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WATER COWROL TNSTfTfITlONS AND AGRICULTURE: 

A Comparative Perspective 

1, Imigation inst i tut ions+ and more speckfically the reLatian 

between irrigation and general politf cal au thor i ty ,  has attracted much 

ateention from social scientists and histmicans since long. no- 

then a century back Mamr ha d suggested that the apparent peculiarities 

of Oriental society, which had been noted even earlier by classical 

momists like M i l l ,  may have something to do with the technical and 

organisation& compulsions of water control$' Weber had also postulated 

asimilar connection between the necessity fo r  i rr igat ion and the import- 

2/ ant d e  of the bureaucracy in ancient Egypt, %est Aaia, India and China.- 

3/ This llne of' argment was further elaborated by Wittfoeel- i n t o  a general 

t h y  cmcerming the inherent tendency of hydraulic societies to become 

cmtralised , despotic states. 

'"lf h i g a t i o n  farming depends on the  effective handling 
of a large supply of water, the distinctive quality of 
water - 5ts tefidency to gather in bulk - becomes insti- 
tutionally decisive, A large quantity of water can be 
channelled and kept within bounds only by the use of maee 
labour and t h i s  mass labour must be coordinated, disc ipl ined 
and led. Thus a number of famers eager to conquer aird 
lands and .plains are bed to invoke o p g a n i s a t ~ l  
devices which -.on the basis of pre-machine technology - 
offer t h e  one chance of succeas; they must work in coopera- 
tion with the ir  fellows and subordinate themaelves to a 
directing authority,. . 





4. While there is impressive evidence to cast doubt on t he  W i t t -  

hgel hypothesis, we do not h e  an slternative h m t h e s i s  regarding 

tb determinants of the form ~f imigaticn institwtions or their rela- 

t i ~ n s h i p  t c ;  p r r l i t i c s l  authority. P m t  of the  difficulty arises from tllc 

d i g u l t P e s  in t he  concept of 'centnilisat ion ' and of ' irriget ion 0rz~ilis .: - 
tien' which runs through most these studies.  For instance, ao Bunt a ~ i l  

h t  haPe notcd, thwc is a tendcncy to confuse between two distinct t j . ;-l  s 

"..One refers exclusively tc author i ty  in terms of the 
irripsticn system. The other' ref esls to generalisad 
political authority which may involve other functicns 
of control outside or above simple water control. In 
one case authority is exercised ever different d e c i s i ~ n s  
making rights in T e r n s ,  exclusively, of the  social, and 
technical nesds of -the irrigation system 3er so. In the c t h e  
case authority is exercised over,.water as one aspect of 
a complex pc l i t i ca l  role or of a lar~c multi-function 
polit ieal machine. r8 (Hunt and Hunt, 1976 : 132 1. 

5, T h i s p o i n t i s a l s o e m p h a s i s e d b y K c l l y w h o  g o e s - n t o  

ficus on the need for  Creator c h r i t y  in the concept of tbr igat ior i  rx;_ i 

nisationg i t sa f f  . Xprigati~n, he paints a t ,  hiis several ;;kses Cn~ne: -- 

mtmi of the wster souxe ,  the! delivery cf w a t e r ,  the actual a:,pSc--ti:>=.. 

I f  water t o  crops, and draina~e 1 ~ n c h  cf which involves a number of '; W- 

tinct functions Inamrly, ' f a c i l i t y  crmotruction' , ogeration cnd m;,intc c5. , 

a l l o c a t i ~ n  and conflict mso1ution). fn view of this i t  is iil~;:;r -. 

phte ,  and certair.1~ misleadin$, to srcak cf hi&a- t  i m  crc~?ni.sa-ij a: ' 

PI if it were a single unit handling all phases an3 functicns; m t i i ~  5: 

has t o  be viewed i n  terms of arrangements f o r  performing the various 

functions in each of the phases o f  irrigation and water :ontrol. [J: 2: 1.1 



6, Morcrjv~r  ae alx~ia-d., %:ar,, i tl:c c! . :nus t c;f ths: above studies view 

water crmtrol i n s t i t u t i o n s  pimarily in tc. ins cf t h e i r  re la t ion t o  

general political authcrity* Though they document the wide variation8 

in internal stmctures and processes of thesc institutions (as distinct 

from the ir  extern~11 Eorm), thcrc  is harrlly any ~ttemyt a t  kxmining 

the significance of these variations or thc reascns therefor, It is 

of coursc recognisec? that ins t i tu t icns  fo r  water control have to be 

viewed in r e l a t i on  to agro-cl imati c cmdi-tions , the technology of watw? 

contrul  and of agriculture, land tenure and other factors which define 

the  context in which thesc institutions f u n c t i ~ n  and which to some extat 

c m d i ~ i o n s  tho3 1- c hnrmc ~tlristics.- 4' Howevc?r, while most of the studin 

give some infarmation on tho physical and technological c ~ n d i t i o n s  ofth 

study area, they do not always bring out the relations between them 311 

the structure and working of water control i n s t i t u t i ons .  This calls frr 

systematic ,comparative studies of water control  systems in d i f f m t  a p  

climatrc, technological and socio-cconomic cuntexts, Though the need 

for it is appreciated  ownin^ in^ and Gibscn 1974; Cowad Jr.i9130), suds 

are altogether rare. We however have a few studies of the evolution of 

watcr control institvtions in s?ecific reeions of China (Hamashima 1911) 5 

(Tamaki 1979: Aatate, 1979, 1981; Kelly 1980) and Taiwan (Vander Meex 1971; 

s/ Pasternak 19725 which throw some light or, these intar-relations.- 

7. In recent decades t h e  role of water control in agricultural d m -  
I 

lopment has come tc attract mere and. more a t ten t ion ,  That expansion ldl 

improvement of water control. facilities (and in particular ircigatim)bu 

a crucial r ~ l e  in increasice agricultural pwduction in densely populrtll 

developing countries is by now c o ~ ~ ~ ~ n y l a c e  wis&nn. H ~ s t  countries in Asia 

attach meat importance to rai-d development of !migation and flood cd 4 



a d b  spent massive runounts for t h i s  purpose. However experience 

showsthat theze is grczt deal more to this than the construction of 

naervohs and canals. The effective ut ilisation of these facil it ies 

is often found to be impeded by the in&j . l i ty  to complete the construction 

d terminal dis-tribution and land improvement works, and the lacunae in 

the organisat ions For proper maintenance and operation of theee facilities 

n a continuing basis. This has stimulated much interest in the problems 

misting to the design of water control institutions: what the "tightw design 

sbwld be; and what the impediments to implementing the right d e s i a  are. 

hnow have a sizenblc literature on these questions (see for example 

hard Jr. 11380, IRTiI 1978, Wickham 1971 1. 

1, Wortunatdy much of t h i s  literature also tends to focus on insti-  

Ntims per SP, w i t h  what seems to be an excessive pre-occupation with 

lifferrnces in form, e . g . , c o ~ l i n i t y  managed vs . bureaucratic systems ;and 

mtralised vs; decentralised systems. Not only is there no necessary 

m l a t i o n  between Ebmn and effectiveness , but the appropriateness of 

institutional forms cannot be decided independently of the am-climatic, 

trehnological and land tentlre conditions. Which again stresses the need 

fir, and value of, comparative and histmical studies of irrigation inati- 

Mions in a variety of natural,  technological and tenurial contexts so 

that we can have e better unders-tanding of the nature of ins t i tut ions  

ouited t o  different  cantextr; and the exten* to which they can be expected 

to * m e  n p i c u l t u r a l  performance. 



Obiectiv~s and Scope ~ a i  i'ap3t 

9. T ~ E  cmp~xi ty  of the task is tm dvious to be stressed, N w e ~  

theless  5-t: is worthwhile, as a beginning, to atteupt at least t o  sort wt 

the key clmmts of the physical, the technological and socio-econmb 

environment which have a bearing on the nature of t he  watcr control 

problem and hence on t h e  i n s t i t u t i ~ n s  for handling it. It is to this en4 

that t h i s  paper is a d d r e ~ s e d .  H~pefully it will help in t he  formulatior 

of a more comprehensive and better-ar'ciculaterl framework in which cm- 

parative studies of water control institutions, their r o l e  and evolution 

can be undertaken. 

10, l'k scheme of the paper is as follms: Since the ultimate purpm 

of water contm?, is ty help j.ncrea3e agricultural production, it is a p p  

p r h t e  to s t a r t  by spelling c u t  the relation between water control and 

agricultwai p~"c:du~:lcin, TnZc i:i iht: subject of the following secth.  

Section 3 deals with the ccnstrmcti~n of water control and distribution 

systems and the  mls which institutions ,along with other factors ,play ia 

s h a ~ i n g  th~m. The subsequent section is concerned w i t h  the mahtenanca' 

and the operction of water control sy~terns. B<,th are aspecta of continu& 

management u s d l y  handled by tho same rrrganhztion. NevertheJ.esa t h q  

are functionally d i s t i n c t  and should theref ore be considered separately. 

main p i n t  is that while the rcle of institutions in -aging the recum 

continuing tasks of maintenance, waTm allocation and conflict reaolutim 

is much more crucial to rhe effectiveness of w a t e r  control than during 

construction, t h i s  r d e  5s ccnditioned by the physicel charactsristics of 

t h e  zysrem and by fact.jra other than water which determine the returns 

to irrigation. Persistent or ecute conflicts within the irrigation systr 



~nd/or a change in tho returns to i r r i ga t ed  farming induce changes in 

control procedures and eventually in system desim. A t  a11 

eagea we draw l iberally on the available descriptions of water conSrtiL 

vtms in different parts of Asia land more par t icu la r ly  India, Chhr? 

ad Japan) to illustrate the argument. The main points of t h e  discussitn 

which are suggestive rather than conclusive , and t h e i r  i m p l i c a t i ~ n s  igr 

*her studies a m  highlighted in the concluding section. 

2. WATER COMTROL AND CROP PRODUCTION 

l i b  Water serves two essential functions in plant grclwth; I.; :.'sex - 
h p l a n t  temperature within tclcrable limits and facilitztss the F I ~ F . :  .' .i:.- 

b nutrients, Plants can ~ n l y  use the aoil/muisture zvzilablz ~ ' i t h i r  t h ~ ~  

nart gone, There is usually a certain maximum amrant cf watcr which e 

fidd of given soil ty?e anc! depth can hold at a pa r t i cu l a r  p i n t  ~f 1-29s 

Uhm the soil moisture stcck falls below this  level plants f h 3  it k:cL *mini  ly 

lifficult to maintain the ratc of t ranspirat  ian necessary to re~julatu t si:r 

)#ahre. Uptc a certain p o i n t ,  the y l a n ~  has i n t e rna l  adjustment mer'r ,;.I: IL 

b c q e  with moisture stress without my adverse consequences to it8 ! :'. ; -! . 
)R beyond that poin t ,  which varies with crap species 2nd veriety , c-.;. - 
t h d  stpess begins to have adverse effects  on t h e  v i t a l  life ~ F C E -  ?t 

d the ~ l a n t  , including its capacity for ghutosynthesis - These 3 ! v ~ r  .-, 

d e c t s  increase as the moisture stress increases until in the e x r h F .  

US1 the plant  w i l t s  to death. The mount of moistur2 availsble i n  1.2, 

met zone also affects the volume of nutrients which tha ;;laIP can ?-dtlr.~.:l 

ad the efficiency with which they are utilised: In guncral the: : :! : 

hnt the s o i l  moisture, t h e  larger the volume of nu t r ien t s  which ;ller. Ls 

c;ll absorb and the greater the efficiency of' their use. Addi t i snn l ly ,  . i i  



the case uf paddy water plays ur i m 2 ~ r t a n t  r d e  in replaking soil 

i f  temperature an2 in cuntrolling t h o  growth of weeds.- 

12. F m m  the  purely ae;rcnomic v i e ~ ~ i n t ,  the ' i d e a l *  soil m~is ture  

regime can be duffned aa t h a t  levnl  at which t h e  p l a n t  is free frommeny 

mois-twe stress and can W i s e  its full   me tic pctential. (prc-vided that 

other inpu t s  are user! in t h e  required measure). F i e l d s  under crops are 

conthwl ly  losing s.311 moistwe on Z C C O U T I ~  of transpirstiun by the plants 

and evapra t ion  from the exposed soil: between them. Losses due to BICC~ 

eva?o-transpiration I ET 1 must thcref ore be replcniahed pr~mptly in order 

that the  plants are not subject to any moisture stress, Xt so happens tlsd 

ET (under c~nditions cf no moisture stress) depends largely cn so- 

2/ 
radiation, humidity and ether climatic factors;- Except in the case of 

paddy, which needs substmtia1 amounts uf water f o r  puddlin~ and for  

keeping the f i e l d  smmged, the nature of the cmp grown seems t o  make 

3/ no s ign i f ican t  differento.- 

13. The s easo~a l  pm:f i l e  of ET is typical ly  cf tho shape rlenoted by Fe 

in Fig, 1 : It is rela-t ively low in t h e  winter and gracuzlly rises to reach 

a peclk in the summer months before fa l l ing .  fn the  absence cf irrigath 

the only source cf soil mcisture is loca l  rainfall.  If the quantum and 

seasonal distr ibut icn of effeceive rainfall I i - e . ,  that part of the rah- 

fall which is absorbed and retained i n  the scil} is such that the Losaeo 

due to ET are prcjaptly and fully repl~nishecl ,  year-mund cropping is 

possible withou*t: any nee2 fir  i r r i ga t i on .  The only l imi t ing  factor 

wodd then be the wirter tqeratures. 

14. The above siru2tic.n czn obtain if the seasonal distribution of 

effective r a i n f a l l  more or less coincides with that uf ET. Such chasituf 

t i o n  i s  however w r y  mm. As a rule, in most parts  of Asla the dbtri)', 



Jan June Dec . 
Fig.1: Seanonal pattern o f  Evaporation LET; and Rainfal l  CRRJ 

bf raitfall relative to ET fo3 7 7ws the pattern shmm in t h e  above f igure  : 

Yfective ra infa l l  is less than ET in the relatively dry months and 

weeds it du:in& 'L1.- r . - , - - - '  L A .  In other w ~ r t l s ,  the moistwe available 

ia an ,he werage more than al pate to meet crc; -water requirements in 

1Le rainy season burt falls s h o r t  o f  it du~Jmg the  res t  of t h e  year. The 

rtlative p o s i ~ i o n s  of LT and RR, which is on2 L,i>02,1tant manifestation of 

&#w climztic conditFons , hnvc a rr~a jur bearing on the timing of sawings, 

th dbation of the crop scason as -vrclL as t h e  naturc of crops grown under 

nhfed condit ions.  The greater the  seasonal corlcentration of rainfall and 

the larger the gap between ET znd Rq, t h e  shor te r  is t h e  period available 

fer raising crops whclly on the Sas5s of ra in fa l l ,  The function of irri- 

ptim (and watw control  generally) is to bring thc seasonal pattern of 

water availabil ity more closely in l i n e  wi?h that 0.2 ET. 

15, There are several aspects of.this: In the first place, even where 

mthe average and t ak ing  a season as a whole, +he mount of rainfall  is 

ldequate to meet crop ?later needs, its dis-tribution wi th in  the season is 



ofien so variable thax ~,inft i ;T & izsr;lf cxa not be trusted to ensure 

that soil moisture is maintained at: appropriate levels throughout  the 

-wing seaton. The variability in the dzte of onset of rains and in the 

amount of r a in fa l l  during t h e  early phases of the season affects t h e  date 

of sowing as well 2s t h e  rate of germination and establishment of the young 

plants a l l  of which obviously hare a significant bearing on the eventual 

yields. Similarly dry spella during crit ical stages of plant  growth 

(which vmies with cmps) can reduce eventual yields considerably. Under 

these conditions irrigation has an important role in ensuring that the 

soil moisture supply i a  adequate especially during critical stages of 

crop p o e h  imspc-t ive  of t h e  unpredictable vmiations in rzinfall during 

the growing season, The lower the total rainfall ,  and the greater its 

variability d d n g  the season, the mom important the role of irrigation. 

6 fn m y  p m s  of A s i a ,  especially in south Asia, the nature of crops 

which can be vokm ~!uair~z -Ihr. w - t  saasar is also conditioned by t h e  w e l h -  

b i l i ty  of rain and by t he  fact that the t.. t a r  quantum of precipitation -1 

is l o w .  Thus in most parts of peninsular India rainfed lands can grow only 

OF 
millets, pulses/oilseeds durllng the monsoon season. Under these conditions, - 
irrigation works which aument the  t o t a l  supply ~f water during the rainy 

season errable farmers to p a w  cmps like paddy which yield much more than 

other cmps but require a larger volume of water, The im~act i s  even more 

dramatic in arid regions Like Rajasthan, Punjab and much of Pakistan where 
Q/ - 

ra infa l l  i s  scanty even during the monsoon season, In such cases the 

possfiilltjles: of rainf ed agriculture are s e v d y  limited : A relatively 

high proportion o f  land i s  under pastures or kept fallow, and the rest 

of it used to grow species and varieties of crops (mostly miUets and 

pulses) which can sumrive on small and precarious moist- supply and 

whose yield potent ia ls  axe by t he  same tc.'cen low, Introduction of -irrigation 



in such a context enables a signlf icant expansion of cultivated area, 

an extension of the cropping season and a switch to an altogether new 

and more productive cropping patterns. 

17. Cmtralling soil moisture conditions, however, does no t  always or 

wtclusivePy depend on i r r i ga t i on :  In many circumstances, the problem is 

protect cultivated lands from inundation and provide effective drainage 

in areas prone to water logging. Flooding arises from spells of heavy 

rainfall concentrated in a short  period and fs liable to be especially 

rerioua in the plains along t h e  lower reaches of large rivers. Swamps 

ad marshes, mostly in the estuarie~ of major rivers oftcn requim ela- 

h a t e  drainage works to remove excess water and make the land suitable 

hr cultivation. (Extensive areaa of cultivated land both in China and 

Japan were in fact reclaimed by t h i s  mema. ) Besides, in all irrigated 

tracts, efficient drainage is essential to prevent waterlogging and 

aalhity arising f r m n  i ; l r?iscr~ r k i a t  c ixjrigation . Sn vim of these, the 

cmcept of water control relevant from thr viewpoint of agricultural 

pduct ion  should obviously be broader than irrigation and must cover 

flood control and drainage as well. 

I I ,  It is clear that water control could contribute to increased agri- 

cu l tu ra l  production in one or more  of several ways: It can raise yields 

of pmticular crops and make them more stable,by facilitating planting 

at the optimal time and by enlarging scope for fertiliser use; it can 

cmtribute to inmasing the intensi ty of cropping by reducing the extent 

cf fallowin& anC/or by extending the sffective croppinp season; and it 

mbles a peater diversity of crops to be p w n  permitting in the process 

aswitch of high pmductivity, .high value crops. However the precise mami- 

tude of the increase in productivity per u n i t  area <and in total production) 



depends nc;t only on t h e  extent bf t h e  watcr csntrol. system znd its 

quality, but also m s m e m l  o t h e r  factors nctably climate, soils and 

tho genetic characteristics of the c w p  varieties p;rown, 

19. To i l lus t ra te  t h e  point I c t  us consiCer t h ~  effects of water confiYl 

on the productivity of a ~ i v c n  zmp vmiety, In figure 2 00 repmsnetr 1 

the yield response curve of a given cro? variety to fertilisers under 

rainfed conditions; 00 denotes the posi t ions  of the =spans8 curve at 
2 

t h e  limit o f  the eenetic potential of the sme variety under ideal so i l=  

c s n d i t i ~ n s ,  (i.c. , w11m the  c r q  is not subjected to any moisture stress 

at any stage of its g a w t h ) .  How fax asart 00 and 002 are depends in 1 

part  on the  reliability and scascnal distribution of t h e  r a in fa l l .  

J\ 
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I 

I I u t r i e n t ~ / ~ ,  
Fig.2:. P r o d u c t i ~ n  p o s s i b i l i t i e s  under different noi~ture regimes 

for a given crcy: vtrri~ty.  

20, The more anplc the rainfa l l  and the more even its seasonal. distrmr 

relative to ET, the  smaller is likely to be the  incmase in yields as a 

result of water control. The genetic charactaristic of the crop uarSety 



wuld influence the extent to which the fertiliser response curve 

would shift when 'no m c ~ i s t m  stress1 water ctntrol is introduced. 

Art in general y ie lds  per hectwe are likely 'to be higher at any given 

lml of nutrient use and the maximum amount of nutrients which the plants  

muse  to be also higher under ideal moisture conditiuns than under 

~ B f e d  cultivation. (002 assumes that other  elements of crop husbandv 

~ c h  as cmtrol of weeds, pests and diseases are adju&ed as necessary 

G Wise the full potential of the variety in use). 

21. The production possibilities am l i k e l y  to be lower than 0Q2 if 

th 'idealt moisture regimes is not achieved, The poss ib i l i t ies  under 

l~a-than-ideal water control is denoted by 003 (Obviously there are,  

in principle, an i n f i n i t e  number of positions between rainfed and 

'idealt water control  conditioae) , The aehi evement of ' ideal water 

tmm1 essent i d l y  depends on how tsucceasful the system i s  in regulating 

the timing and quantum of i m i ~ a t i o a  supplies, as w e l l  as Grainage, so 

tbat the relevant soil profile f s kept at or near field cagacity in 

a d a g e s  cf the crop. for t h i s  there are both physical and institutia4dl 

prepuis i tes  : Amone the former are the desien of the distribution network 

which effectively mashes a l l  the fields and permits regulation of the flow 

rfwater to d i f f e f en t  fields; an adequate drainage network; and careful 

pdirig and levelling of tf ielde (or alternatively, facilities Like 

sprinklers and dr ip  i r r iga t ion) .  A t  - the inst i tut ional  level it is necessary 

tbhave a set of rules and procedures for the -per maintenance of the 

ly&em; de tedning  and enforcing a schedule of distribution h the Light 

If seasonal conditions; and for resolving the conflicts among users in 

relation to both maintenance and water allocation. 



