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INSTITUTIONS FOR IRRIGATION MANAGEMENT IN FARMER-MANAGED SYSTEMS:
 
Examplesfrom the Hills of Nepal 

EdwardD.Martin and Robert Yoderl 

INTRODUCTION: IRRIGATION INSTITUTIONS 

There is a growing literature which examines farmer-managed irrigation systems 2 in a number of countries and a
variety of ecological environments. Studies from the Philippines (Lewis, 1971; Siy, 1982), Indonesia (Geertz, 1980),
Thailand (Tan-kim-yong, 1983), Sri Lanka (Leach, 1961), and Peru (Mitchell, 1976) have described a variety of
irrigation systems which are managed by farmer groups. This article describes and analyzes the institutions 
employed by farmers for the management of gravity irrigation systems in the hill region of western Nepal. 

Water. as one of the essential resources in agricultural production, has several unique characteristics, especially in
hill environments. 3 Individual farmers, acting alone, can seldom acquire water for irrigation. Construction and
maintenance of the structures to divert, convey, and distribute water usually require investments beyond the capac­
ity of a single farmer. Surface water cannot be easily stored, certainly not by the individual farter, in the way that 
fertilizer can it is availablebe. It must be used when or it is lost. Farmers generally cannot transport water
economically over great distances, and the locations to which it can be conveyed are limited by the topography.
One implication of these characteristics isthat institutions are needed for the development and operation of irriga­
tion system, The form and function of these institutions vary depending on the physical, social, and economic 
environments. 

Institutions have been defined as "complexes of norms and behaviors that persist over time by serving =clectively
valued. purposes (Uphoff, 1984)." Institutions regulate individuals' actions and consist of significant practices and 
relationships within a society. In some cases, institutions may be formalized in organizations like cooperatives, local 
governments, or banks. Examples of institutions which are not organizations are land tenure systems and customary 
labor exchange relationships. 

Institutions of both kinds contribute to production and development processes inseveral ways. They facilitate the 
aggregation of resources beyond an individual's capacity and the application of resources to the solution of problems
for tl'e benefit of many. They reduce uncertainty by the predictability of behaior that they encourage and enforce 
in vaious spheres including the distribution of benefits from collective investments. 

In this paper we examine institutions that have evolved to enable the collective management of water for agricul­
tural production. One institution is the farmer organization itself, ?n organization which has been vested with
legitimacy by the local community.4 Another important institution is the convention of property rights in water. 

IAgricultural economist and agricultural Lilginet r,the International Irrigation Management Institute, Digana Village, Sri Lanka. 
The research was conducted from 1981 to 1983 under the auspices of the Research Division and the Research Centre for Applied Science and 
Tcchnology, Tribhuvan University, KathmanJu, Nepal. Financial support was provided by the Ford Foundation, Appropriate Technology
international, and Cornell University's Program in International Agriculture.
The authors gratefully acknowledge the contribution of Prachandra Pradhan to the development ofthis paper. te visited the system frequently and the 
observations and concepts presented here were discussed with him on many occasions. The, are also grateful for the useful critical comments ofDouglas
Merrey and Mark Svendsen. Both Authors with to express their appreciation to the editorial and production staff of IIMI. 

2Farmer-managed irrigation systems are operated and maintained collectivelv by groups of larmc.s. Management of the whole system from 
source of water to the fields wiere it is used is the sesponsibility of the farmers. Irrigation systems of this type. are often referred to as
"comniunity-managed" systems (Coward, 1980). The term 'farmer-managed" is used to avoid the ambiguities inherent in the term 'community.' 

3Some of these characteristics do not apply to the case of irrigation from ground water sources, but ground water is not an important source of 
irrigation in hill environments. 

4The degree of formal legitimation by civil authorities varies among countries. 
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There is interaction among the activities of the three sets; for example, the organization must decide how to 
operate the structures to distribute the water. Not all activities are equally important in each environment, and the 
farmers' irrigation management institutions will reflect the relative importance of activities in a particular location. 
inthe context of the hills of Nepal, resource mobilization to maintainthe system for water acquisitionis the primary
activity which influences the structure of many of the farmer irrigation organizations. In addition, the institutions of 
property rights in water and the principle by which water iscllocatedhave imnportant implications for the efficiency 
and equity of the farmer-managed irrigation systems studied in Nepal. 

In the following discussion, we will describe and analyze two farmer-managed irrigation systems located in the 
western hills of Nepal which were studied for 20 months in 1982-83. The discussion will focus on the management
institutions for operating the systems, i.e., 1)the organization and the way it accomplishes irrigation activities, 
particularly resource mobilization, find 2) the principle of water allocation. 

HILL IRRIGATION IN NEPAL 

Irrigation to grow flooded rice in the valleys of the hill region of Nepal has been practiced for many centuries. 
Groups of farmers with adjacent landholdings have worked together to construct brush and stone diversions. They
have dug canals to convey water to fields that they have leveled and bunded for growing irrigated rice. The canals 
frequently must pass along steep slopes and through rock outcrops. 'Funnels a few meters underground are used to 
pass vertical cliffs and rocks. Landslides along the canal and floods which destroy the diversions demand high
maintenance inputs to keep the systems operating. In some systems each farmer receiving water must contribute 
20-30 days of labor each year for maintenance. 

In order for a group of farmers to accomplish the various irrigation management activities, their behavior must be 
organized. All but one of the 25 systems investigated had explicit organizations with designated rules and roles for 
carrying out these activities. The degree of formality of the organizations varied considerably among the systems. 7 

The focus of an organization and its structure are determined, in part, by the activities which are most important.
The hill environment requires long canals traversing steep, landsiide-prone hillsides to bring water from streams 
subject to flooding during the monsoon season. As a result organizations are structured to mobilize the resources 
needed to maintain the intake anJ canal for acquiring the water. 

