.
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Bhagat Sub-Division comgrises the command of six distributaries in the southwest-
ern portion of LCC (East) Circle, including four that offtake at the tail of Lower Gugera
Branch canal. Surface water supplies here are rather less reliable than in sub-divisions
served by Upper Gugera Branch canal. Unlike Farooqabad Sub-Division, public
tubewell systems are largely absent; moreover, groundwater is often too saline for
irrigation purposes unless it is mixed with canal water. Finally, rotational operations
both between distributaries and within distributaries are commonly practiced in
Bhagat Sub-Division.

Mananwala Distributary is 45 km in length, and surface flow observations and
measurements are carried out at 20 points confined to the main distribution channel;
no watercourse obscrvations have been made along its minor channels. Monthly crop
surveys of sample fields in five watercourse commands, and daily monitoring of public
and private tubewell operations in these same commands, supplement 1IMI surface
waler dala.

Lagar Distribulary is a much shorter channel (19 km). Surface flow conditions were
measured and observed daily at 28 locations along the distributary and its minor until
the end of rabi season 1988-89. These data are now generated from the hydraulic
model, MISTRAL, adapted for Punjab canal applications and thus far calibrated only
for Lagar. Additional data collected in Lagar command include detailed monthly crop
surveys in 3 watercourse commands and daily logs of all public and private tubewell
operations in 13 watercourse commands.

Pir Mahal Distributary is slightly longer than Mananwala at 48 km but its service area
is a good deal smaller because of a higher design water allocation. Along Pir Mahal,
beginning in late 1987, surface water conditions were measured at 30 locations through
rabi season 1988-89, after which the observation points were reduced to 23. Irrigated
agriculure activities, as well as private tubewell operations are monitored in six
watercourse commands.

Khikhi Distributary is the largest on which 1IMI is conducling research, although it
is only 43.5 km long. Regular observations and measurements of surface water
distribution are presenty confined to its head and the offtakes of its principal minors.
This is because the phased rehabilitation program of canal lining — the primary reason
for Khikhi’s selection as a study channel — underway since carly 1988, means flow
conditions are unstable for about six months per year. '

In summary, 1IMI Pakistan’s detailed field observations of sccondary-level irrigation
operations in the head reach and the tail reach of a very large Punjab cana! system now
cover a range of condilions of inanagement actions by, and options available to, Sub-
Divisional Officers and Execulive Engincers, the agency officers primarily responsible
for day-to-day canal operations. It is perhaps significant that the LCC system has also
been considered by many agency and government officials to be one of the better
operating systems in Punjab, although the sociopolitical environment dominant in the
command area of Upper Gugera Branch is reckoned to be possibly the most difficult
and violent in the province.
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PUNJAB CANAL SYSTEMS AND EQUITY

The equity principle that the Punjab Irrigation Department has sought 1o maintain in
canal operations was originally cstablished as a desi_ »arameter for Punjab canal
systems. An amount of water was 1o be made available at the head of cach moghu
(waltercourse outlet) for its command arca based upon a preset “duty” or water
allowance perunitarea. Two standards were followed in the design of the LCC system,
Outlets that served preexisting scitlements and their agricultural lands were allocated
1.9 cusecs (53.8 1/s) of water per 1,000 acres (405 ha) of culurable commanded arca
(CCA, the physically irrigable agricultural arca commanded by the outlet) or about
11/s per 7.5 ha. Moghas serving the agricultural lands of new villages were designed
to deliver water at the rate of 2.84 cusecs (80.4 1/s) per 1,000 acres CCA (about 11/s
per S ha). Design discharge at the outlet is therefore directly related to irrigable arca
commanded by the outlet, and cach unit of irrigable arca within the outlet command
is allocated an equal share of surface water. Since the amounts of water allotted to
area units in perennial canal systems were very low (at the wrn of the 20th Century,
the irrigation development objecuve was to protect maximum spatial extent from
rainfall failure and famine, not to maximize productivity per unit of land), it was further
envisaged that the actual area irrigated by farmers in any year of two agricultural
scasons would not exceed 50 percent of the CCA in the former instance or 75 percent
of the CCA in the latter case.

Furthermore, the large Punjab canal systems were designed and constructed with
a minimum of adjustable control structures throughout the main and secondary system.,
For example, below Sagar Head, the Upper and Lower Gugera Branch sysiem of the
L.CC, designed 1o carry about 170 cu.m/s at full supply, has only a single movable
crossregulator in its 250 km length. Below the distributary head gate, water is
distributed to the watercourses through fixed structures or moghas, cither an orifice
or flume, at their heads.

