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INTRODUCTION

The heavy investments in irrigation development in developing countries
in the 1960s and 1970s have in many cases not yielded benefits-on the scale
anticipated. One result of this realization has been a closer. examination of
irrigation systems that are sometimes called farmer-managed irrigation
systems., Several important features distinguish farmer systems from those

managed by a government—éppointed agency. They tend to be under the control
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of the user from the point of water abstraction from 2 surface or groundwater
scurce and mest decisions, including those about the water distribution among

users, are made by users themselves.

pesearch has shown that though the physicail infrastructure of most
fovmer systems is weak, 2 strong organization of users can partially
compensate this deficit with capacity for rapid response in emergencies and
massive mobilization of labor for routine maintenance. A strong organization
for system maintenance also tends to enable more equitable water distribution
(Martin and Ycder 1987). However, farmer systems are faced with problems that

scme feel threatens their survival.
Problems Fammer Systems Face
Lift irrigation systems face problems that range from inaccessibility of

spare parts for pumps and increases in the cost of fuel, to draw-down of the

aquifer by over purping. Continually deferred maintenance of pumps and canals

. reduces delivery to a fraction of the design capacity.

Gravity scheres that previcusly depended upon forest products fof
maintenance of their diversion and canals are finding access to forests
restricted and supplies diminished. 1In mountainous countries like Nepal, the
population increase has necessitated a search for additional land to cultivate

and farmers have pushed into previously forested areas of upper watersheds.

Irrigators in the lower watershed claim this has reduced the pase flow of

streams'during dry periods and caused more frequent and severe flooding during
the rainy season. These are arguments farmers use to urge governmental

assistance for physical improvements in their systems.
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In most areas in the Hindu Kush-Himalaya Region, with pbssible
exceptions such as Bhutan where population density is still low, the best land
for cultivation has been developed and easily available water tapped for
irrigation. Farmers opening new areas must negotiate access to water for
irrigation with those holding prior rights. Goverrment irrigation developers,
however, frequently view water resources as a public good that they are
mendated to allocate efficiently and they sometimes overlook or disregard
existing use and local rights in order to expand irrigated area. This has
rasulted in many conflicts between farmers and government staff and the demise
of some systers whers the existing canal alignment was destroyved or the water

diverted to new areas.

Maintaining farmer systems that are largely constructed using earth,
stone, and branches is a continual task that is not only arducus but
dangercus. In areas of Nepal where access to education has enabled young
peoplé to escape frcm the farm, systems are said to be falling into disrepair
due to labor shortages. This is similar to a larger problem that has heen
evident in northern Pakistan and India for several decades. Male family
members seeking better erploymsnt opportunities terperarily migrats to the
cities and industrial areas leaving the farm enterprise to women, elderly men,
and children. Organized collective maintenance necessary to keep systems

operating is not always possible due to labor and skill unavailability.
Inmportance of Farmer Systems

One result of the attention to farmer systems is a better understanding
of the substantial contribution to food security they make in some countries.
This can be viewed from several perspectives. In Nepal, for example, survival
for many families in densely populated hill areas depends on the increased
production made possible by their irrigation system. At the naticnal level,
at least 45 percent of the nations subsistence cereal requirement is met by

the increase in food production made possible by irrigation’ from farmer-

_nanaged systems (WECS/IIMI 1990). Throughout the world, many countries have a

significant population whose economic and food security is dependent upon

irrigation systems that they manage.

Experimentation is also underway to create a whole new group of farmer-
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managed irrigaticn systems. Bs a mechanism for shifting the oﬁeration and
maintenance ccst to igrigation users and with expectation that productivity
will increase, 2 number of irrigation agencies are experimenting with "turn-
over" of management to farmers. In some cases, ownership of the irrigation
property is also being shif+ted from the agency to farmers.