In organizations that must mobilize a large amount of resources, written attendance records, sanctions for missing
work, and audited accounts were found. The rules and minutes of meetings tended to focus on issues surrounding

the mobilization of resources, e.g., how much labor and cash members must contribute, the fines for missing work,

and circumstances under which one is excused from work. The main functions of the elected officers of the
 
organizations were to organize and supervise the maintenance work on the system, keep accurate records of 
members' contributions, and enforce sanctions for failure to contribute as required. The formality of organizational 
structure was found to be, to a large degree, a function of how much labor must be mobilized to maintain the 
system. If little labor is required, the organization tends to be less formal and vice versa.8 

ARGALI AND CHHERLUNG IRRIGATION SYSTEMS 

The two systems to be discussed are both on river terraces (tars) 100-200 meters above the Kali Gandaki River 
at an elevation of about 650 meters. Agali is in Argali Village Panchayat and Chherlung is in Baugha Gumha 
Village Panchayat, 9 both located in Palpa District between Ridi Bazaar and Ranighat (see Map in Figure 2.) Argali
and Chherlung are about two hours' walking distance from each other. 

71ndicators of the degree of formalization of organizational structure were the number of designated roles, regular meetings,established sanctions 
and the extent of written records such as minutes of meetings, work attendance records, accounts, rules, and listing of members' water allocation. 
81'his conclusion is examined and su)ported by statistical analysis in Martin (1986). 
9 Nepal is divided into several levels of poiitical and administrative units. The village Panchayat, which consists of nine wards, is the lowest level. 
There are more than 3,000 village panchayats in Nepal. These aggregated into 75 district panchayats. The national panchayat is the equivalent of 
a nationat Parliament. Members of the Panchavats are elected by the adult constituency which they represent. 
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In Argali there are four irrigation systems, each consisting of an intake on the Kurung Khola (sream) and a canalwhich conveys water to a command area on the Argali river terrace. The four s'stems range in area irrigated duringthe monsoon season from about II to 47 hectares and in membership from 28 to 159 households. Since there islittle difference in the four organizations, we will limit the discussion to the largest system, the Raj Kulo (Royal
Canal). 

Three systems irrigate the land in Chherlung. The smallest system serves less than 10 hectares and is suppliedwith water by aspring near the command area. Little labor isrequired to operate this system, and it has an informal 
organization. 

The other two systems have intakes on the Brangdhi Kliola. They are called the Thulo Kulo (large canal) andTallo Kulo (lower canal) systems and irrigate 35 and 17 hectares of rice, respectively, in Chherlung. The ThuloKulo has 105 members and the Tallo Kulo, 60 members. They employ a principle of water allocation which isdistinctively different from that used in Argali. Because the Thulo and Tallo Kulo organizations and their historicaldevelopment are similar, we will focus on the Thulo Kulo system and compare it with the Raj Kulo of Argali. 

In both sites the soils are well-drained with high percolation rates. Measurement of the rate of water subsidetnce iiiselected rice paddies yielded estimates of the seepage and percolation (S&P) rate which increased over the seasonfrom about 10 to 80 millimeters/day in fields which were continuously saturated and from 10 to 160 millimeters/day in fields which cracked due to drying during rotational water distribution (Yoder, 1986).1 0 Consequently, waterapplication rates for rice cultivation are extremely high. The average over the monsoon qeason when rice wascultivated ranged from 4 to 7 liters/second/hectare depending upon the water supply available and the waterdistribution method.t I While the top soil layer has a relatively high clay content, it is not deep. The depth of thepuddled layer is controlled by the depth of plowing which aerages only 75 millimeters. The sub-soil layer isporous, and the water table on ihe river terraces is far below the surface. The shallow puddled layer, nature of the
subsoil, and deep water table contribute to the high perclation rate. 

Farm sizes are small in both villages. The average size of irrigated landholding (khet) 12 per household in bothsystems is about 0.3 hectares. Agriculture is extremely intensive in both locations, which is made possible byeffective irrigation systems. Farmers in both systems have developed the same cropping pattern on their irrigatedfields. Most farmers grow three crops: monsoon rice, winter wheat, and pre-monsoon maize. Several farmers inArgali planted rice on some of their land in the' pre-motlsoon season. In Chherlung, however, the water supply issolimited in the pre-monsoon season that if rice were grown, only one-third of the area could be cultivated, leavingthe remainder fallow. In order to provide equitable irrigation benefits among the members in Chherlung, water isallocated on a priority basis for maize. Since maize is a less water-intensive crop than rice, all of the hydraulic
command 
area can grow irrigated maize. Total grain production per year from a hectare of land in each system
averaged approximately 8 tons. Table I presents the results of crop cuts that were taken in the two systems.
 

Figure 3 shows the crop calendar that was observed in Argali in 1982/83. The calendar for Chherlung wasvirtually identical to that of Argali. Whereas during the monsoon season all of the khet is used for growing rice, inthe winter season some farmers grow potatoes, cabbage, or other vegetables in place of wheat on some of the area.In the pre-monsoon season maize is grown on most of the khet with a lentil crop, usually cowpeas, intercroppedwith the maize as a vegetable, fodder, or green manure.13 A few farmers with larger holdings leave part of their khet
fallow in the winter and plant a longer-season, higher-yielding maize variety before the time of wheat harvest.
 

I0The measured increases in S&P over the season are thought to be a result of the shallow depth of plowing which allows easy root penetration and 
cracking of the puddled layer. 

In contrast, systems in the lowlands of India, the Philippines, Indoncia, and Thailand usually require I to 1.5 liters/sec/ha. 

12Khe is the Nepali term for ticlds vhich have been lcsled and bunded into terraces for the cultivation of flooded rice. Bari is the term for 
iijiland fields which have not been lccled and bundcd for flrKd irrigation. 
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Table 1.Grain yields estimated from sample crop cuts in 1982-83 (tons/hectare). 