Unquestionably, there have been many changes in the 90 or so years since the LCC
system began operations. By no means the least of these was the introduction, in the
carly 19G0s, of an extensive large capacity public tubewell infrastructure (SCARP 1) in
the upper half of its command area, which ofien tripled or even quadrupled water
supplies at the watercourse head. Nevertheless, the water allocation principle for the
surface system remained as originally designed, and the performance objective for
canal opcrations continues to be the delivery to each outlet of its sanctioned share of
the distributary’s full discharge. Since the outlets are fixed structures, the relationship
between its design discharge and the water supplicd to cach watercourse head along
the distributary is governed primarily by hydraulic principles.

If the performance objective is to be achieved, then stable distributary water levels
at, or very close 1o, design levels are required, because departures from design levels
will mause differences in outlet discharges. The standard and most widely used orifice
outlet, the APM, maintains a proportional head-discharge relationship to about 70
percent of channel design discharge. Rotational operations between distributaries are
planned for use when system water supplies are insufficient to maintain canal
discharges above 70 percent of design.  Although routinely drawn up, rotational
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programs are rarely adopted, perhaps because it is widely assumed or perceived that
Punjab canal systcms operale continuously at, or near to, full supply levels throughout
the main and secondary channels.

DISTRIBUTARY PERFORMANCE: WATER DISTRIBUTION
EQUITY

An carly rescarch finding on Lagar Distributary was that the degree of maintenance
required to keep channel conditions reasonably close to design was not being
achicved. Not only was the distributary significantly silted, particularly in the head
reach and downstream of Jhinda Minor offtake, but its cross-section was substaniially
enlarged in many reaches and the embankments severely croded in numerous
locations throughout its length, despite having been rehabilitated in 1985 when the tail
one-third of the channel was lined. Figures 11.1 and 11.2 illustrate the difference
between design and existing physical conditions for Lagar in late 1988.
Conscquently, the existing full supply water level was subslantially above the design
level for nearly the upper two-thirds of the channel. Subscquent field survey work on
Pir Mahal and Mananwala distributaries revealed very similar physical conditions for
these channels, too. The implication is that the inability to sustain required levels of
channel maintenance has led to an increasingly widespread deterioration in the

Figure 11.1. Lagar Distributary: Longitudinal section (RD 0 to RD 32).
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Figure 11.2. Lagar Distributary: Longitudinal section (RD 32 to RD 62).
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physical conditions of distributaries throughout the LCC and, quite likely, in other
Punjab canal systems as well.

One conscquence of continuing low levels of maintenance inputs Lo secondary
channels is that the relationship between design and actual discnarge conditions at the
heads of watercourse outlets is dominantly a function of the physical distance between
an outlet and the distributary head gate. This is illustrated by the markedly similar
patterns of water distribution equity among outlets for Lagar (Figure 11.3) and Pir
Mahal (Figure 11.4) distributarics under near-design discharge conditions. The term
used here to describe this relationship, Delivery Performance Ratio (DPR), is the ratio
of actual discharge 1o design discharge. When the relative distance measure developed
by Murray-Rust (1IMI Review Vol.2 No.1 April 1988, pp 17-18) (“Equivalent Distance”
— a measure which combines actual distance and the locational opportunity of an
outlet vis-a-vis channel discharge) is applied, the difference between actual and design
conditions is cven more strongly related to an oudet’s location along the channel
(Figure 11.5).

When distributary head discharges fall below 70 percent of design, DPR for the last
quarter to one-third of watercourse outlets rapidly approaches zero. At discharges
below 50 percent of design, most outlets in the lower half of distributarics do not draw
any water at all (Figure 11.6). These relationships have been known for decades, and
the management option of rotational operation of distributarics was framed partly to
minimize incquity in water distribution under such low water supply conditions.
Interestingly, however, a rotational delivery progra.:ibetween and within distributaries
has so far been implemented only in Bhagat Sub-Division, despite the fact that head
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Figure 11.3. Lagar Distributary: Water distribution equity.
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Figure 11.4. Pir Mahal Distributary: Water distribution equity.
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Figure 11.5. Lagar Distributary: DPR and equivalent distance.
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discharges of less than 70 percent commonly occur among distributaries in Farooqabad
Sub-Division, too.