22, The y ie ld  nutrimt relcLLons ;:resented in P f m c  2 give z 

s ty l i sed  picture o f  1:roiluction ;ossibilitics fr;r a particular cro:, 

variety urrder at varying levoLs uf fcrtiliscr ucc, under djffcmnt soil- 

mcisbwe re i m e ~ ,  We can also look ar prcductiun ;oasibflities in E yield - so1 rno~sture relation at a given level of 
terms of - /f ertiliser ap~l ica t icn .  In f ime 3 each cumrc sortrays t h e  

effect of: variatims In r.oil mrjistum, on y i e l d ,  mkec;ing. t h e  level cf 

fertilisers conatant. Take OA ill f u r  instance. It implies that i f  

total moisture wai lable  to t h e  p l a n t  is less than A the  q o p  w i l l  not 

maturity. Beyond that point as mqisture supply increases yield w i l l  

also increase but a declining rcte till it reaches a maximum. Further 

increases in moistwe may af ter  a while depress y ie ld ,  The mcistwe-yield 

curve t r i l l  shift upward .as the  level of nut r ien t  is increased; but again 

beyond somt level of applicatiun,which depends Gn tho crop and its ~ene t i c  

putential, increase in nutrients wu3 not make any difference to yield, 

OA D Fcpresents has m a x i m u m  yfo ld  poten t ia l  of the crop. 
P 

0 A B C 

Soil-moisture 

Fig. 3 : Yield ~esp~nse cumres at di f  f ermt levels of f.erht ilisation. 



23, "Moisture Supplyn in f igure  3 refers to t o t a l  supply of moisture 

during the gmwing period from rainfall  and i r r i ga t ion  . Clea r ly ,  

the effect of irrigation cn y i e l d  depends on how much moisture is availa- 

hlt from rainfal l .  The higher the r a in fa l l  relative to the crop-water 

need, the lower is l i k e l y  to be the  effect o f  i r r i g a t i o n  When rainfall  

W ~ l i e s  00 of soil moisture , +be marginal product of i r r iga t ion  at 

t* maximum yield DIE/BIB which is lower than DIF/CIF corresponding tu 

38itwtion when r a i n f a l l  contributes OC. The intrcduction of a more 

Wtiliser-responsive s t ra in :  of the same crop, would s h i f t  the OADi 
denoted by OAD , 

upward, - hhich impl$os tha t  thc incremental output per unit of water 

for any level between A and D is higher than with the old variety. 

Finally it is relevant to note that in figure 3 water input denotes 

the qua~tum of soil moisture supplied by i r r i ga t ion  which is different  

h the tcltal wa-ter sup2lied by i r r i g a t i o n ,  the former being invariably 

l m ~ e ~ .  Out of the to-tal water tapped at t h e  source of irrigation, 

kafdes sheer waste, a p a r t  is lost in the process of conveying water 
another part 

t e  the f i e l d  and/on - the field i tself.  The percentage lusses on these 

wmtmts, which is a measure of the technical efficiency of an i r r i ga t ion  

syrtem, depends on a variety of factors some of which ( e . g .  the distance 

wtr which water has to t r ave l )  depends on the size of the i r r i g a t i o n  

qstem; athem(1ike t he  technical specification of the distribution net 

werk, the lay-out cf t h e  fields and the extent to which they are graded and 

layelled )on pro  j ect design;  and y e t  others on the quality of maintenance 

5/ and techniques of water application- A l l  this underlines the need to 

view .water control in a bmader perspective: The effect of i r r i g a t i o n  

is not entirely a function of how will a system is designed and managed, 

wartant as these are, they are pourerfully amditioned by the larger 



materid and sr,ci& ccntaxt. Tn or.cTcr t c :  a~~rociato these i n t e r  

relations we w i l l  consider first the factsrs which sb?c the character 

of water contrcl, systems and then ~roceed to a discussion af t h e i r  

operation. 

3 .  CONSTRUCTION OF WATER CONTROL WORKS 

24, The constructicjn c;f water ccntrul works covers several distinct 

phases from c o n t r u l l i n ~  and harnessing a water source, through the 

laying of the distribwticnldrainage n e t w ~ r k  reaching down tc the farm 

l eve l ,  to preparation o f  land for efficient irrigation. The i n s t i t u t i d  

aspects conc~rn -the location of the res2onsibility f o r  planning, design 

and const~uction cf the  facilities in each phase, for mobilising the 

necessary resources and resolving ccn f l i c t s  which mise in the ~mcess, 

Of particular interest in ti.~.s cnnnection is the  relative roles ;of the 

,State, lvcnl institutims and privzte e f h r t  in each of these activitibs 

and the factcrs which determine the particular mix of roLm in djff-t 

si tuat ions.  

Variations i n  Oraanisation 

25 ,  There are marked differences between countries and mgions htb 

manner in which cocs t ruc t i~n  of water c o n t r ~ l  systems i~ organised. b 

contcmporery t i m e s  tht: Stzte everywhere p h y s  a prominent rcle in plr- 

nning, regulating and assisting the  develcpnent of irrigation, flood 

con tml  and drainage projects. The extent of its direct involvement 

in the process however, varies. In ~ndia ,L' for instance, the n a t i d  

and the state povermnents bear, a much greater direct  respmsibility 



thanmost o the r  countries in Asia (including China): fn the case of 

d a c e  h i g a t i o n  works, it is the government agencies which do the 

-tory surveys, design pmjects and undertake the actual construe-iion. 

Till some two decades back the government undertook t h e  responsibility 

for constructing the main reservoir, the main and branch canals and 

Ustributaries upto a certain level (usually outlets covering about 40 ha 

rrwr);the farmers were expected to construct field channels beyond 

this level, and also make the  land improvements necessary for irrigation. 

her, since then there is a clear trend towards the government assuming 

nrpoosibility for these works as well. For this purpose a new ins t i -  

tutional amangemat, in the form of Cornand h e a  Development Authorities, 

separate from t h e  departments responsible for the construction of the main 

facilities, has also been devised. The cost of a l l  .these progrmes is 

financd in i t ia l ly  from the budtet and to some extent through financial 

hstitutions, The department:: concerned procure the necessasy materials 

ad sometimes do the construction with t h e i r  own staff and labour speci- 

fbcally.hired for the purpose. The more common practice, however, is 

to entrust the construction (hcluding the task of r e c d t i n g  the 

wcassary labour and supervising it) to contractors selected by a 

ntmderingtm procedure. The farmers do not contribute any money or labour 

at the time of construction. The cost of works is supposed to be recovered 

frtlatha benefichpies in easy instalments o w  a period of several years 

in the fom of 'betterment Iwiestb But little is ac tua l ly  collected 

lothat in effect the beneficiaries hardly contribute anything to t he  

re& of developing water control  facil it ies , 

26. In the  case of groundwater, the states role im more l imited: 

hart from organising surveys of groundwater poten t ia l ,  providing 



technicd d v i c c  and ccnc ?rill ?-:A; cquipmant , and laying electriciQ 

transmission l inos  , its invdvmcmt in a c t ~ , ~ l  construction is confined 

to the relatively large-sized tubwells  in North Iridia, The great bulk 

of 'the work of d igg ing /d r i l l ing ,  construction of channels, land l e v e l l a  

and installatLon ~f pumps is done by the farmers thhselves, t y p i c a l l y  

an individual basis. Howe-rer, the  government is the principal .  source cf 

finance, which is.,given directly (both as loans and as p a n t s )  and in- 

in the forms 6f .loans through financial institutians. This assistance 

is usually adequate to  cove^ most of t h e  i n i t i a l  costs and the  toms are 

relatively soft. 

27. Compared t o  India, t h e  higher levels of govermmont in China and 

on Japan pley a much more l i m i t e e c l  ??ole in practically every phase and 

t h e  users and t h e i r  crganisations bear a correspondingly larger respon- 

II sibility both for construc~icn and for mobilising the necessary resources.- 

Thus in China 

"The planning, design, a constmction and operation of 
' .specific projects takes place at four d i?jreren t levels 
depending GTI the ~ize of the  project. The gen-1 p r b -  
cipal is that the  respcnsibility fclr a project which 
affects two or more units  is taken up by the u n i t  of 
t h e  next higher mnk. A c o m l l a r y  is that each unit 
which benefits from a project contributes labour and 
investmeqt In proportion tz, its sham of t h e  benefit. 
Thus the central government, through the project bureaus 
of t h e  Ministry of Watcr Con?ervancy, takes the rosponsi- 
..bility for majcr dams and power statian pmjects a d  
labour to "supplement statc  investment Emds is cc,ntri- 
.bu.ted by a11 provinces that will bencfit , Provincial  
govcments are respnsible  for iwigat ion  projects 
which affect more than one country or municipa.ity, 
Country (or municipal) govmmcnts usually undertake the 
divmsions m reservoirs which affect more than one 
commune,,. A t  the local l eve l  commun&~or production 
brigade units plan, construct and operate numerous 
projects of' ax1 types,: (Greer, 1979': 136-7).  



28. As a matter of fact a high proportion of the water conaemrancy 

development work's in China consists of projects of the last category. 

bvmiment policy has consistently emphasised the importance o f  the 

peoplet$ mmmea and thelr constituent units exploiting the possibi- 

lities of such development on the basis of their own initiative and 

affort. These local mrks indude projects tc harness water sources 

within the boundaries of the comnmelbrigade as well as the constmetion 

of di&rkbution/drainage networks and land impllwement necessary to 

make effective use of opportunities opened by larger projects undertaken 

by higher levels of government . 

29, Even mure striking are the differences in the method of resource 

mbilisation. In China, unlike India, the beneficiaries are expected 

to ccinstribute a large share of the project costs at the time of 

construction i tself.  Thus the cost of projects undertaken by communes/ 

brigndes/production teams are to be met wholly out of their own resomes .  

Shce labour is the main resource needed for constru&ion of these works 

and accounts for the bulk of the costs ,  the  mobilisation of resources 

takes principally the form of labour contrMions by members of the 

beneficiary units. The ccmmunes are also expected to mbllise labom 

contribtrtions fm projects undertaken by the pmvincial/national govern- 

m t  which benefit their areas. Duri~g the Big Leap period a u ~ h  contri- 

butions were sought and obtained even for projects which d5d not d h t l y  

or inmediately benefit them. Despite controversies over the &sf s 

of bbur contributions and concern! over the problems of effective 

wganisation of a highly variable labour force, the principle o f  bene- 

ficiaries contributing directly to construction has been naaint&ed. 

And though labow contributions are now limited to units which d h c t l y  



benofit from a pmject, the mcpitude of these contributions is very 

lmge amounting in sofie cases .to as much as 80% of the to ta l  project costs 

(Vemeer, 1977: 260-1). It is relevant to note that the practice of 

mobilising labour fo r  both local and n a t i o n a l  projects of water control 

(and for public works generally) has  a long tradition in Chinese history, 

30. In past-whr tJaP&' the planning and construction of water 

control works, most of which are for the expansion. and modemisatim 

of pre-existing systems, io the responsibili?y of the Land Improvement. 

Districts (LID). These LIPS of which there are i3,000 at present,  are' 

conot ituted under a special leglslat ion specifically meant to improve 

water control  by constructing new storages to augment the water supply, 

pat5otiaTising the layout of imka t ion  and drainage canals and reorganishg 

the physical layout of plots to p e m i t  more effective wa-ter control a t  

the f i e l d  level and also facilitate mechanisation, The LIDS ape asso- 

ciations of farrncrs in ~ h c :  scrvicc area of water contyol systems (usudLly 

s stems 
formed out of users organisations of l u e d b u i l t  - in the p a s t )  and 

managed by electcd rcprasentatives of its members. 

31. The prefectural and the  national governments undertake desi& 

and construction ~nly of barrages (or storages) an6 .cznals which serve 

more than one LID. In all other cases the government ~ m v i d e s  technical 

advice (in matters of engineering and d e s i p  ) and f inancjal assistance 

(half the cost is borne-by the nat ional  government, one-fourth by the  

prefecture and liberal loan facilities t o  cover the balance). While 

all this gives the government considemble influence over t h e  general 

conception an2 design of the projects, the fo& responsibility fcr 

decisions an all these matters as well as the awarding of cantHcts 

rests w i t h  the LID management. 



Historical mtccod ents 

32, To some extent these variztirms are a. reflectim of diffe~encar.: 

in. the histor ical  e v ~ l u t f  on u f the g ~ v e m e n t  ' s role in relation t : 

Water resource developent. In India, fmm what Littlc wc knaw alxu.; 

irrigation hist cry of the prc-British it would seem, that cer si-- 

d M e  development of local irrigation works had taken placc, es;:ecic l l y  

goUth I n d h ,  under essentially local leadership even the 2m.k Z: .. : 

d a i f i e d  states of any significant size, {lrtdden, 19732. S i c ~ i L n ~  

dtvelqmnts may b e  taken place in nmth India as well, but the str-te 

oeeas to  have r;layed 3 more direct: and pmminmt mle in develfipinc- st .x:  

of the larger brigation systems like, fcr example, the Jmma 2x2 ;:h..: 

Gap canals an2 the elabo~ate system of flocd imigztion in Bcrr1.-.X 

(8$~pi8 1923, Habib, 3962 ). 
39. During the early phases af British male, the ~ o v e m m t  did niit 

take rmch interest in irrigation development, Xn south Xdh, fm instzsrca , 

after the British take-elver, the  p v e m e n t  assumed ~~tspr;lnsibSlity 

fm reh3bilitating tanks which had been d m &  by w a ~  and n~,glect  a; -<dl. 

at for meir subsequent upkeop.y In the first half of the 19th crrri-~ury, 

the State spent substantial sum an rcconstrmcting old systm8 of surf:,s- 

imigat ion, some of them very large by even modern st a n d d s  . New 7 rr - .c. : a 

 we then taken up as commercial ventures. Dut since they were no-c 1.r~ . 3 .  -.  

table, p v e s s  W.?.S slow till the end bf the 19th centuPy, ThezetlfTt-r 

pblic iirrigat i cn  construction increased rapir'!y possibly as a zw$;c?r. -x? 

t~ recurrent famines and partly fop stmTegic emsieorations 2 Almr:si 

a t h e  nev pm~jects were fm surface irrieation; not only mcre t h q  

we in terms cf cc.st and are3 co-C, but niany of thm SnPoLw*Z cculwructicn 

d ntmvoirs of a size altogother new to the subcontinent. $ a l l  



accou: t-s , thcrc was nc a t t c n ~  tc cxtrzct contril qutions whether in 

money or labour, Frm t h e  ~boten t ia l  Seneficiaries cr t~ invulve them 

in any way in t h e  conception or irnp1ementatio.1 cf thc projects. The 

post-ineepcndence poriocl witnesses a a s s i v e  e q a n s i c m  in the scale of 

development in a11 types UP i m i g i t t i c m  and flosd control projects; but 

the ccjmpositicn has  s h i f t e d  rn2r:ceLLy in favour cf ground water. Thcugh 

groundwater 3evelupmn-t is largely in the privzltc sector, it depends 

t h 
heavily on technical  and f i nanc i a l  support fromfitata. Surface irrigatiw. - 
works continue to he duminntcd by large storage wgrks. 

34. Dcth in China and Jayan, by contrast, have had a long and sustahd 

tradition of, water conservancy deve1cly)mun.t through local effor t ,  and of 

requiring beneficiaries to contribute L a b w  and materials for constmrcth 

even when the  govezqnment undertook proj ecto .  In Chint huge projects t o  

ccntrol flee-!s .?f thi .  Y . 7 l l . n ~  znt? the Hwai rivers, and to divert river 

flcwc to irrigate extensive i ,*eas, were taken u- as fair back as 500 N 

or even earlier, and the practice of using corvee labour established 

then has c ~ n t i n u e d  througs out sSsequent centuries. The role of 1sucU 

undertakings in shaping Chinese h i s t o r y  and t h e i r  significance for the 

nature and organisation of government in Chint has attracted much atts- 

t i o n .  (Chi,  1936; Wittfogel, 1957~;~' The f?ct lctmnioi however that 

these l a r~e  i2rojects account for but a fraction of the tcital effort which 

has gone in to  The develcpment of wzter conservancy and in particular 

i r r i g2 t i on .  N G ~  ~ n l y  was there a great deal of ccnstruction (small* 

dykes,  distribution networks land davelcprnent) at the local level 

essential before t h e  benefits cf the largq projects could be realised, 

but a good part  of i r r iga t ion  was i n  any case derived from essentially 

local works, which seem to h g e  been conceived, planned and c o n s m t d  

by, or under t h e  leadership of, local Jafidlords, cfan leaders, andthp 



Gentry wing local resourced Crncstly labour) wi th  occasional help and 

mrt from the  government a ~ d  from merchants. Even in the case of 

h g e  projects mobflisation of corvee l d m u r ,  which cn occasion could 

reach staggering dimensions , was wiclely used in project construction 

by hoth provincial and national governments>' Despite the far reaching 

changes in other  aspects of ec~nomic,  p o l i t f c a l  and administrative orga- 

dsation of Chinese society after t h e  Revoluticn, one can thus see a 

c-in continuity in regard to t h e  organisation and financing of water 

conservancy eonstrmct ion. 

35, The Japanese experience shows an unmistakable trend tcwards 

w i n g  government involvement not so much in construct ion, but in &ding 

md financing water control devdopment. (Tamaki 1977, Hatate 1978). 

Historically e a ~ l y  develcpment of i r r i g a t i u n  consisted, almost exclusively, 

ef d l  localised developments organised by feudal chieftains and lzrge 

h d  (owners with the hc.12 of local labour,  As the l i m i t s  to such works 

ware reached and/or significant improvements in techiques of water 

mtrol became available, larger  projects r s q u i r i n ~  support of znd inter- 

mion from supra- local polit ical  authority were taken up. This was 

metimes the  result of pressures from below but often they also reflected 

the effort of ambitious local rulers to enlarge their revenuessnd extend 

the domain of t h e i r  power. Regional and national governments t o o k  a 

m i c u l a r l y  active part in water conservancy during the 17th and 18th 

clsturjes and financed part of the costs, but the local par t i c ipa t ion  

clatinued to be very important. Even during the 19th century when the 

rele of nat icnal  government increased significantly, the  government 

mexaally i n s i s t e d  that the beneficiaries bear the bulk of the costs 

~ f n e w  projects. It'was only fn the 1 9 2 0 s t h a t  the government, under 

pleas- of growing' food shoFtages,$ilbstantially liberalised the scale 



and tcrmn :,i iss is~anc;:  f: x i i tc r  c::ntriA pojocts .g For a variety 

of reasons t h e  process has been carried cJnsiderably f u r t h e r  in t he  pat- 

war perics. 3ut a hi:;h dcgre~: of uscr involvement in and ccntml of 

the developmental activities has l ecn  maintained, 

Scale an!! comulcxitv c i f  Proiects 

36, Tc rl cr>nsidcrable extent, t h e  difference in the ro le  of t h e  

government reflects difference in the scale 2nd ccmplexity of t he  works 

involved. This  is of course the central po in t  of the Wittfugel thesis 

on the role of t h e  State i n  hydraulic society. The argument sim;ly is 

that large scale, technically complex water cont ro l  wclrks ca l l  fcr 

nobi l isot  ich of resburces and organisat ional  capacity on a scale far 

beyond the c a ~ a b i l i t y  of l ~ c a l  communities or private enterprises and 

can cnly h::ncl'lcc! !.y +he government, This i m p l i e s  that where pmjeds 

of .-arge size andlor comlj1i::ity f igwe more prominently in rhi: mix of 

water conservancy nmks, one may expect to find the State ~1ayin .g  a wm 

prominent rcjle in The planning m d  construction of  these works. Such 

an associati~n in fact seems to exist in the three countries jus t  discuss 

37. Thus in Ind iz  about two thirds of the total  irrigat~d area is 

estimated to 5e under surfwe warer i r r igat ion the p e a t  bulk of it fm 

91 canals as d i s t i n c t  from tank* and other smll, Local sources. The 

canal systems ,consisting of both dive~sian works zn6 storage bzse2 

projects, itre typically Xasge by t he  standards of the rest Asia (except 

perhaps Pakistzn) . Projects i r r iga t ing  100,000 ha. or more arc comn 

and .xcount fcr about half of the are2 served by surface i r r i g z t i ~ n  

scurces; there arc as many as 10 systems serving 500,000 ha, c;r mcre ad 

thf lar~cst :  (the Bhaha-NangalY irri~ates s ~ m e  1.3 million h,?, Reser- 

voirs with a storage capacity of more than 500 million cubic n~etcrs each 



which there ar= some 50, account i'cr 80 per cent of the t o t a l  atorage 

capacity (147 b i l l i o n  c d i c  meters),  while tanks znJ s m a l l  pcinds arc 

estimated to account fir less tlian 10 Ter cent (Rao , 19793. Large scale 

candl i r r igat ion prof ects dctninated irrigation devclopent during the 

h i t i s h  r d e  ; in the a yost-Inc!e$cndence E P ~  , the a b s ~ l u t e  scale of 

activity has risan steeply cvcn t h ~ u g l l  in relztive terns their imgcHance 

bad declined as a result sf an even morn ragid e x p n s i ~ n  of ~ u n d w a t e r  

lo/ development .- 

3a, In C h i m a ,  during the mid-fiftiss (the latest pericd fo r  whicl-! t he  

rslwant information is available), surface i r r i g a t i o n  accounted fo r  ovcr 

90 per c a t  of the i rr igated area most of it (0-~er 90 per cent) consist ing 

of 'fam ponds and w e i r s '  and ' p a v i t y  systems based on small ditches 

and aqueductsv. Large v a v i t y  canals, wh-ch w~uld include the big5c.r 

river dimrsim works ( S G ~ C  3f them of <mcicnt oricin) s e m  less than 

me t en ths  cf the count:) ' s  ir,ribcrted m e a . g  This SringSgut t h e  

dominance of relatively snzll ,  cssmtirzlly local projects in Chinese 

higation system. And as mcxiticned earlier, the construction of such 

mjeCts tcgether ~ 5 t h  the imprcvemmt of existixg l oca l  systms throwh 

o c d  effort has been thc highl ight  of the post-revolution period as 

rcll. 

19, It is in the case of flood control and drainage works t h a t  the 

gmmment played and continues to play the major rcle. Many of the 

classic examples of massive public works in ancient Chinese history 

m in fact works of flood con t ro l  (especially in the Yellow and the 

h a i  river basins and .in navigation canals ( l i k e  the Grand canal) . 
hrece~t times too t h i s  has men the paTtern: besides the eonst ruct i~n 



of new emkanherrts mr?. i m p m v ~ ~ n g  ex is t in t  mea along the majw rivers, 

there has been a l m g e  ?ru{;ramme for constructibn uf resemtuirs, The 

nmber of reservcjirs with a cq3aci.t~ uf 100 m i l l i o n  chic meters ormm 

(most of which ware meant f u r  flcud cuntrul wther t h a n  i r r i g ~ t i o n )  

rose frm 10 in 1949 to 300 in thc  later sevtnties (TJickum, 19131:6). 

k:overnment necosserily hcrl to play a lenclitig rcle in the Zesil  and cm 

s t ruc t ion  of these wurks which were not only h u p  but also required 

coordinated planning of entire river basins cu t t ing  across provincial 

boundaries. That even in these pmjects a large part of the cost was 

m e t  by labour ec.ntributions fr~m the m s  benefitted by them m i r e  

a dis t inct  featux and c;nc which cannot be explained in terms of the 

scale and complexity of t h o  projects. 