Argali 	 Chherlung 

Khet 	(leveled & bunded)
 
Rice 
 3.3 (89) a 3.5 (121)
Wheat 2.5 (83) 2.5 (95)

Maize 1.7 (92) 2.4 (95)
 

Total 	 7.5 8.4 

Irrigated ban' (sloping upland)
 
Wheat 2.9 (14) 
 * 
Maize 3.9 (14) * 

Total 	 6.8 

a Number of crop cut samples used to compute the mean yield. No crop cuts taken. 

Figure 3. The Argali 1982/83 crop calendar. 
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3As th. yields reported in Table I indicate, maize suffers in the three crop patem on the khet and produces less than half the yield of ntize 
grown on irrigated ban. Khet maize was harvested before maturity so that rice, the priority crop, could be planted soon after the onset of 
monsoon rains. It was in the field less than 95 days on average compared to 115 days for bari maize. 
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In both villages traditional varieties of rice are grown in the monsoon season. However, management-responsive
varieties of wheat and maize have been adopted by most of the farmers. The farmers in Argali who cultivated 
pre-monsoon rice planted a management-responsive variety. 

Many of the farmers also have some upland fields (bari). These may or may not be irrigated during the wheat 
and maize seasons depending on their location relative to the canal. If the bari is irrigated, farmers usually plant
winter wheat followed by a long-season maize variety which is not harvested until near the end of the monisoon in
September. Most households plant potatoes and vegetables for household consumption on part of their irrigated bari
during the winter wheat season. A legume is intercropped with the maize and harvested for household consumption
and animal fodder. After the maize is harvested, mustard may be planted, but this is not irrigated. A long-season
variety of maize L the common crop planted on unirrigated bari in both villages. 

Historical Development 

Oral tradition in Argali states that the Raj Kulo wvas initiated by Mani Makunda Sen, the first Sen rajah of Palpa.
This would make it over 300 years old. It was originahy constructed to irrigate land to support a temple which he
had built on the bank of the Kali Gandaki River at Ridi. Part of the production from a small section of the present
command area isstill given to the temple. Since the original construction took place so long ago, nothing isknown 
of how resources were mobilized and work carried out. 

Much more is known about the history of the Thulo Kulo in Chherlung because construction began in 1928.
Men who worked on it in their youth are still farming land which it irrigtes and remember some of the details of 
the original construction. Two individuals, a Brahmin and a Chhetri' 4, are credited with initiating and organizing
the construction and contributing the bulk of the initial resources needed to dig the canal. An additional 25
households provided some support, but other families in the community doubted the feasibility of delivering water
from an intake more than six kilometers away by means of a canal which had to be cut through dense jungle, hard 
rock, and along the face of sheer cliffs. 

lo build the canal a contract of Rs. 5,000 and ten maato muri (about 0.12 hectares) of potential khet land was
given to four Agiis from the village of Dainuk Khanee in Guimi District. 5. These four skilled canal builders hired
laborers, including people from Chherlung, and each supervised 25-30 workers. Construction was begun in 1928 
and continued for 10 monthis each year. The work was interrupted when people from Tansen, the District Center,
arrted severa! workers on the charge that they were taking wood from the jangle without authorization and
burning it to heat and break rocks. Tansen residents were also concerned that the canal would leak and ruin the 
ioad to Ranighat, the place w\here they traditionally cremated their dead. A settlement was reached when the
Chherlung farmers agreed to repair any damage to the roa-d, received permission to cut firewood, and were granted
the right-of-way for the canal. Water tirst floweG through the Thulo Kulo to the Chherlung command area in 1932. 

Farmers in Argali and in Chherlung have continued developing the irrigation potential of their respective water 
and land resources. In Argali they have built thice more canals parallel to and below the Raj Kiilo. These three,

known as Maili (second daughter), Sail (third daughter), and Khanchi (youngest daughter) irrigzte an additional 42
 
hectares of khet.
 

After construction of the Thulo Kulo in Chherlung had demonstrated the feasibility of irrigation from the
Blrangdhi Khola, two &-agars16 organized the construction of the Tallo Kulo parallel to the Thulo Kulo. The local 

I4Brahnins ari Chhetris are high cxste Hinduis. 

15persons who spent time working in the once Ilourishing mining industry ef western Nepal became known as agris. Numerous ethnic group 
and castes were involved in this Aork. Man Blahadur Kami, on,. of the four who tcok the Chherlung cor.tract, is credited with constructing a 
number of irrigation canals in Pilpa and Gulmi Districts. 

Magars are aTibeto-Burman cthnic ,roup n:!ti'e to the hills of western Nepal. 
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water or influencing the timing of water delivery. When the members in systems like the Raj Kulo were questioned 
about allowing those using drainage water to become members, the answer was universal that since they had not 
invested in the system they could not become members. Even acquiring: access to the canal water for a noncon­
sumptive use. such as a water-powered mill, was sometimes not possible (Scheier et al., 1980). A frequently 
expressed fear was that if irrigation access or other uses were allowed, right!, would be established to the water. If 
rights were established, then in the event of a drought the crops of the original mnembers would be stressed and they 
would not be able to deny water to the new users. 

Additional irrigation development from the same stream can usual!y only take place by other arner groups con­
structing their own diversion and canal downstream of the existing intake. The only exception is if the new canal does 
not diminish the discharge in an existing canal with an intake below it. Man communities have three or four canals 
conveying water from the same stream into a command area. Frequently the canals can be seen running parallel along 
a hillside, separated by only a few meters of elevation but serving distinct areas %%ithin the command. The construction
 
of multiple intakes and canals is often a result of the allocation of rights of access to water by prior appropriation. This
 
principle was enunciated in the law on Reclamation of Wasteland in the traditional legal code of Nepal, the Aluluki
 
Ain, as follows, "Water shall not be available for others until the requirements of the person who constructed the
 
irrigation channel at his own expense or with his own physical labor are first rect" (Regmi, 1978:24-4).
 