It is obvious that, on average, outlets in the tail reaches of distributaries draw only
a fracton of their intended discharges, while those watercourses located in the upper
half of the channel commonly obtain 25 percent to 50 percent more water than
originally planned. The resulting pattern of water distribution inequity between
waltercourses along distributaries is both persistent and severe. Moreover, there
appears to be relatively little variation in this pattern in terms of distributary location
in the system. The long-term mean monthly DPR for Lagar (Figure 11.7), a distributary
in the upper LCC, is little different from the long-term mean monthly DPR of Pir Mahal
(Figure 11.8), a tail-end distributary in the system.

The degree of inequity experienced by irrigaiors is perhaps most readily demon-
strated through the interquartile ratio (IQR), a measure suggesied by Abernethy in
1986, that compares the performance of the poorest performing quartile of water-
coursc outlets tu the top quartile along a channel. The measure has been modified
and used here both for alf outlets in each quartile length of a distributary (e.g., Lagar)
and for all sample outlets in each distance quartile (e.g., Pir Mahal). 1IMI data suggest
that the DPR of upper quartile outlets is generally at least 4 times better than those in
the lowest quartile (Figure 11.9 and Figure 11.10). This level of inequity largely
explains the intensity and near-continuous frequency of complaints of tail-end Punjab
farmers that they do not receive their fair share of canal water.

Figure 11.7. lLagar Disiribulary: Walter disiributi .n equily.
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Figure 11.8.

Fir Mabal Distributary: Water distribution equity.
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Figure 11.9. Lagar Distributary: Water distribution equity.
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Figure 11.10. Pir Mabal Distributary: Water distribution equity.

«©
o

..................................................................

N
(¢4
T

»
=]
!

..................................................................

-t
o
T

{nterquartlle ratic of mean DPR
-t
(4]
i

o
T

o

12345678 91011121 2 3 4 5 6
I 1988 | 1989 |
Month/Yoar

B Head vs Tall outlets

No ratlo for October-November, 1648
aa floods closed tall ocutlets

Although distributary-level inequity in water distribution is substantially accounted
for by high rates of channel sedimentation and concomitant low levels of maintenance
inputs, there are at least four other factors that interact to exacerbate this condition.
The best known and most widely acknowledged of these variables are “outlet
tampering,” activities that result in a physical modification of the outlet structure so
that it will draw more than its design or fair share discharge, and water theft, often
through semi-permanent and/or quasi-sanctioned pipes and siphons. These interven-
tions are widespread (increasingly so according to both agency officers and farmers),
invariably concentrated in the upper two-thirds of distributaries, and are difficnt,
though not impossible, to track. It is not uncommon for farmers and agency field staff
to be joindy involved in activities, and for both to benefit from them.

The impact of these factors is revealed on Mananwala Distributary where such
interventions have been more commonly observed by IIMI field staff than elsewhere
inthe LCC (Figure 11.11). This graph, asummary performance “profile” showing mean
DPR for IIMI sample watercourses of Mananwala, covers a two-week period in late
September 1988. In the upper reach of the distributary, a semipermanent, quasi-
sanctioned tampered outlet is shown drawing nearly three times its design discharge
under full supply conditions, a performance level consistently observed there since
studies began on this distributary. A second outlet about half-way downstream has
recently been illegally tampered with; it too draws about three times ils design
discharge, much more than previously observed under similar distributary discharge
conditions. A third intervention can be inferred from the virtual collapse of tail outlet
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Figure 11.11. Mananwala Disiributary: Mean DPR for sample walter courses.
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DPR for the period. Field observations and interviews, however, revealed that at
several locations about 30 kilometers down the channel farmers had intervened at
night during these two weceks to redirect much of the distributary, flow through
embankment cuts into a temporary network of nine watercourses o irrigate fields of
rice!

A third contributing factor to distributary-level water distribution incquity s,
ironically, the watercourse improvement program of the Directorate of On-Farm Water
Management (OFWM) which has as a principal objeclive the enhancement of water
distribution equity within the watercourse command. Certainly the impact thus far
observed is unintended, but it is significant nevertheless and is in large measure a
consequence of the pronounced bias in the spatial distribution of watercourse
improvement within distributary commands. A primary component of the OFWM
program is walcrcourse lining, which frequently involves the restoration of an
approprialte bed slope to the channel. In many instances the result is an improved
walercourse discharge, usually because the flow condition at the mogha is changed
from non-modular to modular, which is, of course, the design outlet flow condition.
However, when this occurs for watercourses in the upper reach of a poorly maintained
distributary, the frequent result is an outlet discharge greater than sanctioned (because
of a higher than design water level in the distributary), and a concomitant reduction
in downstream distributary discharges.