Rzcegniticn of the importance cf farmer systems, reduced opportunities
for expanding irrigated area with new irrigation systems, and "turnover"
activities to move systems from agency to farmer management has focussed the
attention of irrigaticn agencies in developing countries on issues ralated to
long-term sustainapility of these systems. Agency engineers, government
planners, politicians, and researchers tend to have different perspactives ol
the potential and future viability of farmer systems. Researchers have tended
to study svstems hat are well managed. They suggest that evidence of
sustainability of these systems can be found in 1) the very large number of
systems that are in operation today, 2) the fact that many farmer systems have
survived decades, even centuries, with little assistance frcm outside the
commnity of users, and 3) that research evidence shews many systems have over
time become stronger rather than weaker as portraved by engineers in many

irrigation agencies.

However, some staff from irrigaticn agencies ramain skepticai. They
must respond to frequent requests for assistance from farmers and politicians
to improve farmer systems that are struggling for survival. When they examine
systems they cften find that they are in poor condition with even the best far
below the design standards they have been taught is essential for relisble
operation. They suggest that only a few systems, the ones researchers have
tended to highlight, are well organized and functioning adequately for long-

term sustainability.

'  How sustainable are farmer systems in the changing environment of

population expansion, reduced availability of materials traditionally used for

'naintenance, more accessible markets, and opportunities for employment away

from the farm? Is there a way to quantify or at least determine the long-term
trend in productive output from a system? Is there a way that sustainability
can be tested to provide input for appropriate policy decisions? Who should

jpitiate the work necessary to answer these questions?
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The purpose for examining sustainability of farmer-managed irrigation -
systems is to develop. appropriate government policy and adjust agency
irrigation implementation programs accordingly. Sustaiﬁability questions
could be addressed from a research perspective but experience has shown that
presentation of research rasults to an implementation agancy does not always
translate to the desired nrogram modification. This paper explores options
for monitoring sustainability frem the viewpoint that if an agency can

generate the information and carry out analysis with its own staff anc

~ssources, :he resulis will he mora cradible and program adjustment, iI

necessary, accepted mora readily.

TRAMEWCRK FCR SUSTAINABILITY AMALYSIS

Concerr. for the enviromment, human welfare, ané the world food balanc
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has develeped from indications that the agricultural rescurce base,

particularly 1= tha tropics, 15 being over exploited. Exarmining agrizultural
svstems frcm the perspective of their long term sustainsbility has beccme an
important solicy consideration in cheosing amcng developmsant opticns. Whils

i* is easy to agrase that sustainability is a concern for the Zuture and that
-

it carries an imperative to pian more thoughtfully, a great deal of ambiguity

still exists over the definition of sustainability.

Same argue that the ecological term stability (see Dover and Talbot
1987) ccmes close to describing what is meant by sustainability while others
suggest (TRC 1988) that the definition must go beyond stability. Conway
(1985) suggested that: "sustainability is the ability of a system to maintain
productivity in spite of a major disturbance, such as is caused by intehsive
stress or a large perturbation."  Lyman and Herdt (1988) used Conway's
definition and added emphasis on the time dimension. They conclude that,
"custainability is the capacity of a system to maintain output at a level

approximately equal to or greater than its historical average, with the

_approximation determined by its historic level of variability” (Lyman and

Herdt 1988). This definition suggests that a sustainable system is one with a
non-negative trend in measured output. This differs from the concept of
stability, which is considered to be the variation in output measured about

+he trend line. .
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In order tc use this definition of sustainability as an evaluation

eriterion, it must ba nossible to empirically monitor an output trend over

time. Such:a test requires that at a minimum one be able to specify the

system, determine a suitable time period, and measure the output.