Water allocation, i.e., the distribution of entitlements to water from an irrigation system, consists of two dimen­
sions. The first dimension, discussed above, distinguishes the farmers or fields which have access to the system's
 
water fronm those which do not. The second dimension is a quantitative allocation of the water in t;ie
system among
 
the f-irmers or fields which have been granted access to it, i.e., the designation o"the quantity and timing of water to
 
which each farmer or field is cutlitied.
 

The Arglli Raj Kulo and Chherlung Thulo Kulo organizations have clearly defined both aspect; of water alloca­
tion. In Argali during the monsoon rice season, only certain designated fields are allocated water. Fields which have 
Inwater allocation, but onl which irrigation is hydrailically feasible, have lo claim on the wat,; resource from tile 
time seedbeds are established for the monsoon rice-crop until the rice is harvested. The amount tl.rater to which 
each field with an allocation is entitled is defined in terms of its area relative to the total irrigated arca. Ftormerly the 
tnit of area measurement was a inaato muri (about ,'80 of a hectare), and each field's allocation is still referred to 
as "so many inuriof water." Only those households farming land that has a water allocation for monsoon rice are 
members of the Raj Kulo organiza tion. 

fhe allocation during the winter wheat season and for maize planting is much less strictly defined and limited. 
Any farmer whose fields are located where they can receive water from the Raj Kulo is entitled to water in 
exchange for working on the system one day for each water application. The area that is irrigated during the dry 
season for wheat and maize is nearly double that which is irrigated during the monsoon rice season. 

Access to water for growing rice in the Chherlung Thulo Kulo svstem and mnembership in the organization is 
limited to households that own at least a fraction of a share in the system. At the completion of the Thulo Kulo 
construction, the Rs. 5,000 construction contract was divided into 50 shares of Rs. 100 each. Shares in the system 
were distributed among th ! 27 contributing households according to the invcstiet each bad made and became the 
basis oif the water allocation. 

Ownership of one share entitled a member to 1/50 of the discharge in the system. Several households had 
contributed enough to receive more shares than they needed to irrigate their fields, while other households recei\ed 
less than needed. In addition, many people who had been unwilling to risk investing in the initial construction now 
wanted access to irrigation. This led to the initiation of buying and selling shares. The ownership of transferable 
shares was thus established and continues as the method of water allocation in the ('hherhng l'hu0o IR1lo. 

Now there are 105 member households, and the range of share holdings is from oie-eighth to four shares. On the 
average in 1983, a share of water irrigated one-half hectare of rice. The price of a share has increased over the years 
with transactions taking place in 1985 t the rate of Rs. 10,0)0 (US$575) per share. t7 In the same year the price of 

17This is thecost or seasonal rentalof aone-time purchase ofa share, not an annual charge. 
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In Chherhng, saachos are used only to distribute water from the main canal into secondary canals. The group offarmers below tilesaacho is then responsible to apportion the water among their fields. When the discharge isadequate, the flow into each field iscontrolled by adjusting the size of tie opening in the earth bund and by placingstones and mud in the canal to divert part of the water. 

InI inIIcLI of Argali, saach( sare used for distributintg water fronl tIlema in canal into secondary canals, froni thesecondaries into tertiary canals, and firon tertiaries to the farmers' fields. They are installed to the field level whenfartiers are it able to satisfactorily distribute tilewater among themselves less fornally. Installation of a saachoeliminates the conflicts that arise tinder iliornia distribution as farmers try to take more, or are thought by their
neighboris to be takinig more, than their share. 

InI boih systells, when tilesupply is insufficient to provide continuous flow to the entire area at once, a timedrotation svsteat of distribuitioll is initiated. InI the 1982 rice season, rotati nialdistribution was not requIIired intheRai Kulo systein in Argaii. IHalfway throup h tilesame season in ('hhertinng, however, the water supply had dimin­ished to ti1e exte ltthat CmititiLiOus-lilow distribution to all of the fields \\as t1o longer possible. It was possible toretain continiuotus flow through tilesaachi iinlo all of tileseLOwndary canals, but farm ers within each secondaryfo med riitaliit nal un its alltdecidd inudependIIen tly wieu thev wanted to initiate rotational water distribution among
the fields served by their secondary. 

For water distribution withit. the sc nOlv. tileInmnber of minutes per share was computed by dividing tiletotali'shares served bynui ber oi ile secondary into the nunher (it intes in (lie rotation cycle. Each fitrmer would thenreci:i\e r( -thv air tmile tint period represo:n 	lltdlietiinuinbhr f shares lie ia aalloca tcd to his field served by thatsecolndary. A typical rotatio n c'ycle \\"a homus.s 3 ly setting the Ieeng th ,t lhe rotation cycle at 36 hoiurs, tlieirialioll tillt or each farnier altCriIId hin day io night. AlthIougllh iirig ting at night has always been anaccepted practicet in (hhterlun, it is both inotc dilficul (disrupting sleep) and expensive (requiring the purchase of 
batcries fir a itorlChlight). 

Water distribitionii Ai duriglilte xhetI : iii -casons is less precise and formal because the watersUpply is suifiCient to irrillte Iltoro than the com10mand rtica. Vater isapplivd e0iaidays before land preparalon tomake it suitable for plowiig and plaitin,. \W heat is then irrigated two or three mnlole: times during the season. Maizeimay hLeirigpated only at plantin, 	 1 l0iiik _l i nina At thefor .:n. most it is given only one or two additionaliritiNa depeCduldin ii tlie raiifiIi. \VIhealin,, 	 ,ild iaize irrioa itin is donie iurn-by-turn with the fariners informallyduecdiig illn the order. [rem h)itg tradition, tirnicis \waiiniig watei ila particular day will meet at ile main: aCihito at le Iicad of tile' atsystll 10:00 a.int. tdLccCidlC the order ifirrigatioin atid to do any minor repairs
IeCesSl IVthIdeliver tie desired an11t01ni tof Wail. 