Unlortunately for distributary water distribution equity, there has been a very strong
“top-end” orientation to the implementation of the OFWM watercourse improvement
program. A survey of all walercourses of distributaries in Farooqabad Sub-Division,
done in 1988-89, showed that just under 40 percent of the total had been partially lined
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through the OFWM program (Figure 11.12). More than one-half of the watercourses
in the head reaches of these distributaries had becn iinproved as had slightly more than
40 percent of the watercourses in the middle reaches. By contrast, nearly 80 percent
of tail-reach watercourses had not been improved, despite the fact that more
walercourses are located in the tail than in either the head or middle reaches of
Farooqabad distributaries.® A comparable pattern of spatial bias is found among the
131 watercourses in the command of Khikhi and Pir Mahal Distributaries of Bhagat
Sub-Division, even though this locale was one of the first to be targeted when the
walercourse improvement program was initiated province-wide in the late 1970s.

Every lined (i.e., “improved”) watercourse on Lagar Distributary typically has a DPR
25 percent to 50 percent greater than the corresponding DPR at distributary head; all
are located within the upper two-thirds of the channel. Lined watercourses among 1IMI
survey oullets in the top two-thirds of Mananwala and Pir Mahal distributaries exhibit
a similar DPR relationship.

The last, though by no means least, contributing factor is the frequency of
distributary operations under low discharge conditions. Gperational data for 1988 and
1989 confirm that the distributaries under study typically operate at less than 75 percent
of design discharge for between 70 and 160 days per year, excluding the annual
maintenance closure period of 3 to 6 weeks. There are a variety of reasons for this
operational mode some of which are generic, others more channel-specific, and still
others remain to be clarified.

When Upper Gugera Branch canal operates at or below 75 percent of full supply,
Mananwala and, particularly, Lagar operate at less than 50 percent of their design

Figure 11.12. Farooqabad Sub-Division disiributaries: Distribution of walercourse improve
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discharges. The lower half of Pir Mahal was severely damaged by river flooding in carly
October 1988, and il took an unusually long time for repairs to the channel to be
effected. Ittherefore operated for about 60 days at a greatly reduced head. Moreover,
for another 62 days, discharge into the distributary was reduced or stopped as part of
the rotational program between distributaries in Bhagat Sub-Division. The resulting
pattern of low discharges for Pir Mahal is partially illustrated in Figure 11.13,

Figure 11.13. Pir Mahal Distributary: Rotational program at head.
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In all distributaries, flows are diminished or terminated for brief periods to carry out
urgent maintenance, o repair breaches in the channel, or because farmers have
indicated that they do not need water for their crops. No gatekeeper/gauge observer
has a reliable, up-to-date rating table to guide him in gate adjustments, so there is some
lag in their responses to changing main channel flow conditions. Only Mananwala
Distributary is equipped with a readily adjustable mechanical gate in any case. What
is not known, because of the relatively short time span for which data are available
and the limited sample size of four distributaries from a single system, is just how
widespread and persistent this operational pattern is in the Punjab.

DISTRIBUTARY PERFORMANCE: VARIABILITY IN WATER

DISTRIBUTION

Variability of surface water supplied to the heads of outlets along distributaries exhibits
a general spatial pattern that parallels that of equity in water distribution. Distributary



249

conditions that produce serious inequity in water distribution between head and
tail also tend to magnify water supply variability between these locations. The close
correlation with distance, in this case increased variability of discharge to outlets with
increasing distance from the distributary head, is generally pronounced for all
distributaries, whether at the head of the LCC system or the tail. Distributary profiles
of outlet discharge variability for the same month and similar head discharge
conditions for Lagar (Figure 11.14) and Pir Mahal (Figure 11.15) illustrate this pattern

Cerainiy this relationship is logical and consistent with expectations, especially
given he hydraulic conditions of channel flows previously described. As the amount
of dis:harge in the channel diminishes toward the tail reach, relatively modest
fluctuations in water supplies at the distributary head that are uncontrolled and
transmitted downstream in a rigidly designed system become a significantly larger
fraction of the remaining discharge.