Time Period

natsrnination of the time pericd for analysis deperds largelv on tha

1

urposz pehind the apalvsis. Assuming that the most important questicons Lo oe

- - Frs o =1 = = - 3 -1 4 e mmms ot IS =
paWersdt I=_32Ts Lo Lhe necessiiy and vaiue oL ocutsicde a=sistances Lo Larmer
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svsters, the time pericd must look forward far encugh to span the adiustments
 aarwing Dy expsriencs thalt accarpany changes in a system. 1T Tust 2i3C
nok maclmiard as far as possible to identify the past trend in oufput o

datanmine F the diraciicon and relative magnitude changes in the future. 7T2l3

P R

suggests that tWo distinct aciivities should be performed; assessment 0I past

~hanges 1a outsui. and irplementation of a means for recording futurs changss.

mhare must he an adeguate pericd to project system cutput into tha

syture with sufficiently low precpability of error whils conzideraticn for the
cost mancdatss keeping It as short as possible. Given that learning by
syperience and associated adjustments are a slow process, 2 pericd cf iive
cropping years meyend any major changes in a system would probabiy bz the
minimum over which to observe a trend in output and ten years give a more
reliabl=s indication. Consideration will need to be made for the ability to

qonitar cubput consistently for such a period.
System Boundaries and Output

Setting the boundary for level of analysis within the system determines
the output that must be measured. The most important objective of an

irrigation system is to deliver water in the right guantity at the right time

to the root zone of plants. It £ollows that the lowest levéel of meaningful

_analysis of irrigation system sustainability is water delivery.

At a higher lavel, the boundary of analysis could also be set to monitor
the effect of water delivery with crop prcduction measured as the output.

However, this rsquires consideration of numerous external factors that

-5-
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influence producticn. The bourdary of analysis could be set at the farming
system level but this is considered too far removed from the irrigaticn system

to provide meaningful insight on its sustainability.

wazer calivery leyel. Reliable waler discharge data rarely sxzizt evan

in systams cperated by agency engineers where water measurarent devices were
censtricoed as part of Ths system infrastructure. In farmer systems, with the

sucestion ¢ a fow case zz:diss where discharge data of up to a year ars

R i r = S ey o T —— ara
svailable, records of water deilvery do not exist
~sranmpingsion of the acsguacy ~f tha watar delivery kv CCmpErIng CICP

i1ity of watsr would improve the anaivsis Iy

acd-us: to new crops with clrzrerent water

4

level of complexity that would maxs
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informatoon TOi.32CTLO srirEnageabla excespr LI A ragsazrch 3etilng. SivpLy

it mmime =e—imT ~hancas in water delivary ove +4 14 oravids sufficient
Menihoring 3CTUS. SDENGSS Lo wWalss gliyary Qver Lime woula provids suU —1lCien
LR = P T " = - ! - o TE AWmomp~am
infermanicon to 2sIzdiisdn = LUERG in a 3ystam & perDoll CE. 1- charges Ln
fmr g A vermer raes Sspastad Ingque Y 14 need to b els b Aatarmins 17
Watsr CGe.lVerl UielT LELILLT—y LNCUILYY WoUrl DReEl o be macs "o <4etsriille Lo

. . 3 > -
the szusse 13 Sus "I Toe LERLT ind delivery cor Jemgnd SIc2 D T2 ZUELEMm
Messursment

and paricdic
expectad. Even -I ons ignoras spacial variation of delivery and concentrates
on measurement at a single lccation in the main canal, frequert measurements
ray be required 3Ince farmer systems diverting water frem & stream often have
extremely high cdatly discharge fluctuations. In addition, delivery must be
wnown for the entirs pericd in the cropping seascn for whizh irrigation is
esgsential. After adding the cost of human resources necessary for field
readings and datz analysis to rhe cost of installation of equipment,
rmeasurement of water delivery is expensive and not likely to be possible by

-

available staf? and resources in the irrigation department of most countries.

K4

‘ production lavel. Most farmers have good infcrmation about their total
preduction. Althcugh £33 way only be in relative tenmms, such as, the extent
theiv storsge bins were Ifillad compared to previous years or how many baskets
of grain wers put into storage and how many kilos of crcp were sold, this

information can be used to develop the output trend.
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The major difficulty with wonitoring the production lavel is
determination of which part of the production can be attributed to irrigation.
In many cases 2tT.least part of a household's production comes from non-
usually <o not have zny means of distinguishing
oroducticn. Crop cuts depa in satple fields would
this difficulty. Howevar, <rops rend £2 be ready