Ii('hhrhiitig. itenestdTnandinie iiialtioii periud cLi.ht';!ris at mize planting time in inid-Apiil. Mostfintirls'' MC rad\, to plai maize al !he sale liiei, mn itheyniust in ,,te to initiate germination. Discharge in thetraii-gdii Ktola ir;April is verY low, requiring thait total flow of 1tlitfh, cai'l he rotated from one farner's field tothe ic.xtthe 'stein rather tlili secondary canal l''atil 	 VVi. iieici. ill :itliority for tie allocation of water for11a13L1planli--botlh in 
t tol timing--IS !isiI to the 'kiw. ' .luts for water itst be made to hinl,and as nearly as possibl- lie assigni5 \Vaiu Llivr lo ;l:h fiui. r's field ii lie
order inwhich requests are received.A lidIusi coniaflivtisists
if secveral terri cLNdepcnili- n tlhe slope air iidf'tile field. In order to allow equity inlinielk plailtint fieverv farnicr's inai/L. Iiie inuiil khi .a tleIes. Oi htihas is if requests for water each day, whatchpOril t_'1ifitrimer's field, i.e.,h\\ ininl
tcrracCs, will he iriated Pi !istlurn. Inthis way water iSallocated bytil ii to fariers, aild a tlili n of liCir lani, dcpenldn t:Icioiltileg c , . is,irrigated. The farmer must then 'wait for
another eile or more 
tlurns to cilipletc Ilismaize." plantiilg.
 

I:or aniirrigaliin sys tem timfuinction well, 
 tlie LIiibuliil of walter InUlst he donie according to the allocationschelne. The precise definition of farnters' water albocation is only useful iftlie system can actually deliver to eachfarier tle share of the supply to which he is - ii ,. Measuretnlnt and conipar:son between the arnounti f watertiCiliIv distributed and tie aminount allocated to dic:rent parts of anirrigaion system provides an evaluation of the
systen's pciefrniance. The portion of'the supply :le
ieverd to parts of thel'Fliil 

1 	

Kulo system was neasured andcOnnared With lileiol(it alIOcaltd to those piar tsiof 1t The sallie
le Ssterlls. tile'isirenients were nade for tieKanchi KtLo Syste 
 iniArgali which distribtutes water ill the ,ime nianner aS tile laj Ktilo.As Table 2 shows,the
act01alI
distribuition closely mached the alliCt ion, an iidication if ctgoodsystem performance.
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10.2 

'Fable 2. Compari. on of water distribu;on to water allocatinon in selected sccon,;aiarics. 

LoAcation of Water Water 
System Secondary Allocation Distribution b 

(percent of total w:. [el (percent of total water 
in systeni)a in system)a 

Thulo Kulo, Chherfung Head 9.5 
Middle 114 10.5 
'Fail 21.8 20.6 

Kanchi Kulo. Argali Tail 16.6 16.9 

.,Since not all secondaries were measured, percentages do not stin o I00 percent.hl )echarge in the main c nal and selected secondaries was measurtJ twicc dilyvfr 97 da, h d. i:g th- 1982 inonson rice seson. The figures 
rcfei to the percentage of the total volume of water supplied to the rts.pective secon:laries m, the seas,,1. 

M:tinlenance 

A critical period for maintenance of most hill irrigation systems, iulcludin .',rgali and Chherlung, is prior to and
during the monsoon. Major routine maintenance is done in late iay and june it) prepare the system for the 
mnsoon season when effiien: water delivery for rice cuttivation is most important. At this time, the diversion and
canal walls are repai.ed to reduce leakage, silt :nd weeds are cleanued from the citire length of canal, and sections of 
the canal are lined with clay to reduce seepage. This usually takes between i\,o arid three wetks. 

li Clhherlung. because of the low discharge in the stream in April, simila miu:en:ance is also carried out prior to
land preparation for maize. After the 1983 maintenance for maize, it va', obseiv,-d that tie irrigators had used clay
t. seal the diversion in the stream. All of the surface water in the streaw was captured, and measurements showed 
that lbr the short peiod during maize planting, over 80 percent of the water entering the canal reached the 
command area 6.5 kilometers away. 

A large amount of maintenance is required throughout the monso,n seas,,i. The streams fluctuate tremendously

with the monsoon rains, often damaging the diversion structures made of brush, stones, and mud. The heavy rainfall
 
cauIsCs landslides 
on the steep, unstable hillsides along which the catials run. interrupting the flow of water until the

c;tnal is repaired. The intake and main canal 
 are patrolled daily so that there is early detection of damage. The

Chhcrlung organization pays two men 
to do this every day during the monsoon, while in Argali the members take 
turns patrolling in pairs. 

[he men patrolling the canal will do minor maintenance work sutch as rCairing small leaks. In Argali if there is a
need for more laborers, one of then will inform the mukhiya who then organizes tncmbc.rs to do the repairs. In
Chherlug the members are divided into seven groups, and each group is responsible for maintenance on a different
day Of' the week. If laborers arc needed, they will first be drawn from that day's group. Sometimes, due to the
magnitude of the .isaster, an emergency will be declaied, and then each mctubcr household is required to send one 
man to work. Work will sometimes continue at night by the light of lanterns until the water is flowing again. 

During the winter wheat anii n,.ize seasons, much less maintenance is requitcd b cause there is very littlh rainfall.
The farmers who want to irrigate on a given day may have to repair the intake to divert more water or plug small 
leaks in the canal to irncrease the flow. relatively minor efforts compared to th, nonsoon season maintenance. 
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Resource Mobilizatiom 

Resource mobilization is critical to the effectivrness of an irrigation system, and both the Raj Kulo and ThuloKulo organizations successfully mobilize significant amounts of resources every year. Most of the labor and cash resources are contributed by the members, although small grants and some technical assistance have been givenrecently by the distric panchayat and Department of Irrigation, Hydrology, and Meteorology (DIHM). Both organ­izations mobilize between 1500 and 2500 man-days of labor annually, depending on the severity of the monsoon
rains and the attendant flooding and landslides. Both organizations have assessed cash contributions from members 
for the purchase of cement to line portions of the canals. 