However, there are also important and rather distinctive differences in water
distribution variability among the distributaries studied, apparently related to more
site-specific operational condiions. These include the presence: or absence of a readily
adjustable head gate and the activities of gatekeepers. As was iioted previously in [IMI
Pakistan’s 1987 reporting of preliminary research results, it is common to encounter
outlets where water flows fluctuate between modular and non-modular conditions,

Figure 11.14. lLagar Distribulary: Variability in outlet discharge.
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¢ Here and clsewhere in the discussion that follows, the coefficient of variation, a measure
of relative variability or dispersion around a mean condition, has been used to ascertain
variability in water distribution.



250

Figure 11.15. Pir Mabal Distributary: Variability in outlet discharge.
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particularly in the upper reaches of distributaries. In addition to changing distributary
water supply levels, the presence of a large public tubewell discharging into the
watercourse head can be a cause of this condilion. Farmer activities below the outlet,
such as irrigating higher fields during their warabandi (roster) turn along the
watercourse, poor walercourse maintenance, or improperly designed or implemented
watercourse improvements, have also been observed as factors contributing to water
distribution variability.

Manunwala Distributary is the only distributary currently being studied that has a
mechanical head gate. Lagar’s head gate is comprised of stop-logs (horizontal karries)
and at Bhagat (the tail of Lower Gugera Branch), vertical karries are used to regulate
discharges through the proportional dividing head structure into Pir Mahal Distributary.
In neither of the latter two cases is it as easy to adjust the head gate to respond promptly
to main channel flow fluctuations as it is in the former.

Analysis of a limited set of discharge and gate operation data for Mananwala
Distributary reveals that with careful and frequent head gate adjustments, variability
in distributary head discharges relative to the variability of main channel discharges
can be successfully ' managed. This is shown in Figures 11.16 and 11.17 where the
coefficients of variation of monthly main channel and distributary head discharges are
plotted, and then the ratio between Mananwala variability and Upper Gugera Branch
variability is compared to the number of adjustments made monthly in the distributary
head gate. The kinds of information used by the gatekeeper to make the adjustments,
as well as the reasons for many adjustments being made in some montihs but not in
others (thereby resulting in more variable distributary flow conditions), remain to be
identified.
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Figure 1i.16. Mananwala Distributary and Gugera Branch: Monthly discharge variability
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The likely consequences of such gate management can be inferred from Figure
11.18. The month of July 1988 was the month of maximum variability in Upper Gugera
Branch flows, as well as of maximum head gate adjustments. In November 1988,
variability in Upper Gugera Branch flow was less than 5 percent, although variability
of Mananwala discharges at head was nearly 30 percent, about 50 percent less than
that of July 1988. Overall, the condition of relative discharge variability at watercourse
heads down Mananwala for these two months was roughly the same, as indicated by
the computed trend lines for these two months. This would suggest that variability
in main channel flow was managed rather effectively in July, and was not passed into
the distributary to further exacerbate flow conditions.

Analysis of daily discharge conditions for Lagar Distributary outlets during 1988
indicates that there may be a significant diurnal pattern to distributary discharge
variability that compounds the problems of surface water supply reliability to which
farmers must adjust. Water supply variability for Fridays at the head and along the
distributary (Figure 11.19) during kharif scason, 1988, for cxample, was consistently
about 50 percent greater than variability on Mondays.® Concomitantly, DPR for

ligure 11.18. Mananwala Disiributary: Gate operations and outlet Q variability.
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8 Although a “Friday cffect” on operations of Pakistan’s canal systems has been speculated
about by some observers, this is the first firm evidence that such a condition may indeed exist.
Fridays, as well as half of Thursday, are the “weckend” in Pakistan and thus a time when agency
officers and staff are normally not at work.
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Figure 11.19. Lagar Distributary variability: Discharge at outlets on selected days.
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Mondays equalled or exceeded that of Fridays for about 85 percent of the season, a
period of maximum crop water requirement and, correspondingly, of maximum water
demand by farmers.