40. I n  Japcn, an ic Chin?, thc bulk (75 yEr cent) of imiga ted  m a  

is served Sy river d i v e ~ s i o r ~ z  and p ~ n d s ,  Even now reservoir based.systw1 

are estimtcS to semrc barely me sixths of the irrigated a a  CFukuda, 

1976: 88) .ll/ The Ja.*enese imigation systcms are large in number and 

their averap size is quite small. If we cunsider each Land Irnpromd 

District as cne project {or system), t h e  average size cf an imigatian 

project is barely 250 ha; there :Ire hardly m y  systems serving mok 

than 20,000 ha.2 '  Flood control and d~ainage were of course essential 

for expansion of paddy c u l t i ~ q t i o n  and in some amas (like the Kmto 

plain) involved relatively large scale construction and high level of 

technique. But nowhere d i d  these wcrks  reach the scale found in Chinsh 

Much of it could be and was handled by local mlers w e l l  before the 

emergence of a u n i f i e d  n ~ t i o n a l  g ~ ~ e r m n e n t .  The relatively more 3 d m  

role of the Eoverment in .ti,c post-war period is consistem w i t h  the 

p ropame  fo r  cmst ruc t ion  c s f  new storages, . , invclving inhtegration of 



ye-exist in^ i r r i ga t i on  cc;mrr~unitics an71 L f  Ds . Eut therc: wcro also 

ather factcrs bzhine the  aomnus increase in the volume c;f f inanc is1  

assistance ~ i v m  by t hc  stztc,  

41, Given thzt the  scale cf: ,prcjects has some bearing the netwe 

md extent of s t a t e  involvement , t h e  question arises as tu what determines 

thz type cf pmjscts which are unclertzken. The nature of wztar contrul 

m d e 2  for agriculture d ~ p ~ n d s  on ape-climatic c ~ n d i t i o n s ,  while w h a t  is - 
feasible is cenditioxied by topopaphy, geological contliticns and the state 

af thcl ar ts  in hydrnulic en.&eering; and what gets actually selected from 

the fcasihle set is s function of yet  othm,esscntially aocio-economic, 

factors. 

Agm climatic factors -- 

42. Flc' IAAV~ already expl;~inc,,:l ~t srjme length (see section 2 how rainfal l  

and evapcration are the twr.  basic climatic variables which cleterrninc the 

nature of the water contrc.1 needed for efficient apjiculture. D i f f e r e n t  

csmfigurations bf thcse vmisbles  imply different problems in the attainment 

md maintenance o f  apprcpr ia t e  soil nloisture condi t inns  , CcnsZde~l f o r  

hstance the two d i f f e r en t  confi[:umtions ~twtrayed in figure 4. 

48, In A - which is a stylised picture of the climatic pattern cham- 

aristic of much of south Asia - temperatures w e  throughout much higher 

than in B - which approximates to the cliinate characteristic of much of 

east Asia. Consequently fi hss a hieher E?V~;ICI-transpiration (ET) in 

p a c t i d l y  sll seasons and ce&ainly over the year as a whole c~mpwed 

ta B. On the ether hznd the  zverage rahfal1 in A is lower and its 
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Figure 4: Climatic pat terns typical of South and East Asia 

seasonal concentration much more pronounced. The combined result of 

these difference is that the 'd rya  season in A is not only longer but. 

the moisture def ic i t  (i.e,, t he  excess of ET over effective rainfall) 

' is also larger. (See Table 13. Under these concl it ions irrigation 

needs of the dry season, being relat ively 1 a ~ ~ ; e  5.n relation to crop- 

water needs, can Le net only if the surplus water from t h e  monsoon 

season in stwled either on t h e  surface or underground f u r  use in the 

dry season. Which of these possibi l i t ies  is in fact available however 

depends on topopaphy cnd geulom, 

44. Thus in the Indc-gangetic plain, though the  general climatic 

p-attern follows the patterm A, the rivers flow- $hToqh the plains 

have unusually lzrge catchments which includes the Himalayas, The 

contribution of snow melts frm these mountains is an important factor 

in making all the major rivers in t h i s  regLon perennial. The t o p o m @  
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Source; Ifar,greavcs (1977) 

Kete : The f i r s t  r r ~ w  - i i ;~ i r is t  czch c ~ n t r e  gives Depen(lK;l.le precri.p.itstion 
at 7 5 ' ~ ~  r ;Fcb&i l i ty ,  , t he  s~ccncl row dena tc s  Pctential Evapotranspi- 
ration znd the t h i d  r s w  gives t h e  Maisture  def ic i t  , 



~f the ylains also i>ormitu i~ig:~.t ir i :1 hy d i v ~ r t i n ~  the river f l ~ w  to 

feed canal systems some of: which m e  quite largo.w Apart fmm the 

hdw valley systms of antiquity, several large canal systems based on 

m-cf- the-river hove been conotructcd in this re~iun both before 

anL] during British mle, Dut as the j+ossibilitiss of river diversion got 

151 axhausted, f u r t he r  expansion has increasingly dkpmded on stomge.- 

The geolow of the plains is exceptionally favourable for pounCwater 

storage but the intensive explgitation of t h i s  resource had to wzit the 

introduction of ener~ised pmpsets (which reduced the cost of l i f t i n g  

water) and t h ~  availability of techniques for tubewell construction (which 

1 6 1  nade it possible to tap deeper str;la of the sub-surface storage) .- 

45. In south Indizay contrwt,  the rivers are mostly seasonal; there 

are no extensive @ins along the cmrse c ': the major rivers ; and ge~loey 

is not f avouvlable for poundwnt er s twage .  I r r iga t ion  development in t h i s  

m a  wzs trz6itionalPj ! .,?socl . r: :18inlj 1~1ctl t o ~ q p a ~ h i c  variations to 

impound rainfall in small ponds for seasonal i rr igat ion which also served 

17 / ss a means of improving ~~oundwater  recharge in their camand area,- 

W i n g  r'iversion works in t h e  deltaic regions of the major rivers (the 

Krislma, the Godhavari and the Cawery and to a limited extent in the 

mailer river basins) the bulk of the im iga t ion  in south Jndin in pre- 

Independence period was frcm ponds and wells?* The development of tanks 

i dga t ion  seems to have reached a point of saturztion even before the 

Eritish came, Further signif icznt exp cnsion of storage irrigation i n  

tbis tract required the construction of large s t o w ~ s  ups-trea~ and/or 

cheaper techniques for 1 if t ing poundwater. The teclmoloa . r q u i r e d  

far storage dams d i d  not develop indigenously and became available only 

in the last century or so. Economical techniques for exploiting.ground 

water 3id not become available until much later.  



4 9y c.*:rtpznt i-I ":.I: ; hip!< ' i : i l n i - :  IT  7 % ;  ; ~ ~ ~ c t p i t a + i c n  i.6 high* 

and at any raTe better rliatpibuted relati.: to ET; the duration of 

the season when them! is a soil moisture d e f i c i t  (under caditions of 

rainf ed farnj-ng) is shorter ;  and the rnagnitu8c of the deficit relative 

to crop water. needs is s m a l l e r . 3  %infal l  being more evenly dis f i i -  

3uted mst of ?he xkivers  are perennial. h China given the enormoue 

extent of the catchent area and the fact that the rainy season in the 

upper parts of the  catchment trends to be somewhat earlier than in tbo 

lower part of the river basin (where most of the apEculture is concnrffe 

probably means smaller seasonal variations in river flow in lower reachas 

IJndm t h i s  conjmction of circumstances, it io possible for China t c  

meet the dry season moisture deyicits with the b d p  of diver& norb, 

ponds and surface water iifzs. I3oit.b in China and in Japan, despite the 

dominance of paddy, which is watep-intensive, large cmsZ imigatim 

systems, and in partic- those hsed on st~mge, a ~ e  ~ d a t i v e l y  r e d  

phenomena, 

47, Dy the same token, the relative abundance ef water in the80 

countries makes f l m d s  a more serLous problem. Effective measums k 

regulate semr-a1 Z.2oods and asvre proper drainage of excess water is 

essentizl especially in the lower reaches of river basins and the  

estursine areas, Thest w o r k s  tend to lse relatively Urge in terms& 

both size and the extant of mea benefitted compared to irrigatim pW 

ducts. The f l o d  p~o tec t ion  works of north China aredmong the 

water c o n t m l w ~ ~ k s  in the wo~Sd. 



48. The c o n s t r a i n t s  imposed by the s ta te  of hy?mu.lic engineerin!; 

and construction technology have been grwtly relaxed in modem times 

because a large accumulaticn of proven techniques is avnilsble and 

has become more ~asiiy accessible. But these constraints wore qu i t e  

important i n  e 3 ~ l i e r  timez, The level of cngirjuering ant? construction 

skills requtred f ~ r  local ponds and shallow wells i.s of an altoeether 

different order compared to w h a t  is involved in the construction of 

larger reszrvoir?~ ~ ind  extensive canals. For masons which are far 

fmm clezur, s ign i f ican t  propxeas in technolo,ly took place in some 

situations and at certain times hut iiat in others. 

49, Thus in Chinc sustainad effol?ts t o  control  her major rivers led 

t o  major advanced in techniques of flood ~ c n t r o l  occurred f a h k y  early 

and this made it poss ib le  to implement massive works even in the pre 

christ~an cra . (lleeilhaa, 1s'; 1 1 . b u ~  corresponding improvements in 

storage dam construct ion and groundwater exploitation did  not come 

about even in s i t ua t i ons  where the po-tential for such works existed 

and the l i m i t s  to development on the basis of simpler techniques 

had been reached. That the  technolow of storage based systems did  not 

develop indigengusly in Ini'.ia and did not  become available till recently 

must have been m e  ~f .the factotrs which arrested the growth of i r r igat ion 

in that c~mtry. 

50, The relevant technology of water control from the  viewpoint 

ef apicultme cf course extends for beyond w h a t  is used for harnessing 

water scurces; it compmhencis techniques for regulating conveyance of 

water and its ~fficient application to crops, dere porhapa more than 



anywhisrs else, i:Ee c a  s -r. ' I  .L .. 1;) ::-: i ;~tvrt:::nnc?cltim between, the 

physical cnS the organisat itinal as;>ects L l mter control. Efficiency 

of water management is crmcijlly 2epm:Jcnt 3n the warking of hdW. 

o2enzting the systcm and within Iimita mry cvcn make up for defects Ir 

aystm d c s i p .  >u-t: tht;  -&hysicnl l a s i p  slf t h e  system (embodied in the 

structuresm t.hroui.;h which t h e  flow of wotar  t r  d i f f o r s n t  parts of the 

system are rcgulatae; the spacific~tions, 2esi~;n and layout of the 

irri~ation-drainage chmncl, network ; tha quality ~f land preparstirn; 

mb the i m i g n t i r m  technique use4 at the Fie ld  level) set: definite 

limits wi-t:hin which the instituTions have to c p t e .  And it is d m  

relevant to note thaT ncrtims of kfficient* w a t e r  use a m  themdm 

conditioned %~y the s t a t e  a5 knowle,'~e ragalding water y i e l d  pespnse8 

again has been constantly c h a n ~ ; i n ~ .  There is a striking diffimnce 

in this respect also between east find south Asia. Most of the Japansrsr 

and Taiwanese systems, and some a t  loast of the Chinese have ken 

Hrnodemisedvs and achieved a &eve3 of' soghioticntion in the design ef 

distribution netwo~ks and cmtml ~ L V ~ C G S  -6 well T-s t h e  m a n a m  

of water deliveries which stan& in marked contrast to South A s h  

systems. 

Economic and Social factcrs  

51. Whether 2nd t o  what extent technical ly  feasible opportunities 

for  water ccntrol are explnited, and hcw sophisticated to systems me, 

o f  course depend on sccin~mic consideratirjns , i . e ,  , by the magiitdm 

of potent5al bmef T t s  from these work relative t~ the costs' of dm- 

h p i q  them and by the returns to 3l tmat ive  use cf available maw: 

The wmomic calculatiun may no* alwap be -$licit; in fact thew & 

little evidence ef such cjlcula%lon behine much of water consv~lcg 



 dent =f the ~ccia.? and poli t ical  con+::xt. Neve~heless there 

rmot have  bee^, s a n e  economic rnntionale uiders-tmd i r l  a broad sense 

rvn  if it is only i m p l i c i t  :Si For instance t h e  intensification of 

apiculture t hx~oui.ti !.m?.;.~ati cLn rather  than extcnsicn of rainfed farming 

~ b a b l y  reflects the d;rindline scope f o r  (cr, eqiivalently, r is ing 

casts of? extending t he  area under cultivrltion and/cr the  p o s s i b i l i i y  , 

ulder the prcvai l i r q :  31';rn(, * l i m e t  ic and t achnolagical condit ions,  of 

rwlising 3 larcer vclme of to::al. production wi th  given resowces under 

irrigated farming. It is also economically rat ional  that impovem~nts in 

the technolow of w s t e r  conrrol ( e .  g. , energised pumpings tube w e l l s  ) 

which reduce t h e  cost of water, and innovztions in cu l t iva t ion  (like. the 

i~tmduction of new crcp specres and varieties, or ~f newer and cheaper 

muwe of plant m:.rients 1 whic3 increase ,_fie pc ten t i a l  returns to 

h iga ted  agriculture s h o ~ ~ l ~ ?  s t imula te  1arh;er investments i n  water control. 

52. The econgmic calculction is relatively straightforward when t h e  

iwestmenta .znc, *l-r'~=1-t.-ten by ;m individual 1antiowr.e~ fcr his  own benefit, 

But when t h e  investment is made for the collective benefit of several 

individuals, t he  caLculus is affected by t h e  way the necessary resources 

m mabilised; the basic on which costs and benefits of such investments 

m apportioned among the beneficiaries; and on the way the system is 

expected t o  be r.~anaged (ecpec~ally i n  the matter of w a t e r  a l locat ion) .  

3 These problems zrise even in s i tua t ions  where private property 

h h d  dces not exist 2nd where t h e  use cf land  md other p~oduc-tive 

n w e s  as wcll as The d i s t r i b u t i o n  of t h e i r  product are decided 

cmunally. The expcriance of t he  Chinese communes, which come closest 

b this type in modem times, suggests that ag~emmts  over the disTri-  



5ution of pcduce cncl t5r: 2asj s C.E which .rncmbem a m  to contrribute 

labur for capital fcmation arc not  easy to rcach and their  enfcrcwert 

is not without di f f i cu l t i e s ,  (Ancn 1950 ; Nickum 1981: Cpcok $ 

Crook 2 962). The. difficulties me greater in the mope common s i t ~ t l a  

chsracterised by private ownership of Inn? a ~ d  unequal diatributlm cf 

th8t resoume resultine in an uneven distribution of output znd a mil- 

tively high depee of concentration of psuqius' in the hands cjf l a q a  

l a d  owners. fit one extreme, when the bulk of lmd is owned ?.nd &ti- 

vated.by a small coup, it is the interest of this gmup which is 

decisive in determinine whether or not water con tml  investment w i l l  

be carried cu-t and on w h a t  scale. In some situations the land Gwners 

had at: their c m a n d  'serfsi whose lahow they cod13 use for c o n s w g  

h i g a t i o n  W O F ~ S ,  or land impmvment-. But t h i s  is not a necesaq 

cond2tia.  

54, The t yp i ca l  sjtunticn ;s m e  in which con;ml over land i s n o t  

so absolute and cwners do not  cultivate 27.1 t h e i r  lands direct ly .  When 

ownership of land is widely distributed andfor when a substantid part 

of land  is c d t l v a t e d  by tenants, ageeernent over whether to invest in 

water ccntm2 and how much is tc be contrfiwed by various kneficiages 

n u t  necessarily caEron4 the questi~n of how the benef i ts  will be 

buted. The decision could in pr5nciple be made by a cansensu~ amcng 

all the parties hvolvd  but t h i s  seems rare. In any event it is the 

configuration of intorest  and power in t h e  cummunity which w i l l  detemimc 

whether and what kind o f  'enfo~ce&le' compromise is feasible in a giva  

situatim. 



55. The task bcconcs rcre I'.i§5icult whcn the scope of water control 

wrks extefids beyond individual conmunit i t * . ;  and when villages lose their 

isrlatbn ahd become more and more integrated wl. th  the economy and 

plity of larger t e r r i t o r i a l  complexes. The former means that 

d i n a t i o n  and resource mobLlisation have n~cessarily -to be managed 

by a supre-village authority,  The l a t t e r  has the effect of loosening 

Phc comrection between mobilisation of ' surp iushad  its use f w  water 

catrol, making the cvnr~ection less and less direct, The extent arid 

mmr of mobilisatf on as well as its disposit ion is increasingly 

influenced by t he  configuratiuns of interests and power over, a much wider 

area and further away from the village. 

55. Historically investments in water contml =re promoted or 

wbrtaken by supra vil lage authorities, eager tc extend the ir  command 

om t e m i t ~ r y ,  rkscjwlces (by way cf rent and taxztian) and hence, power. 

In ac ie cases, l i k e  China, t l  ~ . s e  au*horit i e s  i ~ a  the pGwer to enforce 

d u s a t i o n  of ccovee labour and the cap;.-city to organise than for  the 

chutmction of large scale works . But o f t ~ n  they also offered encourage- 

mta (by way of concessional t a x a t i ~ n  for instance) ta merchants and 

lollga landowners (or their retainers) to invest in amicultulre ( including 

t h t ~ ~ t i o n  of water cont~-01 works). Examples of th is  can be fcmd 

in practically a l l  countries (see fo r  example, Kelly, f 980 ; Ludden , 
1518; Takaya, 1975 ). 

57. Interestingly, however, there m e  aiao several instances of 

rrluctance on -the p a r t  of these mitors to use t h e i r  resources (collected 

llrtly through mnt and taxes) for water control works: Thus, in the 

hlrs river system (the subject of Kelly's study], the  domain rulers 



were remarkably ra luc tcnr  -LL commit any T C S i  UY'CGS u f  the i r  own fop :':.is 

p q 6 s @  even when it could have hclpecl tcl ri-duce conflicts and makt .:.-. 

existing system more effcc-tivo, Thr:y pprsf crwt! 'tv Let the  lcczl Ic;r l: 

and merchants cio much of the invc;strncnt an? even encowlaged them L 

mis Way the rders wore able tc use their resources fm pwposes -:hick. 

were mure important in t h e i r  priorities, Similarly, in south Asin ti,.:! 

a laree prcpclrtion ~f farm output was cppropriateE as rent by the 

mr! tlo 1 m c 1  revcnue by t he  Stat0 , inve~tment in water c u n t ~ ~ l  WDB li.hit 

Evidently cmstmpticn of the rulers, tribute tc. higher puwers,rlefmcr: 

and. o t h e r  usm c ( - n m ~ ~ l l l i , d  a h i ~ h e r  p r i o r i t y  ir decldinf; the dispositibn u 

t h i s  ' ' s ~ r p l u s ' ~ ~  1)Uring thc British rule it was o d y  in the later l 9 t h  

century when a S U C C B S S ~ C ~  u f  famines ant1 c:ln.arn fo r  securin;: the str:te 

gicolly h:wtant meas in ncrth west .In& dtexr?.d the pribrities th.t 

simif i c m t  new investmcn-ts in i r r i g t l t i c , n  b~,;an t o  take place. 

58. T ~ E  nzture of the land revenue systcm, land tenures, the wasit' 

and interests ~5 the ruling grcju;Js, 2nd t h e  extent to which a p i b u ~ t u r i s ~  

could makc their  interests felt a a l l  clearly impsrtant factors h 

r!etcmining hnw much surpfus was extmcte~l, by whom and fo r  what p q ,  s?ns 

it wczs usedo Thme are also interesting questions (raised by W3tt:fcyel 

others) as to the extent to which water cuntrcjl itself affected the T : ~  

of poliTiczl zuthority an6 whethm the choice cf pmjects in any  it*^ 

situcct ion was dict atec! whslly by techno-economic ~ m ~ ~ i d e p l z t i ~ m  and t h  

it was inf 1ucmc.ed by t h e  interest c.f t h e  ru l i ng  gr:,ups in extend& :he 

pQwer hy cmtro l l ing  a critical resowcc l i k e  w a t e ~ .  These T'.SSWS: LV 

cvnair!ersble h i s t ~ r i c ~ ~ l  intcro~t but need n c ~ t  cr,,ncem us here. In bg 

case in ccnteqorary times the r o l ~  of $;i:vermment in ~;mr;tir~t: ' J b v c k ~ :  

has become important overywhoru (and ; tomi~~.n t  in s,me) and the nac~,scl* 



fcr large  .scale p u b l i c  investment in water cmservancy is widely accepted. 

59. 'while t he  ru le  of governments has hecomc im?ortant, signific~:nt 

differences p e r s i s t  in t h e  ra la t ive  ro les  of g~vemment  in mcbi l i s inc  

resources and channelling t h e i r  us,:. In t he  Chinese system the resFon- 

s ib i l i ty  f u r  c a n s t r u c t i n ~  water control t r r~ rks  anti fsr mobil is ing t he  

necessary resnurcez fcr t h e  purpose is more widely dif fused ~mang di f ferent  

levels of Ecvcrnmcnt and t he  po-tential  bmcficiarics; t h e m  is z l s o  

greater congruence in t he  locat ion of these functicns especially at t he  

Comune level and below. It is noteworthy that i n  some essential respects 

the cument ~ L ~ ~ C T ~ C - S  ?IF 3 r . nn t i n , i a t i~n  cf a l m g  t r a d i t i o n .  This is 

~bviously scj in respect of t he  form, and puss ib ly  t h e  scale, on which 

local resources are rnobilised. Its enforcement continues to depend on 

a strong centre of p c l i t i c a l  pcwer at t he  local  l eve l  - a role which us:& 

t o  be plzyed by landlords/~entry/bwt3auc1 :cy is now played by t he  party 

cadres, There is however a major difference i n  t h e  :!istribution of costs 

relative tu benefi-cs anon,, t ! ? ~  :~~nc; r ' i c i - , rb ies  and this change is directly 

related to t he  change in t h e  ccntrol  over land and t h e  distribution of its 

produce. In Japan tco there was a long t r a d i t i o n  of local  construction 

a ~ d  despite a big rise in t he  extent of nat ional  government involvement 

the tradition of autonomous - ,orgdsa- t  ions managed by users continues 

te be strong,. 