In both systems resources are generally mobilized in proportion to the benefits that members receive from thesystem, i.e., according to the water allocation. In Argali, where water isallocated in proportion to area irrigated,labor and cash are also contributed according to area served. Members must contribute labor for ordinary mainte­nance work at the rate of one man for each 40 maalo nuri22 of khet each work day. A household with only 20
maato muri is required to provide one worker every other day. 

Members in Chherlung contribute labor and cash according to the number of shares they own in the system. Ahousehold with one share is required to supply one man each day of ordinary maintenance, while one with twoshares must provide two workers each day. Table 3 presents the numbee of man-days of labor mobilized by the two 
organizations.
 

Table 3. Labor mobilized for system maintenance (person-days).
 

Year 
Routine 

Maintenance 

Raj Ko, Argall 
Emergency 

Maintenance 

1961 1120 681 
1966 1251 92 
197 1120 690 
1968 
1969 

1085 
1120 

371 
825 

1970 
1971 

1453 
1135 

a 
161 

1972 1003 159 
1973 1032 543 
1974 1287 205 
1975 1104 358 
1976 1203 294 
1979 1264 1378 
1980 1087 638 
1981 1322 985 
1982 1179 822 
1983 1271 599 
1984 92r, 449 

Average 1165 

1981 
 c 
1983 c 

1984 
 c 

1985 
 c 


Average 

544 

Thulo Kulo, Chherlung 

c 
e 

c 
c 

Total 

1801
 
1343
 
1810
 
1456
 
1945
 

a 
1296
 
1162
 
1575
 
1492
 
1462
 
1497
 
2642 b 

1725
 
2307
 
2001
 
1870
 
1375
 

1692
 

1811
 
3541d
 

1362
 
1740
 

2114 

aMissing • bConstruction of& oad above the canal began in 1979, resulting in more than usual damage to the canal for several years.
'Routine and emergency maintenance not .eparaied in records of the organization. dDamage caused hy amajor landsliae required much more
 
man the average amount of labor.
 
Source: Raj Kulo and Thulo Kulo organizations' attendance records.
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In 1982, members of the Thulo Kulo organization were assessed cash contributins at the rate of Rs. 250 
(US$19) per share, raising a total of Rs. 15,000 (US$1,140) from 105 member households owning a total of 60 
shares.23 Rs. 34,800 (US$2,636) was raised by assessing the members at the rate of Rs. 580 (US$44) per share in 
1983. Most of this was spent to build a masonry wall several meters high to support a section of lined canal 
following a severe landslide. 

The one exception to the rule of prop rtionality in resource mobilization is when an emergency isdeclared. Each 
member household must then supply one man, irrespective of its water allocation. At the annual meeting in May 
1983 in Argali, some members with small water allocations strongly protested that it was unfair for them to have to 
provide the same number of workers in an emergency as households with a much larger water allocation. After 
much discussion the decision was made to leave the rule unchanged but to be careful about when an emergency is 
called, i.e., only when there is a real emergency. 

In order to mobilize the resources needed to maintain the system in effective working order, the organization 
must have sanctions which can be applied and enforced when members fail to contribute their share of labor and 
cash. Both systems levy cash fines against members who are absent from work. The fine for missing a day of 
ordinary maintenance is set near the local daily wage rate in Chherlung, Rs. 10 (US$.75) in 1982 and somewhat 
lower in Argali, Rs. 6 (US$.45). In Chherlung when a major emergency is declared, the fine rate is increased to 
encourage a higher rate of attendance. If a person is absent from the community when the emergency isdeclared or 
has another acceptable excuse such as illness, the fine is reduced to Rs. 6 per day, even for a major emergency. 

Fines, when levied, are paid because as one farmer in Argali said, "If the fine is not paid, the organization can 
deny the offender water.' Also, the community of members can exert social, as well as physical, pressure on 
members to pay fines. In Chherlung it was reported that in an early year of operation of the system, one mar did 
not report for emergency maintenance for several days. When his fine was levied and he refused to pay, a group of 
members confiscated his cooking pots and threatened to sell them to pay his fine. Within a day or two, he paid the 
fine and recovered his cooking pots. Other members witnessed how serious the organization was about enforcing its 
rules and collecting fines, and payment has been 100 percent of all fines levied. 

At a December 1982 meeting of the Raj Kulo organization, two members were appointed to collect the fines 
from the previous monsoon season and any that were outstanding from previous years. As remuneration for this 
work, they were entitled to keep 6 percent of the amount collected. In both organizations, the cach that is raised 
through fines is invested in maintenance and improvement of the system. Until it is spent, the money may be loaned 
to members who pay interest to the organization. 

IMPLICATIONS OF THE PRINCIPLE OF WATER ALLOCATION 

The principle of allocation has important implications for the efficiency of water use and the expansion of the 
irrigated area. Allocation of water in proportion to area irrigated provides no incentives for efficient water use nor a 
mechanism for expanding the area irrigated. 24 In Argali there have been significant improvements made in the 
canal, and the amount of water supplied to the command area has increased considerably in the past 25 years. 
However, there has been little increase in the area irrigated. DIHM invested approximately Rs. 400,000 
(US$30,300) in the system in 1982 with no change in the irrigated area or cropping intensity. The main impact of 
the improvements made over the past 25 years, including those by DIHM, has been to reduce the water distribution 

22A naato muri is a traditional measure of area. Forty MaaU,muri.equal approximately half ahectare. 