svstars in a country at ahout the szrs time and 2
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Qrrhar L300 00 PpUSLAL Lo SUCH 23 neW VETLITIIS, tTowso—a™- wsa,
em it i d i Ty mmA amar AT el  ma-war mrisss, skhanges G 1 alanes
CSinTEL L, ZUVRLOZILILTDT Giia wVS e - seel, markse DI_TTE changes 1L 1alco
R, - - = P [ B B P 1 g - o T . - = e s
suzply, cradit, sto., all nave Dearing oh produciicn. LiTEL z2nd HerzZt [l1zZT
- [, ¢ - e fraq = H r e = - -
g sitraticn the total Iactor PIC cductivizy should be used

have a acn-negative trand I sp=al factor praductivity. Given oS extal

data ccllection this weuld entatl and problems of standarcizing PIICes wosre
such of the production is consumed bY the farm family rather than marketed,
total factor productivity is too complex and expensive to be condu +ad by most
agency staff. It weculd pcssibiy be the procedure of choice in a research

setiing.

A less qusntitative strategy. irrigation departments and their

associated minisiries seldam have capacity to conduct more than rudimentary
research'let alcne research that must be sustained over a number of years.
Many, howsver, have a monitoring and evaluation unit. Frequently they do not
have adequate staff or necessary resources to conduct elaborate field
reasuraments. Assumang that such a unit would be assigned the task of
_uOPdthlng sustzinability studies, a method is needed that does not reguirs
sxpensive field measurements but will give 2 reliable indication of an
irrigation systam's ocutput over time. It is proposed that this can Le
sccorplished by using information supplied by the farmers. The follcwing

paragraphs cutline a procsdure for sstablishing detailed information about the
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total production cutput of a system during a base year that can be added to in
subsequent annual one-day visits to establish an outpuc trend line. The main
ieval of analysis is the astimated total production but farmer informaticn
about the adequacy of water delivery needs to be checked to determine if
irrigatizn supply was perceived ty the farmers 2s the limitation c<ausing a

EER R

change in productitn.

b

c3ing technigues developed for rapid rural appraisal, il
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f seyara] experienced persons o quicizly sstablish the bazic

iefermation of & srystim's past history and current producticn status This
:%QJL:ES ora to saverzl Jays dspesncing on the zize of the system. Basic

+ims im water de.ivery, area irrigatad, cropping patiern and Intensity, inputs
s yield of =ach crep. The year when move
coilection 15 dons is the base year against which T2

and the future trend.

Tmformaiicn heing colilected in the base year will be current in the
sawaez! winds and quiite raliaklz. Information from the morse diziant past
will be la3s reliable but when groups of farmers compare it to the current

ve change should be clear. A graph can be prepared that

',.l.
)

e
sresents an estimate O of production changes from the beginning of the systsm oF
s

at least for the past few decades shen recall is readily available

In each subsequent year there will need to be a follow-up visit to the
system. Open-endsd questioning can be used with several small groups of
farmers and the organization leaders to determine changes that have taken
place since the past year. By using a standard format for handling LhE
information, raw data values such as increase or decrease in water delivery,
estimated yield and area for each crop, fertilizer use, market prices, etc.,
can be ccmpared to past years while in the field for immediate identificatien
oZ changes. Identification of change should direct questicdhing into
determination of the cause of change. Plotting total production cn the graph

nalysis of the trend immediate and easily continued if data is

.._
=
]
v
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collected in futurs years. In addition to the graph there needs to be a
report several paragiaphs long based on the interviews with the farmers that

axplains the probable cause of the change in total preduction.
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31 ha and had expanded by a few hectares in 1988.

~armers statad that the major reascn for preduction increase from 1223
co 1560 was due tc improvad water delivery that allowad expansicn of the
~omracd area. The improvements zlso made the canal more reliable giving scme
in~raasad vield. In the mid 1960s fertilizer was introducec, This suprplement
-c th: commost already used by fzrmers brought significant <ncreasss in ylels
by 1978. In 1977 a group of farmers who had praviously not had access to the
system Ecught watar rights fram the Tulo Kulo organizaticn and the money was
used te enlarge thas canal for additional water delivery. Thiz allcwad a 2%
ser cent lacraase In =~: irrigatsd area and a major increase in total

or-duction between 1378 and 1983.