Such a pattern of discharge variability interpenetrating the pattern of water
distribution equity has important implications for actual surface water supply
conditions encountered by farmers in their watercourses where farmers’ irrigation
turns are governed by the common 7-day warabandi®. Typically, the warabandi cycle
begins on Monday mornings with the irrigation turns of farmers whose lands are at the
watercourse head. In this roster of irrigation turns, farmers whose turns come on
Fridays arc commonly those whose lands aie more than half-way down the length of
the main watercourse. The extremes in the diurnal pattern of DPR variability at
watercourse head encountered by farmers in mid-kharif 1988 in two watercourse
commands, one a head outlet and the other a tail outlet, on Lagar Distributary are
depictedin Figures 11.20 and 11.21, respectively (note the difference in DPR scale used
in - 1ch figure).

C carly, farmers whose irrigation turn comes on Mondays can anticipate both a
greater likelihood of flows and a better flow condition than can those with Friday turns,
just as all farmers served by head-end outlets can expect a better overall delivery
performance by the channel than can those supplied by tail-end outlets. The cause(s)

% The 7-day warabandi is followed in the commands of 17 of the 23 watercourse outlets along
Lagar Distributary’s main channel.
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Figure 11.20. DPR variability in Head Outlst 2R, for selected weekdays.
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Figure 11.21. DPR variability in Tail Outlet 20R, for selected weckdays.
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of this diurnal pattern in Lagar, and whether or not it is common to other distributaries
(and in other systems) can only be speculated about at this juncture. 1t has not, as yet,
been identified for Mananwala Distributary in the same sub-division,

Neither has such a pattern been observed in the operations of Pir Mahal, where the
interaction of both between-distributary and within-distributary rotations, currently
being studied there, may mask its occurrence. In any case, rotational operations
complicate the determination and analysis of variability in distributary water deliverics,
insofar as low water or no water conditions are certain to be present periodically,
Undoubtedly the within-distributary rotation practiced on Pir Mahal is a contributing
factor to the disproportionately greater frequency of dry days at il outlets than at
middle or head outlets (Figure 11.22),

Figure 11.22. Pir Mabal Distributary: Dry days (percent).

100
80,_ .............................................
g
& B0l e e e | +
5
540 ..................................................
s
32
20 .................................
0 L J 1 1 i 1
0 5 10 15 20 25 30 35 40 45
Kilometers

Mid-Kharif 1988

X Survey watercourses ~ Dry day trer.d

MANAGEMENT OPTIONS TO IMPROVE WATER DISTRIBUTION
EQUITY AND VARIABILITY

The primary objective of research on water distribution equily and variability at the
distributary-level has not merely been to define the current condition and its causes
in different canal systems in different agro-ecologic and hydrologic environments in
Pakistan, but rather to identify appropriate management solutions to such problems
that can be used by irrigation agencies. In the discussion that follows, some promising
Mmanagement opportunitics to improve water distribution cquity and lower waler
supply variabilitv in distributaries are identified.
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Improving Water Distribution Equity

Formerly, when regular monitoring of watercourse outlets revealed that discharges
had change significantly, primarily in response to the changing physical condition of
the distributery, a responsible officer (usually the Executive Engineer), would initiate
procedures to 1emodel the channel and the outlets so that the existing distributary full
supply water level resulted in a discharge that again met the design equity condition.
Of course, if inspection showed that increased outlet discharges resulted from physical
tampering with the structure, the outlet would be immedialtely restored to its former
design and legal procedures would be initiated to identify and prosecute those
responsible. 1t is widely admitted, however, that neither procedure to restore design
walter dis:ribution equity conditions is — or can any longer be — practically followed
by irrigation officers.

Consequently, improved management of regular maintenance inputs to distributaries
is now the principal method whereby the Irrigation Department can readily redress
scrious water distribution inequity between watercourse outlets. The potential gains,
as well as subsequent problems, of doing so were demonstrated on Lagar Distributary
during the 1989 annual closure maintenance period. In a jointly planned and
implemented “action” project, the Irrigation Department used survey and measurc-
ment data provided by 1IMI 1o target channel desiltation and other channel mainte-
nance aclivities to specific reaches of Lagar Distributary. The maintenance objective,
of course, was to improve distributary performance, particularly in terms of increasing
water distribution equity.