The exchange rate at the time was Rs. 13.2 t US$ I 

24An exception to this statement isthe warabandi systems of Northwestern India. in these systems water is allocated in proportion to land area, 

but each farmer receives considerably less water than needed to irrigate his whole farm. Farmers, thus, have an incentive to use water efficiently 

and to expand their irrigated area. 
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costs. 25 Much less effort is now required to manage the system. \Vhcreas the lar1utrs once had to Its,,a rotationsystem of distribution and go out to irrigate at night. sometimes sleeping in the field to guard their water, now thewater flows continuously, to all fields. I is recognized that there isplenty of wateriemembers hav'e to irrigate additional land,26 hutno incentive to allocate water t)fields owned by nonmenbers. rolmaintain their yields, theywould have to work harder to inanage a smaller amont of water more elficiently, i.e., change to a rotation systemof distribution, and would receive nolhing in return. 

On the other hand, allocation by purchased shares in ('hherlhng provides both the individual incentivesefficient water management and a mechanism forfor expanding the irrigated area. As the system improved, the amountof water delivered and, consequentiy, the amount of water per share increased considerably. Shareholders candecide whether to keep all their .,hares and reduce their management input or to sell part of the additional water.Beca use the individual can sell pal ,*fhis water, he isaware of the opporLunit. Cost of his use of water, and there isa financial inlcentive to Ilamae hIs water efficiently. In addition, if an individual sells part of his allocation, theamount of labor that he must contribute to maintaining the system is reduced. Since the Thulo Kulo requires a largeamount of labor each year for maintenance this provides another incetise to redttce the number of shares owns and to use 
one

the water morc efficientl,,. 

A comparison of the seasonal ilative water supply for the two systems gives an indication of the efficiency ofwater use. The relative water .tppfl is estimated by,dividing the total s,ater supply by the total demand for waterover the season)27 Seepage and pircolation in both systems \as measured tot be approximately the same, with thedaily average over the rice season hcing approximately 35 millimeters. Computation tsing data collected twice dailyover the rice 
system and 

seaon gives a seasonal relati, e water supply of approximately 1.0 in the Chherlung Thtlo Kulo1.3 in the Argali Raj Ktulo system. In neither system was there any indication of moisture stress, but theThulo Kulo farmers had to practice rotatina distribution while RajcontitntIsly'. The relative water supply calculation suggests that 
Kulo farmers were able to distribute water 

water was managed more efficiently in Chherlungthan inArgali, lending support to th hypothesis that allocation of ss;ater by the sale of shares results in moreefficient management of water than alocation inpri portion to area irrigated. 

The sale of shares, either b\ individuals or lror lc Stslen allarge, prMIdes a mechanism for expanding the areairrigated. Water is not tied to a specific land area but is distributed to wherever, within the area commanded, thoseowning shares want it. In ChhcrlMg the sys tem has expanded throtgh the sale of water shares to the point where itnow irrigates 85 percent of the potentially irrigable area. The chairman of the Thtilo Kulo organization estimatedthat the area that is irrigated during the tonsoon season douIt'.:d between 1967 and 1982improvements as a result of continualto the .vstem and subsequent sales of shares. lit comparison, only 45 percent of the Raj Kulo'spotentially irrigable area receives irrigation for the monsoon season rice crop. 

Interestingly. the Raj Kulo organization has recognized that the sale of water shares would be an effective meansof expanding the area served. Most members a,'cept that !here issurpu 
 water in the system, and that the work the
Department of Irrigation, yldrology and Meteorology did in 1982 
hs made the Stpply more reliable, i.e., less
subject to major interruptions by landslides. In 1983, it appeared that the government was going to reduce by halfits contribution to the local school's budget,precipitatiug a financial crisis for the school. A decision was made, after
much debate within the Raj Kulo organization, that the Raj Ku!o orgaLinon would sell 200 muri of water (about
10 pci cent of the supply) and gise the 
money to the school a'. a pernianent endowment. Requests for the water 

251ie
11C os lIfIilltill.tltitl,i lso 1tis rfcfUCC., tte falaillLahlc 3 do notKuho is lailel%the +w 
,ho\ Oi,.(llqt illnif ;i road above ;id parallelto the Rajt tftite hiier iw ielniantte lahoi .'ttccn 197) indf1983. Rtcks ,ind riiilconstiucitl %,,erc c\as'au.'d by the collractor duringduimped dii (tit' intohillide thecanal. N tt he tif(or theroad %%as made. tiehillsidelandslide, Ihe b, 

is less slahle reswlting in moreRN.40iUt1,)tl Ni 30,30(0) til eCr, 
 tr fd ,him, 
WIN \ia,, iu it iiitll hunc pipe iroiit this\ulnerahle area.
 
- S c\ral i rnir re
rt %ivntdallof liettll,dthat if ilfc piitti ialii Ir yahlt:f nd. ihe, \\otl itii ,alethe nturearea by rotational distribution, thusdoubling lieot it"igaltuid iltvlaii \W hileoll''llt 'elllher. ~f.'. t'did ulot all 4 IhV poliCriil ;oCtathar oild he irigaited. all accepted that some,0dJiji'1,l AlIiecould IV tl.ilwi h tilt' ut"l U101y M~ittn'i 1\t rWdUCtu'ttiI h 

27 htfi I'liclit.s , a fcireiip ;. t oldl irithillof iil 4t 01'ln' 0iAit lle1l i n.uii s of t .ip 1ith1iiiwil'I nd.stfcpveand pelct l.lattii 
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were solicited, and 40 households applied to purchase nearly three times tie amount offered for sale. The price was 
set at Rs. 2,000 (US$ 138) per muri; only two houcholds were abl to raise the necessary cash, indicating that tile 
rate was probably set too high. Based on the flow., in the Raj and 'hulo Kulc. in the monsoon of 1982, the price 
per unit of flow, i.e., liter per second, set in Argali v,as ten times higher than the rate in Chherlung at that time.
Before the price or conditions of payment could bc renegotiated, the government restored its contribution to the
school's budget to the original anount, and mlenibcs of the laj Kulo organization lost interest in the sale of water. 