60. In Ind ia ,  as already n o t e d , l o c a l i n s t i t u t i o n s p l a y  a far less 

hpolYtant role i n  water conservancy development. Even in regions (like 

south India) where they had, t h e  advent of B r i t i s h  rule invariably 

weakened them and increased t he  role uf t h e  government bureaucracy. 

Such l b i t e d  investments as were ,made in imiga t ion  wcjrka was mostly 

p~een?ted fo r  relatively large projects  in meas which were s t ra teg i -  

22 /  c d l y  imporYtant c,r were liable to S&- While t c d m i c d  -ccmpulsrons 



nc doubt dictate? a Larger rcle for government, t hc re  w a s  much that 

local effort ctuld $3, But t he  trcnd towards werlkenin~ of local institu- 

tions was if ,anything intensified i n  the post independence period. 

61. At ;:resent the fnrmers/villagt: i n s t i t u t i ons  play hardly any role  

e i t he r  in plannini; , resource mobilisation or  construction .-- 22a- All these 

functions are hi~hly centralised in the  hands of t he  s ta te  and the n a t i o d  

governments. One consequence of t h i s  has to s h i f t  the responsibility for 

solving conf l ic t s  between farmers and t he  rest of the community as wel l  

as between farmers from different  regions t o  higher levels of government, 

Since the route to power is through the electma1 process and since famn 

are numericaUy ane of the largest segments of the electorate, the govern- 

ment has been remarkably re luc tan t  to make the f m e r s  contribute to t h e  

cost of water control development and enforce collection of such contri- 

butions (in the form of betzemnent levies) which are p a r t  o f  declared 

policy. Indeed t h e  trend towards a general reduction in the burden of 

taxation on farmers,which had se t  in even during the B r i t i s h  period,has 

been great ly  i n t e n s i f i e d  sznce Independence. The fanners as a class have 

been able to exert  pressure and succeeded in winning a variety of conce- 

ssions relative to t h e  r a t  of the economy. 

62, On t h e  other  hand the demand for extension of irrigation facilities 

has been consis tent ly  meater than could be m e t  by the resources available 

to the pvernment anc? t h i s  despite large increases in the allocation for 

water control p r o j e c t s -  Fcr  t he  ruling party,  public spending is also a 

means of providing patronage to consti tuents thereby securing or enlargiq 

their power base. Consequently thcre has been a tendency to 'spreadf 

t he  patronage as widely as possible by allowing projects to be launched 

without sufficient preparatory investigation and appraieal; by spreading 



available resources ovcr a large number of ymjects at the  risk of 

d e l ~ y i n ~  thc  c~n~la t i c , r ;  ,f ,I: L, :.n:'! Ijj+ r:vccmbin.g to yressures fcr 

extending the calla1 c e t w o ~ k  in i)~,- ' t  icilar. >ro j oct  s far beyund t h ~  

level which can he sawed w i t h  t?:o availallc water supply in each.. 

Tbt constructicrn contracts arc lucrative source of pol i t ica l  f ~ 2 ~  

hs undoubteflly cxn$ributed tl:, l~~: . s i t .y  i n  matter r j f  c c s t  c~:.fit~~>l.. 

63. While t he  above fzctors p l~ i ce  t he  Indian fanner at a r ~ l a t i v ~  

advantage in terms cf getting t h e  government tc bear n relatively nigh 

proportion of the cost of water resource development, they cannot: 

eqlain  why c d  l.ect. ive effort by k n e f  ic iaries to expand and imprcve 

essentially l ~ c a l  resources of w a t k r  has heen so l i m i t e d  in relaxion 

t o  the upsortunities. O->pustunities in this categ~ry include mcdernisa- 

ti~n and improvement of exi~.L..ing tanks b: expansiun and in tegrat ion cf 

existing lacal systems; construction of field level distribution channels; 

and l a d  ~ ~ n s o l i d a t i o n  and improvme~t.  S G Q ~  of' these augment: water 

suy;p;ly, others can reduce 11, ,ses in cccveyance and application thereby 

facilitating mhre effective use of water, In all these cases intlividml 

farmers can go only a l imited way ; but combined action by muss of bene- 

ficiaries could be m c r e  productive f o r  everyone. 

64, That such ac t ion  has not t&cn place. mare widely than it has cannct 

be due to difficulties of f ind ing  resources because the government- has - providing liberal assistance by way of subsidies and LGW i n t e r e s t  

loans. It could be that: tho potent ia l  returns of such investments arc 

not a a t t r c t t i e  enuwh; but this soos aga2nst tho weight of expert o p i n i o ~ .  

While recognising thst 'expert' opinicn m y  not always be correct, it 

seems ame probable that the  real difficulty lies in t h e  a l locat ion of 

costs relative to the d i s t r i b u t b n  uf expected bulefits ammg the potential  

benef ic iar ies  . 



6 5 .  Thc X f f i c u l t y  ariscs , x r t l y  hcausc; t h e  total pctcntial bene- 

2 3/ fits tc t h e  col lect  ave Inves7:ment are uncertain ,- Even greater mcerth 

attaches ts thc tan efit s which 3r.y particular Lranaf i c i aq  can l-i~pe t a  

abtain with re?sc;nakly nssurance kcausc it is ccntingent GU the manner 

in ~ h i c h  GnF~v&3 facflities a-m rnmzpcG and on tho access tc and costs 

of conplcnenti:ry input:.:, 111 s,:, F2.r ns 'mccrta inty  regarding to ta l  

benef i t s  arises f rqm ink loqmtc  knowlelc;e, it can he rcducsd by edueatia, 

demo~lstra-tion mrd, f ail!.rLg 5o-t 'r , by actual  experience. Lli~ccrtainty reg& 

inE*the bmaf it 7 ?ccruing to particular beneficiaries is . m m e  d f f f  icult 

to take - of because depends on t h e  ' lacatj- i  and the i n i t i a l  qfdty  

a: the lad. The IIOPQ im?clrtan+- d i f f i cu l ty  is that the actual hcreat 

Zn pmducti t- i ty r ~ f  o particular pizce of laad depends, In the case of 

i r r i L 3 t i o n ,  on how tba iinprc :r; conditions of !rr3,gaticn supply resulting 

2k/  f~on the col1ect.i-re affcrt: j.s a l l u c a t ~ d  nn a continuing basis.- 

66. Thc mere enlmciatla:-~ ~r l e g i s l a t i o n  o.C G s e t  of rules for guiding 

these allocaxlai~b; i~ n ~ ' i  &:br;;n; r~ i:= ~ ; s d a l t k l  that the beneficiaries 

a m  agreed about The fairness of the  allocations ?.ad that they are 

reasmaby ccnfjdent th3.e: t?e ?ules w i l . 1  in fact be h-tpleme~ted, The 

beneficiaries' vicw of ":.he . ? a i ~ l z s ;  cf t he  rules as well as their confi- 

dence in -the aSi,;.ity ol: t h e  c ;?e~at icnal  organisstion - t ~  znforce thm r e  

therefore llka3.y t n  l a f l ~ e - . c e  t h e  graspecrs of t h e i r  p r t i c i p a t i c n  in the 

i n i t i a l  ccllective in~re;trne:~t:. "1%~ poss ib i l i ty  of cvcrcomi-ng t h e  

C - 
vagnries of t k e  s tzte - m ~ J ~ $ ' d C V i l G F h g  - aqz~lmentszy w e l l  imigatim 

on an individucl h s i ~  $:ezhe;~s wha-tevzc cmpulsion there may be for e q e  

ti= acticc. - T?;e unce-Nainty a!:ocrt: distributim of benefits  arising 

from c o l l e c t b e  effort in f13d C U ~ ~ F O ~  a r d  drainage woulci seem to be a 

some rhat les:: serious 2roblr.: .in as much as they do not  involve a conti- 

nuing problem of :~al'cr n l l ~ c ; ; t i ~ n  which characterise irri gat ion. 



67. If the a2rlv~ link c:i' rcilsi.l;in:; is ccjrrect, cne shuuld expect 

greater w i l l i n ~ e s s  t c l  join a collective effort in t he  case of floe,< 

control and drainape thzn in irrij-:ation; 2nd in the case c . , f  i r r i g a t i c n  , 

when the project zugments w a t e r  swply an8 makes its more assured; whex,+; 

crop p a t t e r n s  clx hcmo~eneous. mrl there are strvny; li cal ins t i tu t i . . ;ns  

wkich can L-E *..trmstec! tu xmago t k i  allcc?.ticins fairly. 0:le should -21~s 

q e c t  that a change in seed varieties br other similar techncjlocic;il 

b~rovemcnts which increases t h e  ;r~(:uction potential  fclr 2 givsn  mount 

ef water and hence t h e  potential returns to c~llective invostmcnt, 

would stimulate greater interest in such effcrt. 

66, The few available studies cf irrigation i n s t i t u t i c n s  do nc;t 

provide sufficient i n f ~ m a t i v n  to judge how fa r  these s x ~ ~ e c t a t i u n  are L,c;mc 

eut by ex;;erience. Neverthelcas we w m l : l  venture to suggest that t h e  

stronger t m d i t i o n  of collective local effor t  in sast  Asia mny have 

at16~s- t  to srjnlc extent: I;cc;t~ sha;-c,:: hy t:hc fs1lc:wing circumstances: 

Cmparcd to south  Ash, minfzl5. in adst  Asia is mc;re amplc 2nd Letter 

distributed rclativs tc, crop water needs, In Japan and the  major ;:a(.!dy 

mwing tracts of China ,shortage uf arable land  rathcr than lack of 

mter seems to be the mre imL:urtant constraint c;n yrclduction; a(! fled 

cxntml and drainage were essential first steps to water control  an:? 

extending. paddy cultiviltim and continue to be i n t e p a l  ccinstituents 

dwater contrvl systcms. It is s ign i f ican t  -thzt d e s p i t e  these 'advan- 

tages' the pmcess cf expancian and improvement of water control  -systems 

W fa frcm being smooth or crjnflict fmc. Nor did it gather simifi- 

cmrt mclmentum u n t i l  cther ccnditians were favourable: Thus in 3a?an 

wid promess took place only aft~r thc k i j i  restoraticn w h ~ n  land 

reform and inflati~n brought about a signif icant  reduction in the 

incidence of land taxation, and the intrc,<ucticn cf new ak~icufturzl 



tcchiquee which, in r,wjucti% n ~ * i t + h  thc rise i d  paddy pices, signifi- 

cantly increased thc returns t~ investment: in b o t t w  water control. 

25: 
(See Hatate 1901 , Kelly 1980, Shirn2rj, 1976 k Statc intervention thrrugh 

legislation to facilit43te t h e m  imr;rovenents ant! by offering Liberal 

fimncial zssistanca w e r e  nlsv Imysrtant contri3utoxy factcrs. But in 

the case of lzn:: cmsrilidat ion FXY,~FCSS was mch slower despite t h ~  fa3 

that owners ~f land were permitted to r z i s ~  rents to apjjr~riate a part 

of the increased productivity due to cmsolidativn and improvement, ad 

d s c  embled conscll idati~n t r r  '3e dcme withcrwt having to oktain u n a n b . ~  

26 / agreement .- Again si&f icant pm,mss ha2 -to wait till after the rn 

under the powerful and ,growing ccmpulsiona to mechanise agriculture ( a ~ i s  

fmm the dwindlin~,  supply of, and ris ing costs of, lalrour for agricultwl 

reinforced 5~ libcral financial s u p p r t  from the government. 

69. k cm:n source of cmf2ict in the c ~ n s t m c t i ~ n  phase arises 

from okjecticns by farmers W E  c~trmunities who are served by a p m * '  

system based on the same source of suy;yly as the prrqosed new prcject. 

Such objections m e  h s e d  on the fear tbat t h e  n& project may adversely 

&fect the qmntun, t . imdiness CIP rel iabil i ty of water sup~lies to us- 

of existing systens; it ccrulc! also arise lacause the new projects e 

cr agerages flood OF drainage pohlens outside its command. 

70. Disimtes of t h i s  category arise when attemsts are made to 

construct a bmrage or reservoir upstream cf an existing system on that 

river. Japanese i r r igat ion history is replete with such instances zi 
Typically, thcse already drawing w a t c r  from the same source are em 



=loud of their vights 2nd newcomers usual.ly had t c f  concade superior 

fights t o  t h e  formel belore t he  nzw projact could go ahead. T h i s  ccnce- 

ssion could  take sovcraJ. forms such as first claim to pre-cxioting users 

W W  avd l ab l e  supplics in t h e  new system; assurance of a minimum suiiply 

ydvs1en.t. to earlier uk:; high- ; j r i c , r i ty  in t i m e s  when rztetion . is 

intmduca:. .4noti1~1r way of reconsilbi; conflicts was t? exjzi~cl the 'yst%~ 

ht this ifivilri;ib.ly rr?:,uire(i m ~ d i a t i c ) ~ :  !,y :i higher .level ~ u t h c r i t y  3nc 

 refera ably combinkc! w i t h  f i n s n c i d  suppcrt ,  fin zx~ans ion  programme usutl3:l 

involved integration cf l;r c-exis-t inp, syst bms in?<, t h e  larger network and 

again thc f omer ' o n,mcur.r.oncc-. was sssen-t.ia1. Herc again apeemen-ts c;ver 

thc.alRocatior, of watw -in t h e  enlarged system had to protect the r i gh t s  

,,c Y ~ ~ - ~ ~ i ~ t i n . g  U S ~ S  brfore the >PO ject ccluld proceed. These agreements 

are a ccnnon f cature in 3apane.s~ irrigation systems and thcl-h not always 

rrrduced to a formal written document were I.egally recognised and were 
( s e e  e.g. Hatate 19791. 

justitiablc . - . 'Thr,r~i ?nc some re;orked i n s t a n c ~ s  of similar conflicts in 

b2ic (~ayaraman , 1981 ; GOT , COPP) . But no dztailed histories c~mparable 

:5 that is available in Japan. 

11. Dis;)u-tea o f  e bigger scale Setwaen different regisns, and evon 

countries, are trigfierod by proposals t o  aonntruct laree new projects to 

tap rivers which flow through several. d i s t i n c t  administrati-re and 

plitical uni t s ,  Disputes over divis ion of water supplies in respect cf 

river h s i n s  has been yrominent in InGh and alsc other countries. Practical. 

wry  rnqjor* river in India  is, or has been, the subject of disputes between 

the riparian sta tes .  Some of these d i spute s  have been quite pretrocted and 

have adversely affsctcd the water resource development programmes. 

M t m ~ t s  to evoJ.ve to5jective and rationalt basis for allocations on the basir 

$ i n t e p a t d  river basip planning have nct been conspicuously successful 

and the matter contir~uos to be handled through judicial and, more cften, 



72, A seccmr! cetcp:.ry r,f disputes miso the area znd/or pa~ticular 

communities rjr fzmers ~ 1 1 0  w ~ d d  be semerl ?;y a new ~ r o j e c t s  and iWr3F 

regulaticns as tc the types ~f crol~s which can 3a [.porn, In principle 

it .is ~ossible tc:, av:iil such c..snfIicts 3y l i l r , i t ing the cct-ersge to 

meas which can 30 served by t h ~  avzilzblc ajater supply ccmsistent.with 

optimm use of resources. But them m e  always pressures fcr extending 

the coverage of the systoms . Given 'the difficulties of ,SeL~rmining the  

optimum coverage Ithe s ta te  :>f the .~r-l% i r r  this area is srrill too mdi- 

rnentary) these pressures are difficult to resist. The more so in  countrits 

l i k e  I n d k  where wztar is p ~ t e n t i a l l y  very pmductive 2nd t h e  ;;oliticdt 

pressures to extec.2 i rx%i~at im t?s widely as l-,r,ss&La ,arc; greabt. U m r  

in the yrocess canals arc ;ftcn over-ext~rlded in rc1,ation ta available 

water suy!~lied ,mc! only succuc:C in ahi f t in[ ;  t he  difficult problems t o  

the operational stage. (E.ILI , fur ther  2fscussion see pays 132 to1963. 

73. Third, ben~?ficiaries  czn, and invarhbly ..lo, disagree &out the 

e x t ~ n t  of the invsstnent ccsts they are, as a &mu'$, expecteci tc? Ixar, 

how this o l l i ~ a t i c n  is tc:. rlFrtri5uted amcn~ them, and thc toms on which 

it is tc be rccovcrer'. . There is clcasly g r c z t  diversity Tn the way this 

is hand1od.h different countries. . In China the P;~sis cln which these 

issues are set.tlt?d ~ e 3 m  quit(? c h a r  rid in thzt 3aneficiarioc are ex~>octd 

to contribute Zirtictly rhe 5ulk of t3e c r~s ts  at the t i m e  of cl;ns-b?uctim 

roughly ;in ~ r ~ p o r t i . 3 n  to the extent of h e f i t .  (more pecise hfomtia 

on these aspects is d i f f i c u l t  to came :2y..) This princijlcs also swms 

to be effectively'enf:>.rced. Japn t oo  has well defined rules tc decide 

the extent r;f k n e f  i c i .my  liability. and the mechanisms to enf crce then. 

But ir. 1 ndia, . nc?twl*hst.sndin(; legislst i ~ n s  requiring farmers tr; 1-ay a 

bettcrnent levy, the &#mers havesufficient pd i t i ca l  power to t hu~u ' t  

any a t t a p t  zit  E ~ ~ Q K ~ C : ;  thci. * 13 2l.i lity . 



4. OPERATION OF. WATER CONTROL SYSTEM 

74, Uplike the  constructjon of water control works, which is 

c senti ally an ancc-for-all or, at bezt ,intermittent act iv i ty ,  

their aperat ion invalves tasks  of a continuing nature, Basically 

these tasks a re  -to niake sure  t h a t  the  physical facilities (dams, canals, 

field chameke, control strvctures) of t he  systcm are maintained in good 

working conditivn 2nd to regulate access to and use of the facilities 

provided by it. The l a t t e r  function,  in an i r r i g a t i o n  system, involves 

allocating water available in t he  systcm among different uses and users. 

The mechani~r~s and procedures by which the dec i s ions  relevant to these 

tasks are made ~ ~ n d  implemented defines t he  '"prigation Organisation". 

They can differ in one or more af the following structural characteristics, 

namely: Tho d i s t ruut ion  of tasks betwem different  parts and layers 

bf the ~xle;~znisa";ion; the locus and the modalities of decision making; 

the manner in which r u ~ c l ~ c : ; ~ a r l ~ s  iire appointed and controlled; and the 

relation between i r r iga t ion  organisat ion and the .  wider socio-polit ical 

1 / framework .- 
Structure of Xrri6;ation Organi~ations - 

75 ,  The simplest s i t ua t i on  is one in which a water source is lmrmessed 

andused by s s k g l e  farmer for cultivating h i s  own Land. Here the farmer 

has only to decide how l e s t  the available water is to be allocated between 

different uses (cropslseasons) in r ~ l a t i c n  to his objectives. The 

yestion of allocation between users does not arise . And, subject only 

to technical constrai~ts ,  ha is fu l ly  in control of implementing the 

d~isions. The problea remains f a i r l y  s imple even when t he  i rr igat ion 

S Q U P C ~  supplies water to severs users-whether because the supplies 



arc in excess r;f the owner's n c x i  or because the source is developed 

purely as t business proposit ion - so lung as t h o  owner has unfettered 

right O V ~ C  the dispcsition cf the wator, The beat examples of such 

a system arc -individually owned wel ls  c > ~  tubewells, Some large culti- 

vators hzr?, m d  still do, have ponds 2nd small divcrsicjn works for  use r ' 

*heir own l i m r l s  .?/' However given the relatively small size of cultiva- 

t i o n  holrlir~gs in mcst parts of Asia, dcvslc*p.~nt of surface irrigation 

works and cvon large sized tubewells require scjmc form of collective 

effort or, mere comnonly , the initicl-tive and resources of the State. 

In these czses, typically, even small systems h v c  to serve several 

farmers; nc one has over-riding r i g h t s  over the mnagerncnt of t h e  systm; 

and the allacation of both nilintenancs obligatians and water is subject 

to the r i gh t s  and-responsibilities uf Ciffcrent segments of the systecl 

and/or users, In v t h w  wcrds, t he  p r ~ b l e a  uf a l luca t ion  btrtweenlu8ers 
and 

is 3s importznt as that of zllccatiar. between uscs (cro;js&seacons). It b 

t h i s  which mkes i r r i g a t i ~ n  organisation a rather mique and interest* 

subject of stuey, 

76. Organisations fo r  management of water control  systems tend to be 

differentiated in terms cf the role of bureaucrats (as d i s t i nc t  f m m  

users). in management and the extent of centralisaticn of authority : 

''Bureaucracy" refers to the  corpus cF paid prc;f essional staff hired 

tee carry out specified tasks in an crganisation within the framework 

of certain recognised m l e s  of procedure. Small localissd systems 

serving e feu farmers can make do with  e simple organisati~n and 

ranage all the tasks wi th  t h e  help of t h e i r  own members, This is in 

fact the case in most parts of Asia. Such systems t rad i t iona l ly  d i d  not 

use any hired pers~nnel; and p ~ l i c y  makers and the :.dministrators 



were chosen from within  thc cclnr~~unity by select ion,  e1ecti.cn or r o t a t i c m .  

That M e  personnel are nut prc f  essionally trair~ed however, does not  mean 

that they are not skillsd. In fact considerable knowledge and cxprience 

in handling both tecllnical and soci:ll 2roblerns ~f water managemenr a r e  

tasential f o r  smoljt h f uxlctir~ning o f  even small systems, and t he  f unctionarias 

m expected to have thasc r l t t r ibutes ,  

77. Larger, multi-community systems require mere ski l le t?  and specfalised 

pcrsonnsl for  managing t h e  tec lmical  tasks and also personnel who con 

sive more ccntinuous a t t en t i on  to the. day-to-day tasks of running the  

syrtm. Consequen-tly as the size and complexity of the system increases 

the nee2 f ~ r  pa id ,  full t i m e  staff to handle both technical  and routine 

administrative tasks alsc increases. ~ u t  there a r e  s i t ua t i ons  in which 

the bureaucracyis role goes beyond technic21 and administrative functions 

t o  comprehend making anc? enforc2ng policy. Therefore it is ncjt sc; much 

the relience on & a i d ,  ful l- t i ;ne p z r s ~ n n e l  as the role they play together 

with the manner in which they are zppoint~d 2nd controlled which l o m s  

a neaningful b a s i s  fo r  distinguishing d i f f e r en t  classes of irrigation 

erganisation. In this respect ai;ain t h e r e  is a marked contrast between 

the patterns prevailing in East .Asia and South Asia. 