‘The performance profile for Lagar (Figure 11.23) after its annual closure confirms
that when mainienance inputs are targeted to the primary locauonal sources of
problemis, rather than to the locational source of problem complaints, as had been
done in previous years, the resull is a very substantial improvement in water
distribution equity. The distinctive linear correlation between lower DPR and outlet
distance from the distributary head was markedly weaker. In Figure 11.7, it can be
seen that mean DPR for tail quartile outets for March and April 1989 was much greater
than it ever had been for 7.ny two-month period since mid-1987. Even under a flow
condition of less than 70 percent of design, there was a greater degree of equity in water
distribution to outlets than had been previously observed. Morcover, under full supply
conditions, at least initially, the IQR of delivery performance between head-end and
tail-end outlets had been reduced from more than 5:1 to abo vt 1.3:1. Farmers served
by tail outlets claimed that surface water supply conditions were better than they had
experienced at anytime in the previous len years, although such claims could not be
independently confirmed by reliable data.

It is clear that by targeting, as well as prioritizing, maintenance inputs at the
distributary level, it is possible for the Punjab Irrigation Department to meet, at least
partially, two important irrigation management objectives. On the one hand, it can
obtain significant improvement in the degree to which it meets the existing canal
operations objective of water distribution equity. On the other hand, it can demonstrate
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Figure 11.23. Lagar Disiributary: Water distribution equity.

2.5
g 2r
&
g
£1.5
E
£ 4
40.5
0 1 1 1 1
0 4 8 12 16 20

Kllometers

Post-desilting 1989

* Watercourse - Design ® Discharge at head

a responsible management of the » mittedly meager resources availabie to it for the
maintenance of canal system physical infrastructure.

Unfortunately, at this juncture, there is no firm evidence that either management
objective is being achieved at a satisfactory or desirable level. In fact, the interquartile
ratios of mean DPR for both Lagar and Pir Mahal distributarics (Figures 11.9and 11.10}
suggest that the failure to manage maintenance inputs more carefully, can contribute
o a worsening pattern of water distribution equity. In the case of Pir Mahal
Distributary, the IQR of head to tail outlets since October-November 1588 (when major
work was donc o repair damage to the lowc - half of the canal caused by river
flocding), has been much worse than it was for the preceding cight months. The DPR
for Lagar tail outlets in the twelve months after substantial maintenance inputs during
the Jenuary 1988 annual closure followed a similar pattern.

Equally problematic is the current level of management of mairuenas.ce resources,
and this has important consequences for how long improvements in water distribution

% The 1989 budget said to have been available to the Executive Engincer, Upper Gugera
Division (which includes Farooqavad Sub-Division) for maintenance activities duringthe annual
closure period was Rs 300,000 or about $15,000 at that time. This amount was so small, relative
to the needs of some 27 distributarics commanding more than 230,000 hectares (575,000 acres),
that the Executive Engincer chose to simply divide it cvenly among the three subdivisions
comprising Upper Gugera Division. The ID-IMMI “action” maintenance activity was financed
separately from funds dircctly controlled by the Chicf Engineer, Faisalabad Zone. Slightly more
thaa Rs 65,000 was budgeted for it.
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equity can be sustained. Further developments in Lagar command have not provided
much of a basis for optimism here. Within slightly more than four months fiom
completion of the joint “action” maintenance project on Lagar, water supplies to outlets
in the last quarter of the distributary had deteriorated so badly that farmers there filled
in a 20-m length of channel in protest. 1IMI ficld observations and measurements
permit at least a preliminary identification of two crucial reasons for this development
that have significant implications for similar management interventions designed to
improve sccondary canal performance. First, targeted maintenance was not imple-
mented and completed as planned and approved, and second, initial improvements
in water supply conditions led directly to illegal interventions by farmers and ID field
staff in order (o appropriate improved supplics at points of locational advantage on
the channcl.

Comparative analysis of longitudinal and cross-sectional survey data of “before” and
“after” channel conditions, done as part of l[IMI's commitmeni to the “action” project,
indicate that only a modest fraction of the carthworks — cusilting and berm cutting
— thai were planned and said to have been done, was actually carried out.

‘There can be litle doubt that this was a major factor in the non-sustainability of the
initial improvement in water distribution equity. It is not clear whether this result
reflects local conditions of maintenance resource management or whether it is part of
a more widespread pattern, However, there would seem to be at least an implicd
need for more effective supervision and management of contracted 1D maintenance
activities at both sub-divisional and d.visional levels.