Tn 1989 the Department of Irrigation made a large grant to the Tulo Kulo

for improvement
the canal ‘where
the improvement

average cf 2400

of their system. The money was used for lining segments of
it frequently failed because of seepage. Immediately after
ther= was a dramatic reduction in maintenance from an annual

to 800 perscn days of labor. The farmers expect that the five

hectares remaining teo be irrigated for rice will be terraced within the nex

A one-time armual collection of information to extend ine production
grapn would tang cneg peIscn sbout cne day in this system not counting travel
svz=am'z record over tn2 past sizty jears and the

izproverants taal have “een made racently it is r2ascnable to expact the

lrripated. Las

i t2 coniinue to ilncrease until all the av

57 aiat 1 G|
liaple land 13

T e i e A em gmeem - e — —ee 1 [P = ~ = =ty 1
fecrszse in malntenance cost 1! enable farmers of the Tuic

¥ulc to keep their systen cperating for the foresesable future.
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Majh Ko Kulo, Baguwa

The Mash Ko Kulc was built in 1371 pr imarily to irrigate wheat and
raize. Tha farmers wers not organized for maintaining the system and for the
5 ztrusgled iodividually o lieep the system cperating. i

24 zssistance t: ilxprove the canal ancé abouir 13 of the

soeantial 00 ha comrand arsa recelved some irvigaticn., In the period from

1a0g —arough 38D the szystam again rzcaived assistance Zromoan action ras2arca
srosect (ses TITE/IDMI 1330). Ares expansion and addition 2% rice to the
SI2ITIing PATLAL easultes fvo3 figniilcant lncresss im mrcdusticn in 1520
~wellant =aze 2o follow Iov The LanC Sivs pEars Lo F22
sinTinuas upward. From Tns axpectaticns oL toS

r=rznt agsistance praject To insrzduce bettar

Zor this zvstem., I the crganization i3 oot

g Ere] e et e st Tmerm mmwmme et calmle
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MAJH KO KULO, BAGUWA
Sindhupalchok, Nepal

Total Grain Production (t)
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CONCLUSION

~

In the Tulo Xulo case, evidence points to a likely continuation in the

i
i
'
|
4
I
t

non-negative trend in production. Indication that production increased when

zds in the physical system is encouraginm Additicrnal

1]
5

improverents Wer

evidenc~e that maintenance time and material costs were reduced atier the |

3

recent assistance by the govarmment suggests that it should now be easier ior
g

farmers to continue to ope ate and maintain the system.

The Ma h F3 Kulo is perhaps a better example of the value of menitsring

=ha production trend. The svstem is not as well sstablizhed a3 the Tulc uic
zrd it is not csriain that ;r:duction will continue to increase even thcugh
sha lend and water rsscources ars zvailabie. The farmers' akiliz: t¢ manags
zris 3rstem with moderate to difficult maintenance Lequ_L_Tenb; iz still iz

gquesticn. With ths inigrmation that is alresdy available, one short vis:

ezch year will =llew analysis of the trend in total preduction.

-J- -

2y sdministaring the zame series of questlons SN each anmual visit, 1t

4i11 De pessibiz fo determane wiile in the field what has changsd in the
system's environment. Through group discussion, a quick probe into the

-eascns for change would provide valuable insight for policy and program

In the past few years, expectations have been raised for increasing focd
production by assisting and expanding farmer irrigation systems. This has
also raised concerns that many systems will not survive even if given
assistance and there have been suggestions that the assistance money would be
more productive if used for building new systems to replace those operated by
farmers. To determine if farmer-managed systems are sustainable and to assist
in developing appropriate policies and strategies for assisting farmer
systems, field based information of the nature demonstrated in this paper is

~

needed from meny systems.
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