78, Thus in Japan because of t he  way i r r i g a t i o n  systems evolved and 

the predominance of small, localised systcms,user contrcl over t h e  

Ranagement (in respect of policy formulation, day-td-day adminis-tration 

as well as appointment and con-trcl of operatine personal)  is very strong.  

As mentioned ea r l i e r ,  irrigation works in Japan developed by extending 

and improving small diversion wiers and ponds. It was ~ n l y  in thc 1930s 

that the hi& r levels o f  gr:vement ( p r e f e c t u ~ a l  and national came to 

play any significant role in t he  modernisation of t h e  systems. 



Neverthslessthe avcca~e size ~2 thd  &ys::,rns mn~ainc quite small when 

compared to dan?l i r r i l ; a t i ~ n  system of South Asia. Thc greatcr complexity 

of the systems and the ~ 3 w i n f :  difficulty in getting members tc contribute 

to system rnitnag~ment a l o n ~  t rad i t ion21  l ine s ,  had leZ to greater reliance 

on, >aid l , r~ fc s3 i~na l  stzf f . But with few cxcegtions , all the staff are 

effectively tmder t h e  ~ : ~ n t r o l  of the LID which ilrc manage2 by represmt~.tive 

r ~ f  usera. A p a r t  frm lclyine down ths general legal framework g,rjveming 

LIDS and, in rare instances, ma nag in^ of reservoirs and canals serving 

more than -one LID, t h e  state  plays a relatively marginal r o l e  in t he  

3/ operaticn of i r r i ~ a t  ion sysTems .- 

79. In ~hins,? '  though from ancient t i m e s  t h e  Statc bureaucracy was 

supposer! to be resysnsible fr,r managing water contrcl w~rks, in actual 

fact its role was 1ir;iiteil t2 supervising the maintenance and operation 

cf largo ~rcjects c~nstructed by the State and that t o o  to the ceneal  

reservbirs , canals x,: enbilnkmcnt s , Lower levels of l m ~ e  system s ,as well a; 

smUer systems m3stly c o ~ s m c t u d  with local rr3sourcos 2nd init iat ive ,  

were manazed lbczlly with t h e i r  own yarsonncl, Currently, fcr purposes 

of operational rnanc~ment water control systcms are o r~~mised  intcj Wi- 

gat ion  Xs t r ic t s  of varying sizcs ranging from a fcw villages t o  

several communes cr even 2refectures. A l l  these organisations have a 

ccrpus of pzid professional anC administrative personnel some cf whom 

are il;>pointed ~ n r l  controlled by the Imigat ion District while others 

(usually those at the  to^ lev&) are officials f r o m  the c~ncemer2 pm- 

fesaional cadres of the government (Prefecture, Province of the  Centre). 

The Iztter are not fu l ly  under the con-trol of the District Organisation. 

By vir tue of t h e i r  technical expertise and being responsible to ensure 

that the District is managed in accordance with general policy guidelines 

issued by the  Party, this category of personnel play a significant role 



in mking of poli r a y ,  Bu: they play i- .Izis role as members of a manage- 

mt c m i t t e . ~ ?  in s?hlch tile ~~pr.:smti;tives of users and key Party 
iL> $0 functionzries are immbcrs, The Comitmtee s decisions are then expected 

t~ 36 imple~entsd by the officials .  At lower I.cvc1 s , the representati v6.s 

0.f- and p i s t y  officials playamuch m o r e  important role j;n policy 

and reliance on paid officials progressively declines as one moves 

?wards the oasir: user un i t  (namely the team). The personnel of thc 

ccmslittees as well as the p e r m e l  for actually carrying out: the tasks 

are drawn ~ o s t l y  f ~ o m  within  the jurisdiction of each level, The 

#prating personneJ. at each level arc controlled by thc management c o r m ~ t : ~  

at  that Iwel, 

36. The xzr<ian ' rys tms , by #.:ont=st., 4 ~ c >  dmimtcd by al;d d ~ p e n d e ~ " :  

a the State? bureclilcrc'.cy. Indim canal systems (which smlz  40 p a  aor~t 

d the cowtry's i e lga t ed  m e a l  tend to be lzrgc compared to those of 

hst Asia; mst of tner:~, cis poin.t:eE out in Section 3, wcre constructed 

lnder state auspil:c*s ~ n t ?  us.i.~~:- ~ 2 r . t ~  ~ ~ ~ ~ o t l ~ c e s  with very l i t t l e  pr?rtiw 

ci~atim by beneficiarlas. Wovl did the beneficiaries have <my role 

lesilplin? the naxig,emcr,t system. The pattern of orgamisntion, the 

procedures to be followed and the s taf f ing  were. dd2ded by t h b  

State lusuaS.ly the piiovincial govermments ) w i t h  hardly any r ,onsu l t~? .  ".!a4 

wlth U s e r s .  n i z  continues to be the case even now. The syst~n:  c1~7h".F3~~: 

proride for  part icipetiorl  by users in making c r  imp3 cment ir15 dtlr: L ~ i t  '1:) 

wTn a? I9wk.r l e 7 r s l s ,  Matters of wstem-wide lpoiicg are left -20 ' s t y .  

k&zd bjj +bd S.tX:.c krQat:i,on d e p m e n t  ; e k  bp-cc f omd mrn&:< l' en .i 

i l . ~ t s  of I@p;.islations, zlulen , and operational cxi8.t -kc !g; ldr .~ i  

the rnb:nagors cf indivi~Zua1 ay stems. These mano:;crs , as indead i i i d ~ * ~ t ?  .: i l y  

ehe Wire t a h i ~ c i  ad ad!mh2stn~tim- staff d m  to the  lo=s'i ,? f lC i ,  



5 / are apyo-intcc.1 by t h i  31:atn, G:. ;:!rnmcnt an:.: znswerablc to it.- 

e l .  That many c;f t h c  canal projects during the last century happened 

to be b u i l t  by t hc  State in areas with no prior  t r a d i t i o n  or experience 

in imigation may have heen a contributory factcr . However there are 

instances where l x . ~ o  scnlc cans1 i rr igat ion wns introduced in areas 

which had already :levclcped locel ly  bu i l t  dnd managed irrigation mrks 
been 

on an extmsive sczle, but no attempt seems to havcpadc to int'egmte - 
the new system with tha ~ c - e x i s t i n g  works either physically or hstitu- 

ti~nally. The Szra&~ canal in UP is a case ,In point, The introducth~ 

of the ~ovtz*rlmorlt cana 1 displaced .the local sys terns which already existed 

j n The area m d  t h e  t r ad i t i ona l  i n s t i t u t i o n a l  arrangements associatd 

with the  lette~ sr.ems to k v c  d i s i n t c g r a t e r ] . ~  rn South India and in 

Sri Lanka thc stztc: showed a marked prediifc~ion jn famur of wan+ 

a direct roJe in administration of even small scale end essentially 

Iaca?. irrigation ponds :~y rc- laci in^ t r n d i t  ianal imigat ion functions 

with state appointee! personnel and by enzsting formal regulations on 

7/ the management of such works.- 

82; Some of t h i s  may have been dictated by objective conditions, 

Thus,  the substitution of canals fm older local systems iv the Sarah 

canal area may be rIue to the mlative cheapness of cancl water and the 

fact that, under the condi-ticms then prevailing in the arca, intwdmtia 

of the canal did not significantly inc~easc the rettlrms to irrigated 

airicultureaY In South India,  stats intervention was at least  in part 

a mspwse to the ."isintegr&ion of the -traditional social order - i t d f  

a direct consequence cf the changes in land tenure system introduced 

bJf t h e  Brit ish - an&l;e resulting detmioratioxr of tanks which affected 

yroduction and Gm-rnent revenues .l However, it should be noted that 



this basic p a t t e r n  of manzgcment through a state bureaucra~y with 

minimal participation i*j users kiss xmxinued d m  to present times 

although vast changes have take plzca in .chc techiquosof production 

and in market confiitiuns. matever the reasons,the management of the 

Indian (and generally South Asian j canal systms rcprcsalt a high defpes 

d cen.tralisaT.ion in the sense that  the authority to make ant implement 

pol i 'q  and tc rcsolve conflicts vests in a state controlled bureaucracy. 

83. It seems useful for the sake of c l a ~ i t y  to make a distinction 

men two aspects cf centml3.sation of irrigation management: One might 

be called the g'functional" and the other the 'tpa3i-t icalt' aspect. The 

r ~ m ~ .  L'PFJ PC ts the techfiical ck~acterist Lcs of the system which dictate 

the locus of decision and t h e  distributicjn of decision-making powers 

between different levels. For j.n stance , coanpar1e a system ihich is 

entirely based on canals fed by a sir;@ source (say a diversion work 

or a reservoi.r) w i t h  one in whic?I, besides the  central source, there 

am d l e r  sto~zges/wc~ls r f~~t : -2 i ru te3  ~it'u? the command! area. In the 

first case, smooth' warking of t h e  symtem requiras csntralised c~ordination 

of the  operation of canals and outlets. And once the operational schedule 

o f t h e  canals are eetemined, the amount and timing of water available 

a t  each cutlet is more or less f i x e d .  The management organ at the 

outlet level can protest against upstream users taking toc much or can 

tw to take mre than they are entitled to. But in either case, the 

extent to which they can manipulate either the timing o r  quantum of 

supply is l imited.  Their main Tunctim would be to distribute supplies 

available at the outlet  as between different parts of the area covemd 

by tha t  outlet. By contrast, in a system with supplem~ntmy local 

atorage/weUs, the intermediate level organs have much greater f l d b i U t : y  



in m, .tibulat i r ~ ~  t h e  qurtntun , , : i n ~ i n f ~  anti tiilsca-t !an of wakr which alsa 

means that  y r tcn t  in?.ly t n ~ :  in..remcdinto rncnagcment 3ovcLs have a d 3 t r  

ranei: of decisions TO mskc zn.3 im?lcmcnt, Thr; ~lxtcnf. t 3  whfch this 

potential is in fzct use.!<? 't;ov:evcr dcpenis on scvcral factors including 

the degrep cf adequacy 05 5rr i ~ a t l c l n  uater supply relztive t~ 1.eqbumert 

of The command. 

84, The apr=litical'~ aspect concerns t h e  ~ u e s t i o n  of whc qlniong the 

various proups int-erestei! in the system makes t h e  aLlucat ion decisicns, 

on whzt hasis  ,~nd fo r   hose benefit. The allocation decision has t o  b 

deriver1 f ~ l c r t i i  c<utbki i r i  n1~j~c.tive.s (which may or may not 1)s ex$liei't! to h 

achieved by the system. Since evexly nl.l.ccation decision in a nulti-user 

byut&-rn implies o certain r ! i~ t r ibu t ion  of costs and benefits among t h k  

users, i t e  srnovtll Sr rn~t ionln~:  re+i~'as a clarity r e&a~~? in& the  gods 

(which must r:er ossarily crimpehend - both the overa l l  luvel rjf outpm 

and its d i  ntributim amonE rl i.f femnt parts cf the systm) , definiticn - 
af allocation rules consistent with these goals, and the capacity t o  

enforce then, It is cmceivable That tht;sc r .a t tc~r ,  ccln be settled 5y nu 

apement 2rn~n.g the users cr t h e i r  r c p ~ ~ ~ s s n n t t i i v s  s. But when there is 

na cc;nsenous a m n g  the asers or between tho users and fhc; mznagmatn 

these r.at-ters, c;r if tht: smsensus is fmgilc, it will be l ifficult  t c  

enforce the  allocation rules and srwoth functioning .;.f t h e  system 

requires thxt there be s m e  higher a u t h o r i t y  to reszl~e t h e  conflicts. 

8 5 .  This kin6 of cen tml i s a t i on  oi authority exists evm in t ~ d i i i w l  

user-mLma.wd systems.- lo' The "lost obviouc cask is when t h e  dcminant 

land ho l f l e r s  a r o  also the managers. But it is not  necessary for  the - 
dominant l a n d ~ m e ~ s  to be directly i n v c ~ v e ~ l  in watcr mnagement ; they 

may exe~c i sk  atrthority throwh managers who are their ncminccc OF subs1 



their interests, They may also chorjse tc in te r fere  only when the 

conflicts tF.rcaten to get out of hand. Tradi t i~ : ,na l ly  the authori ty of 

large lanrlownkrs s w m s  t~ _n.va played an i m p ~ r t a n - t  role, at any rste 

as an authcrity of last rosort , Ln t h e  functimintj of local  system^. 

When t he  com&ositi~n uf t h i s  p o u l  changed, as it d i d  fn :m time tv t i n l = ,  

the wcirking of t he  irri~ction o r ~ m i a a t i c n s  wcre also af f cctccl. There 

am cases, of which the V e l  Vidanes af S r i  Lanka is an excellent instance, 

where the overriding auth~rity was formally vested with a functionary 

backed by t he  State  but they again seem to have been drawn from, or i n t o ,  

the ranks cf t h e  well-to-do. 

86. In multi-community systcms the large landowners per se seem less 

likely to play the ro l e  of "u l t i rnn te  arbikerlrbecauce t h e r c  are so many 

more of them and con f l i c t s  of in terc ,s t  among them are apt to be greater. 

And whelrc, as in modern Japan, China, and Taiwan, land reforms hzve 

resulted in a relatively even distribution of land, lanc? ownership is 

much lesz important.  ~ulti-community systemrely more cn rules and 

~rsons  adjudicati~n pmcedures and on entrusting the  impltntentztion to p ; 

recognised by t h e  community to be knowledgeable, skilled and fair. Hawever 

this canncrt La effective unless t he  users and t he  managers are broadly 

in agrfemrnt ovrF the system ~b jactives and its Even 

then, ther:$need - fo r  a clear locus of authority f o r  resalving disputes 

which the organisation cannct handle in the normal course. In several 

systems, t h e  top level functionzries are people whc commd respect and 

i2/ influence in t h e  region on t h e  basis of wealth or political influence,- 

In t h e  cane of China, a strcng an2 act ive involvement of Communist Party 

13/ cadres ;3erfoms the sane fmc-tion.- On the other h a d ,  one cannot assume 

that merely because the management of i m i g a t i o n  organisation is cerrtralised 



znC vcs-teil with r r i ~  !c ;.rjr<c.rs, rha  . - *.=.I. I I I? .~O,  ,ty is in fact, or can 

in 
bc ,  ef fcc t ivc .  Thus, as wc: shal l  s c ~  1il.t r : ~ ,  Indian cznal syst- th - 
irricaticn 5ureaucracy is no t  free t r t  excrcisri i-ts very c,onaiderable 

formal au thor i ty  because thc: rulcs do, r.clt reflect or derive f ~ o m  gods 

on which both users and manager:; n r a  broadly ; ?peed .  AtternZ.3~ on tht 

part of the kmreaucracy tr; .icmforce i-rs rules are thwarted in hyriad gays, 

87. Since there m e  so many climcnsions to irrigation ~rgmisation, 

it is difficult t u  f ind  a classification which is simple and the saw 

time meaningful. In m y  case, the f ~ m l  of the ~rgan isa t i cn  t a u s  us 

~ r . l n t i v e l y  little ~ L o i l t  haw they in fact wcrk and how they aha$ thd 

to changing cir~cmstmces. ~ h c s c  questions a m  5es-t. cxamincd in mlati~~ 
t h e  

to - hay specif ic  t a s k s  of ~mansgement: in irrig-tior! unrks  - namely maht.0 

of phy~ical facil it ies and r e p l a t i o n  of wstiir allocation - are handld 

concrete s f t w t i ~ n s .  Partly fcr convenience, and ~artly because of 

l i m i t e d  material nvailabla, our ?.iscussisn w i : l  for the most part fbcus 

on the contrast between the tmdi t iono l ,  locnl systcms Irchtivelg d 

i n  size, w i t h  a high dewee OF user involvcmziit) 3rd t h e  large state-rn 

cans1 systems in India,  

Maintenance - .- r f Irr i~s t lr jn  Systcns ..- 

88, The r ; w o s a  of  mainte ten once" is to make slrrw t ha t  physical.facGi- 

I j ( r 1 - ~ , , . ~  , S ~ X T I : . . C I ~ ~ C S  distribution netwcrks ) functi~n amcotlrly 

and a t  t he  levpl .i perf~ma'qce far which they werz designed. TypiclUy 

i n  a srn~1ace water system, t h i s  invclvcs per iod i c  inspection of the 

facili t jss to idcntify m y  detorio~atiun (such ss leaks in embanhat$, 

erosion, s i l t i n g  cf canal beds, growth of woeds, malfunction cf slui 

etc,) and exccuto t he  necessary r u p i r s .  Bcsidea, the organisaticanee 



tfi je aleH in idmtie:ng ma j G r  mel-funcOio& as they arise and have 

the capaccty t u  correct tb~i-m ~xornptlyr 

89, Inefficient maintcnmce could advcrsoly affect the water" deliv~rics 

hy reed;lal?g the vu.tme of w6ter camied by the canals; slowing d m  the 

?peed cr'watm f1m; increased waste due tc Leakace m d  spi23a; and in 

the extrcme case a ptrtidt or total breakdm. A l l  of these reduce the 

% h e  c.; water made available ta the field: 4 h e ~ c  the f e a s m a  

lml cf grrductdon m m p a ~ d  to the potential c,f 2ho system (givcn t h ~ ~  

bdni. The quality of mdntenance affacts the intest of b t h  the 

~{an ioa t i on  as a whcle (w5lch is pesumably interested in gettine the 

rz-.h~l~l yrd~lst ion w i a  the available w a t e r )  and the users I-whcse out~rrt  

mi Licor:;es are df mctly affected by it). 

ED. The sWmq$h 05' thfs c o m n  interest is howev~s variable dep~udin3 

2s 2 Ccos or, the size of the system; t he  nature and extent of uccllet 

ko l~rnar t  In i t o  bevslopent; the pwductivity of water c o n M  ir? a 

i l vm :;itGa+ic;l,; ond t h e  d,istributicn of coats relating to benefits 

1 tw4n c l W f  went *asen d / c r  p&s of the system, The sense of 

c m n  ifiterect somas 'rikoly to bo strongest and most widely ehwe4 Lr 

.z l.e!a:zveJ-y systen w h i c i  has hen set up bjr the d t y  of 

%el-s ,.;l o have ahr, made a substantial contribut ;ion to the oost of f evelop- 

k it; -21 sptef118 where im5gatAm l.eads to relatively big h c m a ~ e  in 

- ro r !~c t> i t y  of ':fir? :c;r when the potential loss o f  outpu* on accou.~': : f 

:KP &~?tenance i s  high) : and whim there is adeqriote smQ, 05 lator 

'-, nrz i  ch? ileeds crf the a t i r e  sewice  area, On the other hand the 

la.-w awl T ~ F ;  ~wtrt? ~xtcar~sive a system, 

r e  -;_~r! ~! i f fZcu&t  it .<s ?Fc:F f i8ePS to app~ee5at 2 their c o m m  intareats 

i-: pcp-ez r~in2~- ~:.-,ilce L ~ C  facilities at levels. The hpmtance of 



nainl l i in in~{ +the n,:~:lin , ~ln>li .  I nc~ t a o b ~ i o u s  t~, t h e  tailenders of a 

system serving 200jl00 ha, as in one scrv. ng 100 ha. The interest w i l l  

naturally be weakur when the users  have ~ . o t  contributed any of their  

own resources to cl~vciopizzg the systcm and when the returns t o  irriga- 

t i o n  in ternis of il:criased uutput is r ~ l a t i v e l y  small or uncertain. 

And if all parts ofj~E;tcri - a r c  n u t  supplied the prmisiid quantities rr 

if the suppl ies  zrc irregular nnu uncertain, not only w i l l  the a f f ~ c t d  

segments have less  in tercst in contributing to systems maintenance, 

but they mzy act i:rsly resist such c o n t r ~ i h u t i o n s  as being 'briPaF;rirf'. 

91. Tpadit ibtla 1 ruttnnlui i t  y i r r i l ; a t i a n  systems of Asia fall i n  the 

first category: For the  most par t  they are the groeuct: of local 

initiative an3 recource~; fi .  ,:her levels of ~ovr?rr~rnen.t were seldm 

involved to any signif icant  extent i n  organisin& or f inancing  their  

construction;  arid t y p i z ~ l l y  ' t h ~ y  serve but a f e w  villages. Available 

a c c ~ m t s  of :i nmbm ;?f + ! i ~  ,e systems suggest t h a t  most of them have 

evolved mechanisms and pr  ocedurca for mint enance which work q u i t e  

14/  smcothl y .- tlow~ver it wouJl.d be arron~ous t h ,  supgose that they work 

entirely r;n t he  ~ t r e n g t h  of 'smutuzl intcrestsV or t ha t  the process is 

f ~ a c  of conf l ic t .  In E sinall, close-knit c~mmunity tho force of c u d  

and social pressure no doubt plzys an inpor tant  role in ensuring that 

11sc1.s f u l f i l  their obl igat  i c n s  . But thcso arc invariably combinet with 

explicit p e n a l t i e s  ranging from f ines -to loss of waterrights for  non- 

1 5  / compliance !- 

92. The i m i g a t i o n  orgmi sation in a11 cases has t h e  f o d  authority 

to apply the  sanctions but may n o t  always be able .to exercise it, Ffir 

instance, it cannot clo anything which goes contrary to the interests ef 

other inportant centres: of pewer in the c o m i t y  of which the dominant 



land owners are 1;)emhilps the most impcjrtant . Bccause of this, and t h e  

fact that control over imigz-t ion is itself an important aclditional 

source of powcr, there  is poten t ia l  for centralisation of authority in 

lccal irrigztion organisztion. Whether in fact this takes places depmds, 

h~wever, on t h e  extent of cancentration of land ownership and on the 

land tenure. It seems likely, that extcnt GE land-lord dominance over 

irrigation management would be-greater tihen a large po-rticn of the l a d  

i s  cor r t ro l led  by s single family than when there are ci nunber of rela- 

tively large land owners belonging to d i f f e r en t  family groups or castes. 