The allocation principle also has equity implications. In Argali the only way that a person can irrigate rice isfor 
the household to have inherited khet land with ;Iwater allocation or to buy some irrigated land. It is,thus, nearly
impossible for the poor and loN,' caste people to actluic access to irrigation f'()r the important monsoon rice season. 
In the past, no low caste households had land v,ithan allocation of water. One )amai 28 has been able to buy a
small parcel of khet with earnings from work in India. lie is the only low caste person in all of Argali with land that
has a water allocation for monsoon rice. Irrigated land is extremely expensive (Rs. 400,000 (US$27,500) per

hectare in 1983), and the poor have little pos,,ibitiy of busing arty.
 

In Chherlung 20 percent of the members ol the Ilhtu0 Etriloorganization ilre low caste households, and gaining

access to irrigation is much more feasible. A pers)io with unirnigated land in the hydraulic command area has only

to purchase a fraction 
 f a share of water in the system ,tid through hard work gradually convert his bari to khet

and realize more production on it. He does not need to buy expensive, already irrigated land to acquire access to the

benefits of irrigation as he would in Argali. Most of the Ilow caste members' fields are in the area to which irrigation

was first supplied after the number of skhares in thC sySte;-. was increased by the sale of 10 additional shares in 1978. 

CONCLUSION 

In this paper we have described and analyzed the institttions utilized tor irrigation management in a number of

farmer-managed irrigation systems in the hills of Nepal. Farmer control of the entire irrigation system 
 and the need

for farmers to rely on themselves for the operation and maintenance has resulted in the development of sophisticated

institutions for management of the water resource. These institutions have enabled effective use of irrigation, making

extremely intensive agricultural production possible with three crops ctltivated 
 er year in many systems. 

The institutions examined included both thle organiiation which manages the irrigation systems and the tradi­
tional convention of property rights in water. Both types of institutions are essential for the effective operation of
irrigation systems. Irrigation institutions are designed to enabc :he accomplishment of certain activities related to 1)

the water, 2) the physical structurCS for control of the ,.ater, and 3) the organization of farmers which manage the

irrigation system. In tile hill environntnl of Nepal, the activity of resource mobilization for mainltenance of the
 
system for acquisition of water was found to be the most 
critical activity which influences the structure of anirrigation organization. The principle of water allocathm as found to have extremely significant implications for
 
the efficiency and equity of utilization of irrigati ii rcsoulrccs.
 

Two specific systems, the Raj Kl1O of Arg.di a2d the Ihulo Kulo of Chherlung, were described in detail. These 
two systems exhibit many of the institutional ch;rac tristics common to a number of irrigation systems which were
observed in West Nepal during the 20-month pj jod of field research in 1982-83. The structure of the farmer
organization in both systems issimilar. Membership is limited to those households with a right to use water during
the monsoon rice season, officers are elected by the imembers, regular and special meetings of the members are
convened, resources are mobilized according to members' water allocation, sanctions are applied for failing to
provide the required amount of labor for maintenance, and written records of attendance at work, accounts,
members' water allocaition, and minutes of meetings are maintained by the secretary. Both systems require a large
amount of labor to maintain intakes, which are often damaged by floods, and the main canal which must traverse 
steep, landslide-prone hillsides. Between 1,500 and 2,500 man-days of labor are mobilized annually in each system
for routine and emergency mainenance. 

28The Damai arc an unouchable -aste as tailors.who traditionaliy work 
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The v,aler allocation of each member is precisely dined iIn both systems. The Raj K ulo organization allocates 
water to each member for monsoon rice in proportion to the aIren of irrigated land owned. To acquire water rights 
f0r tlie alnsoon season. h urseholds IIIuIS blty laid w1,1hich a,,cad has water allocated to it. In Chherling, the Thulo 
Kulo organization allocates water by the sale oif shares. :rid property rights in %!iter are, th us, separate from 
1wnII.elrshi p of lanNd.NIo~t tr: iln actiolls of' water slhares take place between ind isu,is. hut on one occasion, the 
oai/:ittiim sold sharC, increasing the total nubenr of shares in the system. 

A nlcaslire of the perf*Orniinc of in Irrigation s' ste i Is a con parison of how closelv the actual distrihution of 
wa', tliei t e teC CIteAll oc3 ti.. 'I SIles'IIItcII(tof' ilor distribin to difl'Crent parts of the conmand area 
showed tllit in both ('hhlirlung ariLl Areali \UatCr distribulion very closelyIinatcelid the pat tern of water allocation. 
Thlus by thi isiCa',liC both s\stems can he said to have performed well. C(olntirinOUs flow through saachos (propor­
lollitng Welis) a1nid timliLd rotation Ire the two methods st! to distribute Ihe water in accordance with the 
allocation.
 

lic comparison t' the Raj Kulo and stm dInirllnstralts the itilportarice 0f th-.e princilC of water[hto Kulo i 
:allCatiol Io Cfficient rlI ,equitable' d.'\,.hiineii 0! irritation rcsomrces. if 'atcl is to h utili.led efficiently aad 
iria ted atrc. iic rca sCel. thIicrc ii1t11,t he in centiA , 101 cficient \;iter management and rechiisis for expandirg 
;rCCess to tc \1Cter. ,Vater alloCatii h\ tuhiiti'd ,hlares, as ptacticed iIiChherhIng, provides lie ill unidid 
ilcCti'e arid an MieaIi/itrl I niechani'nis,, 'hie citable the efficicnit dvhelopuent of :esourc's, while allocation in 
proportin to arC: inli:VCd doC, not. Iti o itr:,t tl th Ra.I Krio systen, treIhllo Kulo s\,vstcnl has I) expanded 
tine arta if i iatcd duriug the ilt,isooi sca.,o to a igdeler extent, 2) adlieved more efficent water utilization through 
liore ititc!i\c nCIiagnlIni t of the dlisti iution, And 3) relcd grater equity iII access to the irrigation resource. 
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