A spatial refocusing of the watercourse improvement program of the Punjab
Department of Agriculture, implemented by the Directorate of On-Farm Water
Management, is also likely to enhance conditions for achieving a more fair distribution
of distributary water supplies. If priority emphasis were given (o improving
walercourses offtaking from the tail reaches of distributaries before improving those
in the middle or head-end reaches, there would be less chance of improved oulet flow
conditions actually intensifying incquity in distributary operations. Action research to
test the efficacy of this approach could be readily designed and implemented with
agency cooperation and collaboration. Itis already clear that a management initiative
that deliberately focused and encouraged improvement of tail-end watercourses
would have the additional benefit of conserving surface water supplics in the
genuinely water deficit areas of distributary commands.

Initial canal operations simulation research using the hycraulic model, MISTRAL,
calibrated by empirical data obtained for LCC distributaries has included a comparison
of the management option of rotational cperations at the distributary level with existing
operatinnal practices for Lagar Distributary. Preliminary results indicaie that ihere was
a moacst decrease in the discharges of offtakes in the upper two-thirds of the
distributary, although most continued to draw more than their design or sanctioned
amounts. More important, however, was the prediction of a very considerable (two
to three-fold) increase in supplies to outlets in the lower one-third of the channel.
Given that distributary hydraulic conditions do not vary substantially among Farooqabad
Sub-Division channels, ihe tentative conclusion from this work is that equity in surface
water distribution could be significantly improved by implementing carefully planned
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and rigorously followed rotational operations at distributary heads in the sub-division
during low discharge periods in the main Upper Gugera Branch channel.

Reducing Variability in Water Distribution

Rescarch results confirm that careful management of head gaie structures is nccessary
if distributary discharge variability is to be reduced (o, and maintained at, the lowest
practical levels consistent with the rigid hydraulic design conditions of the secondary
canal system. This is neither new nor surprising. However, the efficiency of the
gatckeeper is substantially a function of the hardware and software available to him.
It does not appear likely that the hardware of existing distributary gate structures is
going to be replaced or modernized on a major scale in Punjab in the foresceable
future, although individual, localized imnrovements are bound to occur. More
realistically, if information were made more reliable, then better head-gate manage-
ment could be reasonably expected from gatekeepers.

Sufficient distributary discharge measurement data are now available to conclude
that there are significant differences between the amounts of water iecorded as being
discharged into distributary channels and actual discharges. Comparisons between
official records and 1IMI measurement data for Mananwala, lLagar and Pir Mahal
distributaries are shown in Figures 11.24, 11.25 and 11.26 respectively. A major reason
for this gap is that all gatckeepers (or gauge observers) in the two sub-divisions

Figure 11.24. Mananwala Distributary discharge: Comparison of I records and lIM] data,
August-September 1988.
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Figure 11.25, Lagar Distributary discharge: ID records and IIMI data, August-September

1988.
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Figure 11.26. Pir Mahal Distributary discharge: Comparison of ID records and lIM] data.
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where research is underway are using discharge tables for their structures that are often
more than 20 years old. When this condition is combined with the absence of gauges
at many distributary heads (none of the three distributaries discussed here have
functioning downstrcam gauges), regulation of head discharge becomes a matter of
guesswork or an “arl.” Accumulated experience is certainly helpful. So, oo, is the
presence of a readily adjustable mechanical gate, as at Mananwala head where
comparative dala suggest that the information gap between measured and recorded
discharge is often within the range ofthe accepted measurement error. However, even
in the absence of the latter condition, it secems certain that if gatekeepers were able
1o use their accumulated experience in conjunction with reliable information,
variability in distributary discharge could be better controlled than being done now.

CONCLUSION

Although the rescarch activities and results reported here are limited in their
geographic scope relative to the size of Pakistan’s canal irrigation environment, at least
onc broad, gencral conclusion seems inescapable. If a more productive and
sustainable irrigated agriculture is a system performance objective, then the results thus
far from rescarch on distributaries in the LCC system point o the need for a more
reliable, precise and disaggregated view of within-system canal performance than has
so far been available. This is an important, perhaps essential, first step in developing
appropriate and effective management interventions. Although a productive start has
been made in this direction in a single large Punjab canal system, there remain
substantial gaps in our understanding of distributary-level canal performance. An
especially important gap concerns actual main system operations and their impact
upon distributaries in the LCC.

There has been sufficient rescarch progress lo begin actively considering manage-
ment options to improve both the equity and reliability of water distribution to farmers
at «he distributary level. Several initiatives to do just that in a more “action rescarch”
mode, involving irrigation agency cooperation and collaboration with 1IMI Pakistan,
are alrcady underway or are being planned for implementation.
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