93* Tfre land owners thcrasalves are likely to have a direct inter2s-t: 

in maintenance and operation of irrigation when their own incomes m e  

d m i f  icsn~ly affected by .the way it is managed: The active interost 

taken by large landlords of Japan in water cmtrol amanagcmen-t may have 

Wmething to do with the fact that they l ived in the  village and cultivated 

a part of the land direct ly  .- 16' In South India the traditicnal land tenure 

8ystem earmarked a certain pzrcentage of produce for maintenance of 

tanka and the land contmllw took active intercst in t h i s  task. In other 

parts of t h i s  r e ~ i o n ,  a large numbel? of tanks were owned by ha illords. 

b long as ~ e r s e  tenure systems cimtimued ar.d the State's revenue irself 

was determined as a share of produce, there w a s  strong interest in both 

'local and supra-local centres of power in ensuring proper maintenance 

of tanks. Apart from wars, the in-kroduction of t enur ia l  reforms early 

under t h e  Br i t i sh  rule weakened these tractiti~nal centres cjf -villzge 

authority. This undoubtedly ccntribuTed to the deterioration of irri- 

gation tanks during t h e  29th century. Under the  new tenurp land control, 

and hence t he  power derived from it, u$<f,h:~:~ diffused. Though tho 

government took over responsibility for maintenance, i ts  functionaries clea: 

wepe unable to pet t h e  wmrk .done.i7/ In B i h r  too the  t r a d i t i o n a l  ~ m i n d a r s  



who had taken active intcres L in maintaining local i r r iga t ion  works 

lost interest once t he  share r e n t  system uas replaced by a fixed rent 

system. (Sen Gupta, 1980). Clearly the-re is a close connection be'timn 

kw land tenure and the  management of local water contml systems.- 

94. In larger systems, t he  responsibilities are of necessity mom? 

diffused and the perception of common i n t e re s t  in the maintenance d the 

system as a whole tends to be weaker. Consequently the  penalties and 

sanctions also tend to be more f o m l i s e d  and impersonal. The mobma- 

tior, of labour contributions become more difficult. It is perhaps for 
larper 

t h i s  reason that some of the - / '  multi-wmunbty systems combine a 

labour contr ibut ion by beneficiaries fop maintenance of local faciUth 

w j t h  a levy to meet the cost of maintaining facilities which fall in 

the ju r id ic t ion  of higher levels -3 Where, as in China, maintenance 

was sought to be done with labour contribution, a degree ,S cohesion 

was necessary. The s c u p ~  f ~ . r  ~lifferences over the performance of the 

tasks and the shming of costs also incrcasc with the size cf the sgstll~ 

For all these reasons the mle of the central management in maintainh 

internal cohasion and enforcing the regulation is apt to increase 

with the size of the  system. Fcnut.hm mom, the larger the system the 

pester the influence of the higher poli t ical  author i ty  in its fun- 

ctioning especially when the latter is involved in se t t ing  them up+ 

95 1.nvolvernent of the higher lwel po f i t i cd  authority (be it the 

regional or the national government> in maintenance and operation of 

water control  has been and rcmains quite limited in Japan; it is con. 

siderable in China and mast striking in India. fn China the mzlintaaw 

of relatively large irrigation and flood control  works has been t&*- 

the  r e c p o n s i b i l i v  of the state bureauc~acy who were expected to mobFlis 



Eervee labour to carny out poriodfcal repairs.  But they needed the 

hrlp and support of landownorn, t h e  Gentry 2nd other centres of locnl 

p r  to effect the mobil i sat ion.~'  The quality of maintenance uas apt 

ksuffel* when g0vmwnen-t as a whole was weak and/or there were s e ~ ~ o u s  

mf3.icts of i n t a e s t  at the local lev~l: We have an accomt of t h c  

h r  Yangtze deltawhere the maintenance system broke down as a result 

ef disputes over shming of maintenance oosts following a change in the 

pttm of land amership and tho state was unable to resolve Ct satis- 

factaruy far severca.1 decades, Though the account pertains to 16th and 

1M centuries, it does highli~ht the  inter-relation between water control 

d n t m c e ,  land tenwe and btplaaucracy, as well as the  inter-pky of 

interests a t  different Icvc-lo. ( h m a s b h ,  19801.. 

96. The mowing difficulties of enforcing cornea Labow gradually 

lad to abolition of t h e  system. By the 19th century the cost: of main- 

taining public works w a s  supp05&d to be m e t  out of the gcnwal budget. 

h m ~  the bureaucracy was not allotted sufficient fmds to carry out 

the works -for which they w e r e  supposed ,to be *spcnsiblo. In some 

amas officials rcsmted, with the help of local leaders, to extra-legal 

labour cmtrZbuticn; there were attempts to n a m  down the state's 

ngmsibility for maintenace; in many Gases officials simply neclected 

this task. The general iIecline of the authoriq of the krmtml &cf~em- 

re& undoubtedly w a s  an important factar contributhl: to t h e  relative 

mglect of maintenance cf water control f2cilities under s ta te  cont ru l  

21 / 4wing the decades, precoeding the  Revolution,- 

91, With the reerganisstion of water control management in the  

;st revolution period, labrjw contribution for maintenance have again 

h m  i r n p o ~ t a n t . ~  Almost all the lzbuur needed for maintenance and 



repair throughout the system is contributed by the benef iciarkes. 

The reqtlirements of items other than labour, as well as the cost of 

the administration, are recovered i n  the form of water fees. While 

the responsibility f o r  planning and executing maintenance w~rks is 

distributed between d i f f e r en t  levels, and local loadership is encowad, 

tho available accounts (mostly relating to models of successful manage- 

ment ) highl ight  the key role of the pmty leadership a-t all l eve l s  of 

the organisation through a combination of propaganda,politica'l educatior 

and even compulsion, in ensuring smooth working of the arrangements. 

There are indications that when t h e  party leadership is not s t rong or, 

as it happened after the 1979 reforms, the  P&y involvement is reduced, 

i 
the functioning of t he  water control  organlsations & d v e ~ s e l ~  affected. 

98, In India (and South Asia generally) the state  has direct  

responsibility f o r  rnaint enance of practically all surf ace i r r iga t ion  

systems, including ponds anC cjther local systems which historically 4 

to be managed e i ther  privately or by the  village community. Reedy, 

some ~f the smaller village ponds have been turned over to panchayats 

(which are supposed -to be autonomous and representative with institutim 

of local government but are in fact neither). They depend mostly on 

subventions from the state governments and do not seem to take much 

interest to tank maintenance. In a l l  other cases the  asitate public 

works departments me wholly resp~nsible for maintenance, the  costs 

of which are met out of allocations in t h e  general budget of the State 

2 # government .- 

99. Users of sta te  canals pay a water fees (which is sometimes 

merged in land revenue) which are supposed to cover operational costs 

(including maintenance and i n t e r e s t  on capital) but are almost invariably 



quite inadequate for tho iW2 w. Moreover, u n l i k s  in China, such 

fees are not e a m a ~ k e d  f o r  use by the sys::tm managas but get m e w d  

in t he  general pool of resources, 3 f  the PGID has to compete with 

&h& departments for allocations frorrE this pool, the mamgcrs of d i f f a m t  

systems have to compete with each other an* w i t h  claims of other 

activities of t h e  dcpartmant . Maatfinance of i r r i g a t i o n  systems does 

n& seem to ccmmmd a high p ior izy  in decidhig budgetary allocations 

at the State level or within the  PWD. 

100, TIPe complaint of inadequate allocation i s  long standing and 

there is stark evid~mce of ' the deteric~ation in the condition of inrpoeant 

241 
mgwr~ts of ,the irriga~ion s y s t c r  And y e t  there has been hardly any 

p s m  either f m  the PWD officials or Erom the users to remedy t h e  

situa~im The lack of concern among officials i a  perhaps understandable 

for, they are not committed to serving as managors of any particular 

hieat ion system, nor do tht .'r careers depend on h w  w e l l  t h i s  job is 

he%' The apparent passivity af users is mope difficult to explain: 

hr sheer size o f  t h e  systems, t h e  weakening sf coUective interest due 

to .the dwelopent of independent 3upplmentawy source of higation 

bagacially weUs and tube wells) and t he  fact that they have mo role 

a t  e l1  in the management my have all contributed. 

Management of Water Allocation 

The natufe of the Problem 

101, The o t l ~ e r  mjor task of im ipa t ion  organisation is to decide the 

principlea on which the  available water is to be allocated among alter- 

native uses and between.differesrt: segnents of the service area; and 



device ~ffectivc m.ic;ribE:.; ,.:,: ;.: : , -s.t LL.? dr .,.= f ~ r  -riaking sure that the 

allocations in fact conform to these p r i n c i p l e s .  On the face af it 

this would seem a straight-forward ~roblem i n  resource allocation which 

can be handle. wi th  the help of standard, though by no means simple, 

techniques of economic analysis. 

102. This is quite a reasonable view in the case of s systzrn which 

is owned and opercted by a single enti ty (which could be an individual 

or a cooperative) exclusively for i - t s  own 'benefit ' d e f i n d  in clear 

and unambiguous terms: Consid- n farmer with his o m  tube well, who 

warrts to use -the watw .from theit well along with his other resources 

(land, labour, equipment and working cnpiral~ to secure the maximum 

net income, The mailable uter can be used tc. g r o w  d i f f m t  crops, 

the feasible set of which is determined '-y the soil conditions, eleva- 

tion, topgraphy,  climate and cthw elements which go to make up the 

apo-climatic envirc~.sc?t  5 Y Y r .  +h*: ? h i t s  a t  by the environment, 

the farmer has to &case the crags to bc mwn and the area to be .sown 

to each crop. Each crop has d i f f e r e n t  water requirements, responds 

diffe iently  to va~ia t ions  in the amount of water and of other inputs. 

~ak& together they define the " m ~ ~ t f  on function" cE different 

cmps. Given this infamation, t h e  prices of each crop mil each input, 

and t h e  volume of water and other inputs ,available, the farmer can 

work out the cptimum allocation of all inputs (including water) as betweex 

crops. 

103, This is of course a rather s i m p l i f i e d  view of the problem in as 

much as soil and ttlpogrzj$~y trmies even within a fm; the effect of 

i r r iga t ion  on crop yie lds  c7.i:pends not  only on t h e  total quantum of water 

applied but also on when it is a?plied; response to water is not 



independent of fex-tiliszrs a:d gmot-ic lotentiai  of the crop varieties. 

In principle, howem, it is pss5ble to allow for these in the calcu2atim 

af the  opthum pmvidcd of come the necessary knowledge and data are 
za/ - 

available. mite sqhist3cate?! calculations, using d e l s  and corn- 

putm, are in fact made by large imigated farms in countries like 

the O, S, -An Iridian farmer decidTng on how to use hie tubewell m y  not 

W in fm such sophistication. While he miiy simplify t h e  pmblem znd 

farms on a narrower range of choice varkbles than may be available, 

the optimation calculus is well-defined. Eo~eover whmvwl the user is' 

wholly in control of the i r r i w t i o n  source, he should have no di f f i cu l ty  

btotusr than the constraints imposed by the  system design and the availa- 

bi l i ty  of relevant data) to regulare quantum and timing of watm deli- 

w i e s  to different par t s  of t he  farm and to different crops. 

1011, But in multi-user systems, t h e  problem is to allocate available 

wter not  only betwezn $iff e-pert craps f and seasons) but also between 

s One of: the obvious f n s t i t u t i ~ n ~ i l  mechanisms for solving t h i s  

prob1m is the  q3marketaP. A well-f unctiming market is supposed tc 

ensure "eff icimt*: allocation 2n the sense that t h e  marginal pmiuctivity 

af h i g a t i o n  watcr B e t w e e n  w a s  and users is equalised. In the process 

the '?right pricolP of water is also de-t:~mind There a m  of course 

well known genera1 queeions whether markets dc in fact work all 

that we11 and whether the income distribution which results from it is 

sochPly "just", But ths more relevant point here is that the mmkct OP 

eoen allocation through pre-detezlmined price .is 30 l itt lc used in 

h iga t ion  management. Thcse arc seveml reasons for t h i e  



105. First sincc: i t a  effect on pprcductivity depends not only on 
we need -to 

the quantity of w a t w  ilppf but also its zimir,&differcntiate - between 

time-spccif ic inputs cflm-1 g:i-:ioc, Second, t he  productivity uf irri- 

g z t i o r ~  is r,~t i cd~pendcct  c.:!: t he  aramt imd the sbasonzl distri- 

Lutiun of rs infz i l  hc th  elf which arc highly  v-:piable and unpredictable. 

Third, the eu:,n~tkil y i e l d  Lkicg  the c ~ ~ u l a t k v e  rasuit. of moisture status 

at di f fe ru in t  stogcs cf cro~ growth, it is difficclt tc evaluate the 

cantributivn of fi glvc~n ilrr,ou~? uf irrigation at a givcn point of 

tin3 without specifying t he  1t;vcls crf icput  :.t other pcints in the seaen, 

Fowlth, t l ~ e  response to irrigation is also conditioned by svil and other 

physical condit i r jns  which can vary between di f fe ren t  par t s  o f  the system, 

Finally, the suprly of wc7 ta r  2nd its productivity tc particular users is 

not i n d e p e n d e ~ t  ci- r h ~  actions of other h,~rs. Whether GP not  c pa-ieuln 

plot gets a given n ~ 3 t r r . t  ,:f x.?ter rlcpends nc t  only 031 t h ~  seller (the 

systcn) but zlsc dz ti:\ - c  -7.'- C ~ L  : ,.I ,:c%.gii kclcling other pfijtfi. Since tire 

seller canrot: contrzl  thc amount of watfr ne can supply a particular 

plat at 2 pmticu lar  time ;lrld t h e  buyer cannot assess its marginal pxu- 

duct iv i ty  , it is n o t  possible to 1 k - a ~ ~  2 'w~r1lPfu~ct i tning '  market. Allocct' 

27/ has to be dcnc 34' oitler I~ ,BJRS .- 

106. In order to cppreciztc the nature  of the p r ~ b l c m s  invdved,  

csnsidcr a nulti-usw systuil m s m t  tu timigate a single variety cJ a 

particular c r ? ~ .  Given the tot21 ~rna>tmt of w2ter a v a i i d l e ,  the questiea 

of how large zn wed is ts he equipped for imigation has tc be decided 

even at the stage of design and construction. For t h i s  the de,signer 

needs tg krcv the r c l n t i vn  between the moisture requirements 2nd crop 

yields.  Leaviag asi$e, for tlie sake cf slinplifying the argumsnt, the 

question of time-f!istributiclrr cf m~isturr supply, let us focus on the 



rclation between t o t a l  moisture aveileblk +r. the plants L~n:nd thc yields 

In unit area ( g i v ~ n  t h e  level of  other ini+urs 1 'I hF,5 rclilticn, is t y ~ . i c a l l y  

ef the shape shown in f ie;ir~ 3. Su~;';.o~a t h a t  f~orr! z p w c l y  tach-lical view 

)#ht - soil, ti?pogp~ishy zcd cle.~a-ti::n - -the systm c ~ u l r !  ner*re a c2rtzig 

area, say X X .  SUPPCSQ .t'urt?le?* t h.2-t the ~ ~ S S E S   TI cor?vkycncc 2nd 2.pplici:- 

tim arc ~ I S G  givec. Now if tht: cr;,ectec suy101.y of w z t c r  in the systam 

Ewt of I~sses)  t ~ g e t h e r  with r ~ i n h i l  per mit of tho p~tcn'cizl scrvice 

area can ensure OD cr more, them is nc; problem, When t he  z v a i l a b l ~  

supply is less tkn OD there  is a choicc bctwen planning cn t he  basis of 

p i d i n g  OC tcl  a part of the potential. service area vr less t h m  OD tc, 

the en t i re  pc tcn t ia l  area and hence fmi:r users thereby bcnef i t t i n g  :i 

hrgar number of uzers, The tutal uut2ut attaina51e in the t w c  cases are 

dikely 'ic be t h e  same, 

187. The problem is essentially similar when several crops with Giffcrent 

mter requirements arc to be g m n .  In f igwe 5 ,  QAC represents t h e  moisture- 

yield response cause r ? t  z givm level of f c r t i l i z e ~  asp c r f  wrg~, /mi l3 .~t  

andOdfD for ricc, Sorghum needs less water but it yie ld  potential  is 

also loss. Ricc needs vtxy nuch rncrt; water, but it aLsi> yieids mwh mcrz. 

kt us suppose that r i c ~  yields more bnth ir1 absolute terns m d  rchtive 

ta imgatforl water used, In this case t h e  problem is ti: decirEe how t h e  

irrigatim water is to be allzlcatsd bstweerl oclrghum and rice. Given 

water supply this decisj.cn dutcrmines b ~ t h  the t c t d .  aren irrigated and 

thettutal p~cduction, Mcra area under ricc means a smlLr tot~l, i r~ igc r t cd  

:a butsunder rjur ~sstimptit)l:, n larger output, Butfavcwing snrghurn 

me ;l??ezp an2 pussilly more farmars, arc benefittec!, but tc ta l  cutgut 

ray be Less, 



108. In ~ r i n c i p l u  the i r r i g a t i o n  ~ ~ r g z n i s a t  i on  toad d a ~ i g n  the 

system, genrcd whrlly t:) a ~ s u r i ~ g  the "cf f  icic-nt'huso of watcr I and otkr  

resources) from the social view pc in-t, The optimum dasf gn shuuld thea n 

the hsis f ~ r  det~mining tha tc;tsl area tc be Zmlgated, the cmp pzttm, 

the amcmt of water tc be al lketed to different uses ad w e l l  as the 

economic price r,f water. I f  users were charged the eemwnic price of 

wnter 3r% fetcmr.ined, the desired allocation of water between cmps tn2 

usarn could be snsured .w However, this logic is frustrated by s e v m l  

factors, s ~ m e  g z x r s l  and sane p e c d a r  to imigatl.m, 

209, In the first ylace, topthisation exercises, no matter how -histi- 

cated, CBRIIC,~ be cry m r r e  solid c r ~  rel5abJ.e than the conerete know3,dga 

infomaticn which Eces into it, In p i n t  ~f fact, in most parts of Asia, 

designers :I<: nc ,t havc ~ C a q u a t c  -2r r ~ l i a h l e  infomatrun on water supply, 

yield respcnse -tc i r r i g a t i o n ,  i r r i g s t i ~ n  cff iciencioo , soild conditi~ns 

and other relevat aspects . tr; p e m i t  such calculations, System m e  

29/ designed on the basis cf relatively crude data a rules-of-thllmb.- 

Secondly, whme the valuatirm of fnPuts ~utprts mEerlying the d s i g  

differs f ~ m  the prices actually facing farmere, and there is no effective 

attempt tc b ~ i n ~  thsm in l i n c ,  t h c  crop pattern and water use which is 

v ~ p t i m n l ' '  fo r  the individual fnmer may Givergc f r o m  the ~ z t t ~ r m  prescribci 

by the system rnmw.a?s frm an o v a d l  efficiency viewpcint-. T h i r d ,  

wen If the clesign were  right, the system has to cq3s with the ~ m b h :  

of how a h 3 r t a ~ e s  in water (which are inmitable from time to t ime 

becauee of the variations in r a i n f a l l )  are to bc oharcd among the 

t- : igille users. Fcurth, i n  systenls with irtixed crclqinll patterns, the ~ ! P M  

cat  ion chf the total acpeagc unbar r e l a t i ve ly  w z t o s  intensive, but 

Lucrative, w p z ;  as between diffe~ent pmts of the systm and m - g  

<iff %rent users could &me' cmtentious mt ter . Furthemre in s 



surface water syztec! serving scuc3ral users, the mere fact that 

water has tr, f i ~ s t  pess the fielJs ct the  upFGr Icvt:L c;f t h e  cmal 

netwcCrk bcfcrc reaching ?hose situate! Lcswer down gives the fcmm zn 

oppmtunity tu intcfere with thc allicatim, 

11C. Ur.dzr thusc  cr:n/?iticns it i a  dffficult tc Cecidc thi. confi@rs.- 

tim of the  "'efficient" systar, am:. evcn mre to ~ n s u r e  'kf kicisnti'  

wate~ d locz t im on the Snsis of the prices alont:. A t  m,,y rate most 

surface wzter .systems are set  up by tho user crsmmunity w i t h  its own 

remuces or by the  Stat2 usinc public funrls. In d t h r  czzc cansld~ra- 

tion of r2islrikltfm cann3.t 5e kspt vat  if ~ r ~ j e c t  c'.esign cr o ~ a r a t i c ~ n ,  

both of which represent some s o r t  of -3 camyromise OF ccinaensus vegarcXng 

the balance between 'efficicmcy* atG tequityv* Here the pctential f ~ r  

cmflict in the cot l rs~ GE cperaticm aven meater and p~ice-bclsed allo- 

cation ic 2n even 106s effective bc.sis ~ G F  i:llcJcati~n, A~nct? the 

necessity f- physical rationing of srez irrigated, @oth tctal and by 

crop). ,ant: o f  thc amount oT w s t w  supplied tc: ycrticulm c x p  in the 

fight of avai la le  total sugplies. The dl sca t in~n  p r o c c d w s  irk pra- 

ctically all multi-user systm hmc tr, define t h e  basis c;n which thesa 

&isions will he m a c ? ~  and clso t h e  rtrechanisms enrl yrocedms  by which 

they will bs; enf3rced. 

131, Wc have ckmriptims uf hcvt these tasks mamp.ed in sever21 

systems from all parts cf Asi;.,. Thpu~h these accounts l ame  much t c r  

be dcsircr? - m c s t  of the= ~wlc not sufficiently flatail&, cf ten  thc  

distinction Letween which is supposed to be end whzt is ~ e t s  'SL~lmed ; 

an8 they reflect Giffe=nt c:clr:ccrns .met ~srspmctivzs of t h e  nuth~rs  - 
they Ao hepi fccus on the significant diffem,ces in practice betwcm 



112 - D ~ s c x ~ i p ' t  ir;ns ~f thc: vat  c r  ?llr;c!at ion ~ ~ ~ c c e d w e  in trz2itimal 

c c m ~ n i t y  - b s e d  syst::ns (r.rhich rii:rcscnt an irnptrrtant , i.m;l in s m ~  

countries t h o  :!c:nin,mt, ty;>e of imizot ion  in C sin ) m u  relatively morc 

nmemw nnd somu of them quite ilatailed. These syst~ms vary fmm 

fzirly mall mcs servinr z s i n ~ l z  village or E par t  cf it ( l ike the 

h l  miya tank ir. Sri kakz Srcsw&d 3y Leach, 196%) tc mera te  s h d  

multi-cclrrrifrunity systems likc t h ~ s e  c f  &ll, anC Japan, They include irri- 

gation ha&ed m stcrzge zmds, 2ivkrsib.m of river fLok*, or a d i n a t h  

of thc t w c : .  Most of tl~crn .:x-c used ~ s s c n t i a l l y  fur padcy cultivation, 

which again is t h e  r;l.minzat ch.wacteristic f ~ f  imi~;ation systems in mst 

parts of south easT :nd u m t  Asia, and of traditional systems in south 

Icr!ia an.: Sri Lilnks, 'I"I.6; .:.I-., ;cnci.zlly re12tively ~ l c ?  systems (some 

are in fact severnl eomt:rics c.ld 1. Thol~ current mmagement practices 

m e  the result of A ~ O C G S S  af ~dilptatim to changes in the Land ternwe, 

prices, toclmol~w :ml the system itself, Many of the systems have in 

fact unc!wpnc signifZccmt sfz-tims smmtlmb fcr the better (fhpt 

extensf on nscl imprmmnt 1 ::n:l. somctimcs fcr the w m s ~  ( t k ~ g h  negCt 

a~cl consequent r'ct eri.cratic)r. ) , 

113, The? wzt~r ;tllccation grzblcn as wc haw a.een, cmsists in deli- 

miting t h ~  <area tc be irrigiltor: -- anJ ilecidim t h o  zmbunt of wattllr t o  be 

given t r :  .Jiff~mnt s c ~ t n t s  c.f th-I: z ~ e a  ontitled tc, i r r igat ion.  The 

firnits ~;lf scruice apes nuro cr less well defined (parthy by topography 

and partly by the amant cf w;lt;=,r zvzilable) but vwiable: The mea 

which can be o f f ~ c t i v e l y  brigated in my psvm season 2ep~1& cn tht 
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Fig.5 : Illustrate Moisture yield response curves for 
Sor~hum and Rice. 
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supply available in the p n d  or r i v m .  tforeower, the area sought 

to  be imigsrTed a s  well sa t h e  supply of w a t m  nay sbtr secular chan~e:  

the ssrvZce a r ~ 2  may be extendecl (cn account of under denovaphic 

pret3sure 02 ae a m.tter of policy) and the effective supply of water 

can be cba~l;ed E m  better (bv attending and/or improving the system) 

or E m  worse accoilnt of negligent maintwancc, damagss from war or 

natural events n d ,  possibly, long term c l h t e  .clbangec). 

Z l l C ,  The cxtect  of area to be cultivated as we11 as the timine 

of t h e  start of i r r iga t ian  in a part-icular season seems to be g e n a ~ l l y  

decided by t h e  i r r i g a t i o r  commur~ity as n whcla in t h ~  l i g h t  of available 

water supply and l a i n f a l l  nt the heginninl; of the season. Whcre t h e  

entire service are? cannot be Irrigated, them is the ~roblem of 

deciding haw tc the xladuction is to be distributed. The basis seerns to 

vary widely: Sane systems have worked out: quite elaborate and ingenedus 

arrangements t b  ensure equitlable sharing of the reduction among a l l  

users: For instance *- the ease of t h e  ful ELiya tank ISri Lanka) the 

irrigczble area is divided i n t o  three segments according to distance 

from t h u  tank znd the w ~ t l s ~ d  holdings of every farmer arc equally 

distributed betweon these pcrts~,~dEecause of this: 

' : X f  t h e  vi l ingers  are to culTivrztc rice in the old field 
during The Yala soason: they will decide from the start 
e i t h e r  tc cultivate the whole of the f id4 or (the up?er 
two t h i r d s  of t hc  field or jus t  {the uppamost) one third..,, 
No 1:wlZn5: OE procaccls or malllocation of holdings is 
nccessmy since the land is already divided up in such a 
bray t h z t  each landholecr works the whole or two t h m s  or 
or,@ t h i d  of his .total hold5ngs as the case may be.,.'' 
Z Leach, 1961 3 .  



115. Chnmbers (1977) e i r e s  i n s t a n c ~ s  where the rationing of 

area is done on different crite~ia: In one case each user was ~ u a ~ r : t e d  

full  imigztion for a 1 3 m i t d  scz-ea~e; any additional area w d d  be 

given water only if there 5s any surplus. In ano-tfier, the farmera wu~c 

Left free to decide how much they would sow. Thus rationing is not 

always on the base of a proportionate reduction in acreage 05 all uses, 

This  is pa r t i cu l a r l y  true when dif feruntial rf ghts to nates are rccognir~da 

In m y  systems ( e .  g. , the Bdinese  subnk , the Japanese systms as w d l  

as in 'Kiiiland and Taiwan) it is established custcm thet s o m ~  sectlc.ns cf 

t h e  service area have superior rights and hcnce first claim cver zvvaila. 
31 / 

bJe s u p p l i c  In general t h i s  differentiation is based un 1,ocation: 

upsts.eam lrmda and cammitics have priority arm those downstram. 

While this 5s ?artLy a formal -copit ion of the inherent advtntaps (if 

upstrem users, if c f t e n  happens that they were also among the f i r s t t c  

develop the imigaticsn  sour^.^, 

ilE. Ac~cagc rationing is itself a way ~f rationing wster but R C ~ ,  

always sufficient and has t o  bc combinad with ra t ioning actual wator 

supply. The L a t t e r  is in any case essential when unexpected shwtages 

in the course of a season. Even in.ncmsl season, these s y s t m  haw k* 

phys ica l  devices and operational procedures (which can be quite sldcraa 

and in~enious3 t c l  divide the available supplies ainune different p l ~ t P  

av 
C,R s m e  rexognised basis.- In times of shortage, besides rationir?'~~ 

nczlenFe, tho water allocation is also rationed even more strictljr, 

Tho bzsis and procedures vary. Sow times (as in Pul ELiyal the  pbysicd 

design c?f the system is such that it is posslbla to make sure that t:ltc 

r e d n c t i m  in b ~ t h  grea and water supply is sharcd in more m less i~ f  tk 

same p r ~ p o r t i o n  by all users, But this seems exceptioml::Tkte mead 

each Land holding is not usually distributed in such a systemtic way 



-3 knds  with di2iuwi,'i, ;;;-ZUC; sf ~ x i m  rTqkt~. such ~ S G S ,  

mly rationine as between 'di~ferent scc.t~anr; df thz c m m d  is a t t a q t e d .  

Rotatinn by ccmals GP dSSI~Ibutmies OF oUTXE~S ~ j r  a ccmb.inatim. themof 

seems ccmmon, Rot infrequently t l l i s  is su&jc-ct tc. differei~tinl watt?? 

r i ~ h t s  sf d?.ffwrent sopmox~.ts of thc  co!r:mand ?ran, I'heru ara  c? few 

cases where suy,pPy cf wztar for relative] y wetor in-teneive c m ~ s  is 

mtated frnm p e r  t o  year: Theac arc usua l ly  ir! arsrr: where crr:l?s ctht:r 

t b n  pczcldy ur m w e  than one crc)p of pacldy is raised in a year and the 

available sq-gly  cf water even in a ~ . I J &  yew is not sufficisnt to 

*i 
permit all uews to mw the water btens5vc mu dry aeasm crops. 

117. Crjcwdinat ioc GQ imigat ion schtxlules ' with crop-wzter ~ e d s  is 

fzcili tzted jln atmc casos ' by csollcctivc ,apreemclnt on the s c h e d u l ~  of 

cult ivat i m  opeA i . ~ n  in each season. '.q,.us in Ptit Eliya , Tmd it it ?nally,  

ths qrill~ge-ra tsks s collective dt:cisia,l a? the beginning of each seascr: 

reg;rlin~ ~ih-icli 1~r.d.s ar v*. I,, ; - ..LL L-, -it; j e  cultivated as well as tho 

schedule r e ~ o M i n g  "the dates an which .r le sluices w j . 1 1  be ape-, the datz 

at  which sc-:.iT1~- w i l l  b~ c i ~ l e t e d ,  the vmf c-kies of pica ~~rhich will k~ 

smm and the date by k-hicl; it is planed tilr ham the  harvest -7dy" 

( k c h  1961: 108).2' In sane Japanese oystems a l so  the fact that the 

date of roteosltn~ watw f v r  puddlinl: ~ n d  t m ~ s p l a n t n t i o n  is Gecirlsd 

the i r r igat icn camunity as r7 whole implies a certain coordhati;;n in 

the t iming  PF operat inns Where t h e  sys ter;! is relatively extensj-ve ,md 

the sessonnl dlstribut icm of water supply does not pormit synchrc~r~.st,c 

opzrations O V ~ ~ F  t h e  ~ n t i ~ e  c o m n d ,  c ~ l t i v s t ~ n  is staggemd. Sometimes, 

as in B d i ,  t h i s  stae&e+ing is elaborate and carefully coordini~ted jfl 

an instituticnalisetl way.Si Stamering of c2mations of a less c a m -  

36! cbacter  is rapcrted in severzl There zrc a f c w  cxanplt?s 

systms {e,p.., s~me o f  %ha Jamnsse pmd-cum-canal systems and the Meickuzm 



pruject 25 China) which .-.p-ntL f l u i b l ~  delivery schedules which 

arc vsricd acc: rd in ; ,  to Lhc crsp -w ,~ ter  nt-eds in cl.?f f-merit segments 

durin~ t t w  croi, sr:;svn, 

l.23. The indivL5u.-ils r:r ~ ~ U ~ S W E ~ R S ~ M C  f ~ r  thc ovmall managemt 

r,f t'fx syetem makc -trhc a l locs t icn  dccisi~ns , . i thir ,  the fiamcwork of yriw 

cstL&l.isAed by ccnverticm (:,r In srmt cases like t3e S r i  Lankan tanks, 

by stztc l ~ w )  ilnZ su~cmisa its irnplcmmt? t icn In m u l t i - c c m m ~ i t y  

sgsttrns thc ?laction has tc be clistributec'l between difforcnt layers, 

layer bcinr rcqlonsiblr  for  sll~cat ion wi th in  its jurisdiction subject ts 

thr? lirriits set  by The higher Level. The hasic u n i t  at the f i e ld  level 

is usually .s. Froup of farmers served by tho szme cutlet.  While users 

2nd cjther PG?~FOSETJ t .~t iVes >art ici;;latc at 311 l evc ls  , kn~wledgc , exp3*Iw. 

and s k i l l s  in wcter rnrmzganent at eivcn cc;nsiulercblo wsight in the  c h c  

3 71 ~f functi~narits .- Zri 1 w ~ c r  r n u l t  i-ccmmunity systems, where a hieher 

w d o r  of miitrtis~ is n ~ e ~ k l i ,  u y ~ c i a i i s t s  art. hired by t h e  crpnisatirn, 

In t h i s  way technical expertise and users' interests arc c d i n e d  h 

ar r iv ine  zt dacisit ms . 

119 Mhcre t he  system is f e d  by sing1.o pond ;P bmrape, t he  tcp 

level dccisir;ns on cnnzL nper,3tion l m ~ c l y  determi~e the mcunt a d  

t inin? cf suppljcs zt Inw~r l::vl-1s. The main task u f  thr. lztter? is t@ 

sure 
nake /that t he  sul?ld.ies made av,zilablc a1 t h z t  level sre put  to effective 

w e  mrI distributed "fairly" a n r q  I t s  ccnsTtuents + Systtms with 

multi;.lc sourccs snlrrr'nr intermediate stclrz~es permit pezter  flexibility 

cf a l locat icn L?t all l eve ls ,  Lwf the rnanagt;rial task is much mcre d~mad'~ 

in terns of t hc  vc#lwn~ and quz32ty ~i informaticn required; alemess 

cf the opariit i r i  iwrscmnd;  spccd cf c: .mmunications, ,md coordjnati.on df 

decisions. A l l  this -11s~ c ~ ~ l k  For far g ~ e a t e r  rnppoxut between uperatm 

331 uscrs* Keichuan is 2n exczllcnt case in p ~ ~ i i l t  .-- 



120. Pril iciny of t h o  sy s l:c:r,l, w:: ' ,:h 1; ;;;;sentidl tr: ensure onf l:)rcement 

cf the watcr allocatinr,, cs;?eciclll:f in tii,:es .;f' shcrta~c : is 1~rcvi.dad 

fer a t  a l l  Ilcvcls thr,>u:;h ,I systerr r;f guards an--. w~tc'n- vho rrrr! ci'lhcr 

appointed as rcpulm ;IC?~I? em;doyocs ( t h i s  p r x t  i ce  Seinf; ususlly res-trictcr! 

t o  the higher levels c f  r c l n t i v e l y  larp~ system] c,.r by nsti . i~;r: ing silmc> 

rf ths farmers (sontrr!tlr:lt?.; f o r  1 , i : n ~  ;:ericds. c7zd :asnctimec i'jy r u t a t i o n >  

ta do this duty. Thc latter ;).czct:cc is crjmm::n a~ t h e  1~1:est l e v e l  ;f 
591 

aulti-comuniQ systems. Xn f i t h c r  C ~ S E  pumds ZFC sclccted f r ~ r  Their 

rhlisbility and Ezimess, ,?r~d rcmunerarer: by the members df the I T O U ~  

either directly i:w tl!wutr;h ;I. Icvy paid  .to t h e  c~ntral cjrganisntibn. 

171. Conflicts rwcur b ~ t h  1~ctwc:en clmszrtusnt u n i t s  ~f the system and 

amp, rnembors s> f: each u n i t  c:l :r the wzy a11uca.t ions arc mmapcd and r:vcr 

zttanpts to vicln-tr: t h e  n l 1 n c a t i c . n ~ .  Them scc:m .to be well-established 

tf a pmticulsr ccnstitueLat ..rcut, ;me ex2ccted tc mediztc disputes m3ng 

its members an<'. at the silno timz tn rcpr3';cnt the interests of the i r  

mbers as ;i whole in =lat ion t:, &her units of the system, Disptes 

vhich eannct he resolved 2t cnc 2 e v d  zre r~ fcmed  to the next higher 

levelc Col~flicts which car~nqt bc resclvcd by t h c  irri~atisn owleanisat iun 

wj have tc hc ref~med tt~ Y.igher cantrcs of ;~wr?r. But it doas nc;t 

hIlow that the latter w i l l  always ktervane decisively.  Unfcrtunctely 

t h e  are ~ E W  d ~ t z i l t ? d  accriunts ?f thc: nature and incidence of actual can- 

Eliets GVGP water c?llocatio?~is in such systems cr sb:ut hbw thcy are 

resolved, The yenera1 i m p r e s s i m  that r3ne gathers i s  that while ctmflicts 

are quite c o m n  and sorn~rtirnes vi::lent, t h ~ m  are taunter-vniling f'orces 

40/ nkch k e c ~  the organisati~n fmm bwakine dtrnn<- 



122. Perai~itent ci;zdl.icts irl~icI., ca=c.t be ~ s c l v e d  sat isf actarily 

within the. existing f r a x ~ ~ w ~ ~ k ,  is mi! uf: The fzctcrs which could triw 

r;~.,difications; in the org?.nisztisxlel fwunewrk and ,failing th2t t, a F&S$ 

of the systm itself: This is bwjught' sut by th4: cxpericncc cE sevad  

concmte p ~ ~ i j c c t s  in Japan (e .  g. Aka river system, Azusa rivcr , 12  Gb Gal 

china 1 Mdichum prc  joct ) and T.aiw6?n (Nan Iiung). These cas@s 
show t h a t  

however/ the intensifi .cztion :J:.€, conflic.trs in a system is cnly a signal - 
that than-ces in its oper3-t ionnl prc~cadures and perhaps physical dmip 

m e  naedeG, Whothcr 3r,ri vhcn the ct:int,;~s, and in ;articula* system 

~ d c s i p ,  5x1 f3c.t: take. ~ l - ~ = . c a  Gepcnds un t h s  p t c n t i a l  returns to the 

iavcs-hwnt con system i q r ~ v e x t ~ n t  .as (yainst other nwms of raising 3u$ut; 

t h e  abi l i ty  to mobilise s c s ~ w c c s . t r ~  finance such investment an6 on the 

m n n w  in which t h ~  c,::sts cnd benofits :f:rnm modifi.caticn will be distri- 

buted. Even k1 Jq;; m r?a ju r  t;ystem h;;r~vcnsnts tovk place in stage6 

sprzad .  ova^ several dbcr3Ge:- in spite c;f the f ~ t  that these im>wymts 

meant mare abarnd.mt an:', a a s m d  watery sup2ly 2nd hence -a signifid 

reduction in cmflicts amng users. Much the s ~ m e  was the cose in the 

Nan E w e  p m j  ect cf Tziwrm . Ic ' ~ ~ l c h u a n  m 

f hs ether h a d  such inpr:>vernents s e m  to have been 'bmupht nbout in  s Or 

pmid, ?ad the necessary resnmces mrbil inec!  w h ~ l l y  f r c j ~  the iirrigath 

ccmmunity because the cr;nbinr'iticr! ;f the camune zy&tm and s t r a g  

lucd ~ ~ o l i t i c ; l l  leadorskip made it p c  ssible To secure an mforceable 

123. That a high l c w l  of ccnflict or increasin~ conflict b e s m t  

ncccssorily lead tc such J.rn~s.~vements is h i ~ h l i p h t e d  by the st3 te  of tad 

i m i g n t i o n  systems of South Kndi:l an2 Sri Lnnkn. In both these mgirns, 

i r r igat ion s q - , , p l i e s  relatsye t c r  ncods k Z  ipuchscarcsr than in east h ~ i a  



md g ~ t m  thc: low .:na rr.rt~.l*; s r,-C:nf?i.ill r~lztj .vo to cwp water needs, 

m m l 3  expect thk p ~ t e n t i a l  returns ti- i r r iga t icn  tc be gr&it#. 

It is t m  that thc swLy c ~ f  water in these systens is much less r.eE(&Xo, 

c h d c z l  tecknt~~c.c,;~yhzv~Sc~ea s l~ .wer  tc dcvclc~g in south Asia. But t h i s  does r . ~  

 TI t o  be an aclequatc explanat icm for t h e  cont h u e d  neglecT of t:mk 

and 
~l?jntmanet\/L1IQ ..A i R ~ I > <  1 ity IU ~rrn+sin r n a - r ,  n+heat of cultlvatlcn> in-to tnnk 

k vc led 
L& and b other 'jlmhibitcd ' .Ireas, which 7 to J % r ~ . ~ ~ c a n i . v ~  m-luction - 
in ztoraye czpaci* 2nd hence w a t m  swyly. 

124, In more r e c a t  times dc.:lspfte t he  rf sin{; rricas of podcly and t2e 

hroduetictn ,of tfY'Cr,, n0 major c h m ~ c  seems to havc occurrcd in the 
in south Asie .  

mpmwt nf t m k  -',mi~;~ltZa~J -&y ,~ t t e rn~r t  tc chaige t he  exist- schmc 

&rta~.dsbly p n z r ~ t e s  resi ;tme &cause .the :dws cannot bu surc 

in advance obout t hc c?ve~;?.il bmef its frm a chrm~e and are in fact 

likely t o  be ?,ppreherista a3nut bo'iq it will affect each one cbf them, 

Ih orgzaisztian ~ n d  the lmdcrshi: needeQ to allay the ust.rs11apitim;lte 

!tars and to convince them 'tEk?t their btcrests will be pmtccted - 
&3t h of which inv~J.ve a hustclns? process c.f educatian, persuasi~rl 

k e  difficulties mx a;rprmt ly  being siilo-s*i*-& by recourm tc 

d a t e r  2 w i n c  on an inl:!5vic3wl &sis - a khenomcnon which by a l l  

Y3/ ;eoms hzs bcccme ~ J C o s ~ w e d  w e n  in tank irripate2 arazs.- However, 

aU this l a  based or! 1 T ~ z 8 ~ ~ l  observation'' on? not on any systematic 

Wies o f  the ada?tation c d  sycthms tr. chnnrr,inp s i tua t i~ns ,  &m31y any 

:!dy o? imi~atkn frcnn .this perspective is z v x i ~ l e  5n south A s i a .  



Large State-mana~~~".ysstcms 

125. A t  the other extreme, and in sharp contrast t o  the above atewry 

of systems, me the large canal irreztion pmjects of Indi~ (and scutZl 

Asia). Tho management of water allocaticn in the latter is conditicnd 

by the  falbwing characteristics: They seme extensive amas; smtfl 

=cent times, most of them w e r e  fed by a s ingle  source (usually a n.s?w:k 

unlike in most parts of south east nnd east Asia, they cater to 2 wXt 

varieq of WG?S with d i f f e r ~ m t  gmwing seasons and gmwth prioris; an: 
decided 

the aUocet2ions a= . s ~ h t  to be 1 by the system mnnoEers wit is^.: 
w 

consulting the users, In large systems with ~ O ~ C T Y S U S  EC:: 

cmmmication is mom d i f f i c u l t ;  chanms in any particular sepent ccd? 

hnve x w m i f  icstiors over a wide area; and the task ~ . f  cocdination 5 c - w ;  

more cmp1cx, As  a there is a pcfere11ce fcr relatively s k i 4 2  

involve 
operat f onal p r i n c i p l e s  which nocossa~ i ly  - /a certain r i g i d i t y  i n  schedules 

ani! proce-s. The scope for fxexibility is further reduced wkn th 

system receives all or tho bulk of 5ts s w l y  Trcn a sinp,,e barrage cr 

reservair, The diversiw of imi~atcd crops makes cm&inatfon oft?:-t~ 

ir.elivm?ies with crop-water needs mare complex than in systemwhich use 

imig~ticm mostly for paddy. 

126. Thmugbut India, the wfiratim of canal systems and uthw 

ccntr01 s ~ t w e s  upto the "outletss [which PmQates mywhere q t u  kC k,?: 

is whclly the g!ovenmentsv ~sponsibil ity.~'   he ms~nsibility *,r 

~vmal l  mnagement of the system is vested with a senior ,govwmmt 

r.lf f i c ia l  w h o  is hvmhbly firrm a pmanent c a t b  cf eraheem. Tho 

entire project c m a d  is then divided into a hierarchy ~f smaller 

operational units a i d  sub units (usually by sections of maim canal, 

b w c h  canals, gmups of distributors, ) under off icfs3s sulmrdbtc  

to the  system manager- T?I~ officials in charge of the intexmediate 



levels are usudly fiailm ?hi: ci.:ir~ctrs cad-; t h c  s u p p r t i n g  staff as 

W as those respilnsiblc fcr s u p ~ w i s i n g  the upexation P ( J l i c i n 2  

at.' the  Imer levels arc3 all cryloycrs of t hc  stctc. Each system is 

suppc s ~ d  tu be cc3vernad by ccj(?i$icd ;~perational ~rcccf?urss .lcrivc+ 

p2trtly frcm general. lep,p,isJi?f:irjn an4 ~ctrtly f m  thc *Icsip of t h e  krc ject . 
Users or their re~~csentarivos  arc not  direct ly invclver! zt any stz,-c 

of the mnagment (except bcl~w the  outlet) ?ad msjcr chraj:_rcs ;in water 

distribution policy usually req~irc a p ~ ~ c v o l  at higher levels  uf 

government. They have formal powcr tu mfcrce com;llianct! and to punish 

sffendcrs. And in case cf sericus violations which create law a112 crdcr 

problems they can take the s q ~ p o r t  of tha st ,z te fs  police fwce, D e l b w  

the oui le t ,  the mmagmcnt c?f allocatione;2s of mzintenance is entircly 

with the users. 

4 3,' 
127. In geneml the Indian C F A G ~  system-- is gkarcd tc a certain cmp 

pittern ( in ttms c .I WLC ~ic i .3  .IS+? .'j. ~3 1 :. ther saasonsl crops  and 

perennials by m ~ j m  crop scason) which is ,:uj:;~:~e-l t u  be decided cir1.3 

incorporated into project design cn thc basis  cf s careful ov,jlwticn 

c:f the guentum and se,ascnr?l distributicn of r a in fa l l ;  l ikely w~tcr 

mpply in tbe roscrvcir; tho wzter requirements af different  crc;gs urdcr 

liffcrent soil editions; znC the policy r c ~ a r d i n g  hcw The benefits are 

to  be distributed. Tho extent of area which can bc slmn tc: certein 

Hater intensive crop (15ke paddy and su~a~cane )  ts alacl s p c i f i c d  with 

provision fm penalties ($ma1 water rates and even d e n i a l  of wzter) 

in the casa cf vfala-t:ions. Xn s5me cases, annual rotat ian of sup~, l ies  

bstwean different distribwt mies E d  3y a ~ & n  canal f s incorkmrstec! 

i u t ~  the  d c s i g  to prevent excessive mncentratb:n r.;f watcr intensive 

mps in t h e  comanZ, fn general the systerrls are hcs irgcd f o r  c ~ n t i n u o u s  

operation of thc main canals exce2t d u r i n ~  the closure periurl which varias 



dcpendinc rm the mods c ! f  maintenance snl: on the crop pattern. 

Tho operation cf 1)ranch canale ant? distributaries ara continuous in 

s ~ m c  systems, mtated in others. 

128, Therc are, h~wcvcr im~ortant Zfffcrcricas the way the c m l  

In south In i a  on 
supplies are regulat~cl in any particular year or season. the baris - 
of the supply in the reservoir,water is rsLeased to t h e  c~mmand area 

from a fixed date at t h e  be~inning  of the crop season till the  mtdty 

of the main cnqp, ' : . , . the  mzin canal mms ' continuously and the distri- 

butaries may be rctated ZD some ~ m j e c f s  w i t h  lfmitod ccntrol stmctmrm 

In this system no effort is made to ascertain t h e  demand of the famen 

on a weekly or fortnightly basis which may vary due to rainfall and 

the staggzrinq of crop sowing frm distributary to distributay 2nd ym 

to yeart7 IKath:,aliz, 1980: 6 ) .  The focus of  eqtitable distribution in 

south fnitian s y s t e ~  ssomtr be more on the .regulation of CPCP patterns, 

particularly in respect cf water intensive cm)ps, both overall and in 

4 Qf different sc ,p~nt  s c f the camand .--- 

129. The annual syeraticm sf the systems in West India are also 

decided cn t h e  basis ~f the supply pcsition in the resemrir, 3u-t deli- 

veries in $iff crcnt branches and Jisfxibut~ries are re?&atsd on the 

basjs of the extent r>f are2 under di f ferent  c m p s  (es;?ecially the water 

intensive crcgsl in different  parts c l f  the commd sanctioned by the 

canal mcmzeemmt on the a ~ p l k a t i o n  by farmers at the bepsming cf each 

season. 'm these regions, the water sugqly iJ1 the wintw  sezson is 

=tat& by disWibutaries as w e l l  as within ~ a c h  distributary, 



dislzibutwies a d  rnlnms.is worked ou t  j.;, arlvance dc;cndir,p or' t h e  Fomcest 
cive 

ef rmailnble w c r t e r  e v t q  seclsm'"t& p r c s c ~ d m  m meant t c ; / ' ' f l a c i b i l i t y  - 
h adjust the supply in the C ~ ~ S E .  -9f t h  sezsur,", (Kathpflia, j5i2 3 -- 
This is tlvnc cn the 11gs3s c r f  ' 'd~mrnt l~ ' !  reocivsfl fr?3vJm fflm,e~s, scrcanar? 

ky the successive levels c:f . c ; d  -official$ E T ; > ~  chclnnslled w: to tk.2 

authority c(?ntm?ll in~ release:+ in :rhk miin 'Esn.:l. T h i s  pmcsss is ouyposu; 

to be d o r ~  at frocjumt j.ntewa18. c'liZ~i.ng hach season, fc>c,r tech mino$ anC 

distm'huCiuy, tnlrin;: . into .gccc?tnt Wht' rainfall the -, the stwe 

uf cmp m w t h  ant? the ares .un3t?p, ~Fiffc&at CX~GIJS at the  ; ~ m t i c ~ r  timetf 

 are being taken *'. , , to l 5 m i t  tlhear! Ermii?:e within the c?vcU?ble water 

h the ~ilr-ticul.m c-52 season of the yeast", i 1 - Ratcticn cf supply 
_II 

m y  by mult i r l c s  of. n v&k, betvkn'  hr"anchs, .?istributaries and 

rriners is cc?mmon a o g g c i d y  C w h ~  the winter SCi iSm.  There  is ~eppdiedly  

~lcFFtzki~n batween out2e-t~ IocateJ an a Riven distributary, The pxwcedurc 

d the nmth Indian s y s t w  ma<? s& ta hLme a h i l t - i n  methr~d 95 handling 

8ituzticns cif shortage. The fact that water ZS scp;-q.iseO tu be releanad 

cn the bjsf s cf fmncm* demand suS-jeet to offZcial Y C V ~ ~ W  in the .lQ!ht 

~ memll  water su$ply povides  a ptenthl means f c r  enfmdng,. a3 

"equitablet' ra t ion ing  of wdter in pwlads of shortage. Other systoms 

L aot sum to have eny well Befined ~ ~ E u E .  for W?R &ortapes. 

Tk: reactitins o f  the c a m 1  mm?gment seam to be mom or less. a d h c .  

131, But in pt,ia~t of fact wen  .in north  InEhn:~yatds scheduling 

in much loss flexfile than the  ~ ~ : d e s c r f p t i m  weuXc swear, A 

? t a i l &  s t d y  cf the w ~ ~ k i . n g .  of the dlloeztim pocedures in the 

kkm canal systcm shwz that.s(in the Lmk sixties) while the 

W a t i ~ n  schedues as bet~wm ,the d3.strTbtltary chnnela an-&led f a.mers 

smwl Sy each channel to he. m~sm&ly cash as to ;Ehe &tc wh~n they 



might expact tu ~ e t  su;ly?lics, it rave no wlrantcs as tr; the mounts 

they wculrl yet ,  The latter depender? cm the amount uf wztm released 

in the system which was highly variable. The uncertainty uf timing and 

volume of supplies 3t the i n d i v i d u ~ l  fmm level, which is determined 

by a f u ~ h e r  rotat ion system behw the channel autlets,..is c~nsidor&ly 

, ~ z a t e r .  (f leidhyer,  1974). W h e  mtational scheduling is n ~ t  in 

vogue, as is t n i c a l l y  the case in south India, and there are nc; califid 

~mcedures fm rnmagin~ drought situitims, there is not even the 

raretense cf attemt$n~ tc assure ?reclictjbility of supplies an.? equitable 

distribution of water tu cach outlet, In cffect.the men8 close t o  the 

head of thc distribution channels have peatur assurance of suki~ly,  

the de-e uf cartcinty fa l l s  sharply as one nloves towards the t a i l  end. 

The experience of one canal systen~ during a recent dmught hi!;hlights 

how slow the management i a  in roacting to water shortage, the ad hm 

manner in which it trfes tcl  cq,e  with the eitulytinn, and also the  kinG 

cf p~~ssures mcler which it has to opwc?te. (Wade, 1980). 

132. Hcrc  mer rally, few system seem to be able to conform tc;  aUo- 

cations v i s u a l i s e ~ ~  in the original design. The 2lanncd allocations are 

of 
h e e d  m assumptions xlegw2ing (a) tho likely svaiIability/water in the - 
system, Its seasonal distributicm, and variability; (b) the Zcrsses in 

ccnveyance , d istribut im and field a>~:lication ~f water which together 

d ~ t e m i n e  the "technical efficfoncy" of the  systm; Ic3 the water require- 

ments cf different cmps; am. ( 2 )  the paVtarn of cpcip~:in& in Ciffemt 

sections fif the c~?Xmncn area. Many of these turn out to be either 

or mutually inconsistent. The avail&le information on ra infal l ,  a) 

f l o w  2nd cmp water needs arc uftcn inade9uate w unreliable. H i t h t b  

best cf intention the pmjoct  d e s i g  calculat:?iun can an2 cf ian  2u go 

45 
wane.-fn the pest-indepadrnce perf od inadequacy of t h o  anc? staff 



devoted to surveys and d e s i i ~ ~ l  in pelation t~ t h ~  volume of work 

involved alrnp w i t h  l c ' 3 ~ I T y  in t h e  technical znc! economical scrutiny 

of yrojects  heftwe apprcvTal have contributsd t o  a significant lowarins 

in t h e  quality cf d e s i p s .  Thct t h ~ ~  is i;olitical prcssurs  tc make it 

appear that projec-t benefi ts  are to be widaly d i s t r i b ~ e d  is an aggra- 

vating factor. Uric&- thcsc circumstances it w ~ u 1 4  be d i f f i c u l t  to e n m e  

that t he  availability of wzter, t h e  size of imigzblc mea, c m p  pattern 

and the water allocation plan, arc at least mutmlly consistent, n o t  to 

weak of "ef f icicnt " cf q'opt i m a l "  . 

133. Such defects in rlesiq are ccmpounded by difficulties in enfwchg 

the plannel  crop pat terns  (in terms of 'mth extent of area under d i f f e m t  

c m ~ s  an3 t h c i r  locztion), Mcs t Tnc?ian canal systems are characterised 

by a shortage of wtcr rela+tive to irrigade lane, The r a i n f a l l  relative 

to crcp water ncocls i s  typically l n w  cver the larger part of the y e a .  

Cvnsc~u~h-t,lg. L i ~ < i  i f>.t L: :I.,* ;-'t C.,X I- t J i r ~ ~ i g a t  i o n  by way of f ncreased y i e l d  

of particular crops and, even more, through shi f ts  to high value crops 

is a This offers o powerful incentive to violate both the cro? 

patterm and the irrigation quotas. The incentives are not - and perhaps 

cannot be - neulralisec! by apprcpriate 2ifferential pricing of water by 

use. The physic21 control dwices arc too cru3e tc permit effective 

ramation of the volumc of wfiter delivered to particular locations 

necessary fm proper rationine of water supply. The c c d  bureaucracy 

h s  in principle a u~x ie ty  cf ways to enforce desired crop patterns 

some of which (like l ~ c d i s a t i o n ,  regula t ing canal., supplies, ancl policing) 

h ~ v e  tc dc~ with o p r a t i ~ n ~ f l  P W Y I C B ~ W ~ S  an? &hers invalve invo kia:? 

46/ sanction. But they dc) not seen to have h e n  used to nrnch eff eck- 



134. Since the a+ailaSlc suypl i e s  zrc inalepate  to w e t  the needs 

of t h e  entire scrvics arcc?, and since the timinj: of su3plies is highly 

unccrtain, me n;rtur:dly expects ccmflfcts over water dlocation to be 

relatively intense an2 wi3csprcecl in t h e  fnclizn canal systcms. Conflicts 

zmw, C i f f e m t  segncnts of t h e  ccrmnan2. (upto the outlet level) m e  

su;lposeil to 5a rner2iate:'l I.y the ccmal 3ureaucracy. There is no m e c h d a ,  

in the formal framework by which users interests an2 rjperationzl consDr. 

c m  L?c m<&c to confront each oth= and comprmises evolved. Hhen n u t M  

fail sn? usors mc disaffected, extra-institutional channels of influme 

pressure are inv~lved . 

135. Reduction in t he  arcn cffectivcly irrigated is one way by w h i ~ h  

the conf l ic t s  over water allccztim seem to be contain~d. This hapas 
\ 

not sa much by desipn as by thr: head-reachers exploit-iny their advan- 

taceous lcrcztion. We hzvc one instance where the canal managers sought 

to inwhw penzltics over such violzl'cions but &avo up bemuse the latter 

coul,! mus'tcr the neccssmy support at higher levels of govermment to 

thwart the enforcement of regulztions It is rather surpriskg that 

this hzs not Pa? t 3 k s e  at the peri::hery and the tail e ~ d  to m o m  a 

48/ sustained and orgzniscd e f f n r t  e~ scek redress.- 

6 The rcrhction in i r r i ~ a t e d  amea c?oes nct nf cc~urse eliminate the  

wconfbic$s'r over wztcr. A~ain not much Is known about their nzture and 

magnitude, whtyre they occur, how they manifest thmselves and how thdy 

get resolved. A l l  wa know, in a general way ,  is t h a t  water is diverted 

fk.orn car,als an< charnels in viulatim of rmles. Some times with the 

cmnivznce of o f f i c i d . ~ ,  samctirncs duc;: to other ne~.ligence and, on 

occasion, despite thsir effljnts to enforce the rewations. A p e  fm 

tho loeation of the channels (upstream channels can g ~ t  away with 

+tiol;. , tiong' more easily than tail ehders 1, the cability of a p u p  .& 



t o  hf l d h ~ ~ c :  t h e  c T f i c i ~ l s  trrw ~ g b  i ,crsuzsi~n,  a consideration op 

by t 'political ' i  ;?rossure, seems quite important. 

137, WE know~cvzn less &out t he  wzy allocations b~1owtheoutZet 

are manace2, In Noxth India, a system af mitationcd supply acc~rdinp,  

to  crfi;pWl ax;: to be manal;eC by users, but backed by lzgislatim znd 

administrative support, -was 3ntrrduced ir: the lath 19th century and 

seemstc 'n,:v~! &come ti general practice in a l l  systems. In other parts 

of the ccuatry they have 5cm slow to develop. The field channels me 

nct c o n s t ~ . ~ c t c d ,  =mc1 t h e  .distrj.bution below the cutlet seams anarchic. 

Wing the lzst dccar1.c or so, a mnscicus effort has bem made, 2s part 

qf the C m n r l  Area Development P r o h ~ m e s ,  to img~rovc the field distri- 

bution system both in its zhysical anc? r;rk:znisaliunal aspects. The 

introducti.cn o f  G rot~Tic:niIZ system withi ,> the Camand area of each 

outlet  in a11 parts of the ccuntry is recej.ving serious at tent ion.  This 

h2s I~?go3 y bi 23 ax t h;: .::I :-LC +.ivr. ~f t hc  , Stzte though more  spontaneous 

forms cf comn~unity cffort have 531s~ been isported (Haskim A l i ,  1980 , 
m a i ,  

Jaysrsman/Si.ngh - 191j0), It hzs been suggested that the allocation at 

this l eve l  a m  biassed in fzvow of the larger 2nd more 2owerful land 

owners ( Thcrncr 491 b., nu$ a detailed study of one outlet in t h e  

&&a system (v,-,ndcr t'clde , "177 0) suggests t h a t  when water avzil2ble 

r3t an outlet is inadoquzte in relation t c l  its cornand area, raticning 

seems tr: take place eventuauy in the basis of the location cf p l o t s  : 

Those closer to the outfct ~ r t  more water and more assured water than 

those at the tail end. However, tile ?resent s ta te  .jf knowlodge on t h e  

management of all.acati.nns mC conflicts a t  t he  fie16 level  is tuc 

rmdimentory to permit any genbrali sa-tion . 



138. In d l  these res;lccts tho s i t -mtiqn is far f ~ m  strz.tbc. 

S i p i f i c ~ n t  c h a n ~ c s  have t&cn  >].ace both in thc c,:y:?nit;aticri and 

techniques af water m.>nar.onorrtr, Wo haw almady rof orre2 to the 

example or" the Smarlir canal. where t b  intrrGuction of the gov- 

canal socms tc hzvo d i s ~ l a c e r :  ~:r?cr-cxisti>g local systams and the 

i n s t i t u t i ~ n s  associate:? with than, Thc: cans1 s y s t ~ m  r,S tbc  Deccan, 

w h i c h  w e r e  c r i g i n d l y  r2ss9kna:! for ;>r@tectivo f migat inn but then 

zltsred to sfii~;*crt sugarcane cultiva-t ion . is anc:thcr case in point. 

Tho ccnsc,li2atirm . ~ f  Zanc! holcings in t h e  n ~ ~ r t h  west India Iespecia129 

west UP, Haryanz >mr! Punjab) ~ n r ?  the akf i t i i )~-  af z d n d m i  m a y  alsc 

have induced ckan~es , 3ut t ha r t :  nre  hi3~dJ.y m y  studies ducmrmenthi 

than. k.vcrz1 ch;+ngce in L ~ t h  t h e  rzganisztlon an+ in tcclmicpcs of 

water ~ a g e r n c n t  .ax c m n t l y  in p m i  FB. 

$35, In r e c ~ ~ t  tims mcwness of: the nsed for impovcd mter cmtd  

has increaser! 1:r:ssibly as r result of t h e  sgrecid c:f  HYVs (whcss hi& 

potentizf c zmc t  >.e reCalisect withjut  adeciuat o ARC timely su;lply of h*p 

To some extent P k  high a d  r i s b ~  cssts uf new irri~aticn deve- 

and t h e  foct th&-;t in some areas the scope for extending irrigated aw 

is reaching, ?th l i m i t ,  time 1:erha~s helpec': to s h i f t  attention tow& 

more efftct iv~ use ~f c v a . b l c  supplies. The encc;uragmt cf @ 

water  us^ JE the cllimnri area cf eanc?la -+ which was e r i l i ~ r  prohibitdm 

is a mjw chtmge. Xt has enaklo.! thr;: afFcctive supsly cf: watep in 

the  canal irrigated areas to be incxase8 mil at thc st- t h  given 

fmners wester cL.ntrcl c;vcx9 timing anti volume of apylicaticn.  Tha 

other wortat ikvelcrpmezt is  he estaklislmcnt i;f the C m m d  &el 

Dwel:)pmnt Pm,erames aixc:d st increesing the efficiency 65 wter 

use by imprcvir,g t h e  physical facil it ies,  planning of crop pattern 

and water deliveries rm the bas i s  of more careful studies of soil 



cclnditions, irrigation efficic~icy zn:! cm; w 3 - t ~ ~  nead, and intm.-. 

duction of new systems uf w a t o r , d i s t r i b u t i o n  Loth Satween different 

p r t s  o f  the canal systtm m e  r ? m : q F  fimws s c v 4  by a pculticulzr 

so/ outlct .-- 
140. These yjri;pmes hzve not ;rlcccmplishod d l  that they set cut tc: 

kjor  changes in the basis 35 regulating Eistribution of canal water 

has GFGVQ~ di3EEicuJt even where they have becn s h ~ m  to faciutate 
{see Wa e 1980) 

wid- shming of available supplies w i t h o u t  reducing yields .j dttcmpta 

t o  bin,? a b u t  imprc7c-cmmts at the user level .  by construction of f i e l d  

charnels, cc.nsolidatim of holdings and land level ling have not made 

lwch headway. The uncertainty of m s  to the -used i i r 0 v e m a t s  

which involve substantial investrncnt, the fact that the e f f ~ r t s  arc 

a h s t  wh9U.y conceiver1 and implemented by state  ilgenciea with little 

user involvmncnt , and the c?r;.mfisorional weakness of the state. apparatus 

a r e a l 1  i ~y~ i~ r tmt  ~ ' ~ n s t r a i n t s ~  Given these ccnstrainta, it is perhaps 

not vmy stqrisinl:  that the response to higher mtms to irrigated 

&piculture has taken the f ~ m  of expanding con juncevw usc cf ground 

watm with canal supylies. The necessary investment for t h i s  purpose 

made mostly by the b~t t er - c f f  farnlcrs w i t h  the smaUer, less-rich, 

cultirat ors buying water frm the former. mfle t h c  distri- 

butional cansequencesc~f these changes are a matter o f  legitimate 

m m ,  the relcw~mt point 571 the context of the pmscnt 5h 

is that they pr#,wide strcng mirlenee of a2ap-tat.ix-i to chrm?i~~, circum- 

stances, 



139. This paper I s  ccnccyned w i t h  t h e  msnx?er in which t h e  prificipzl 

functions of watcr control are org,nr,isc?, t h e  mascns f o r  vwiatiar, i n  

t h e  form and structure of thes*  o r ~ a n i s a t l a n s  ,?n(,i t h e i r  r d a t i o n s h i ~  

tc ? p i c u l t u r n 1  productivity :~.nci 2rc.yth ., T1li;se issu~s clrs sxarnin~d i n  

relation to nwo-cline t 2c: c o r ~ d i q i o t ~ s ,  tczhnolcgy, and t h e  sociu-econwic 

cnvjlronmcnt which a m  alsc: arnor?~; t thu i r n p ~ ~ ~ z n t  detarminants of agricul- 

turczl  yroclacti.on an3 which k?t t h e  s a m e  t i m e  def ine  t h z  context in which 

watcr cont ro l  organisarions functionl IT draws libcrzlly on t h e  availihlt 

material cn watar contracl organisations in d i f f e r e n t  parts af Asia to 

high1 ight scjme of t hc  c ruc ia l  i n t e r - . r e l~ . t  ionsh;; ,s mong rhcse aspects, 

940, Ezoiaal l ,~  tF.1 ncod fo r  w-.ter cont rc l  ariscs because reinfall, 

which in t h e  ahscncc at L r r i p t i o ~  is ;wacticalf.y tho only scurce of srll 

moisturc, may excekd or fall s h o r t  of crc:;) wstcr rcqukrements in aggrtlpte 

terms. M m u  imyoH;mtly thz i r  relative d i s  tributiun over the wowing seam 

m y  not ccrincide. Thc function of watcr control is t~ make the  two' 

coverage an? tlsc trj make f o r  wester asswmcc;. in w2ter supply. This 

involves i r r iga t i rm t:- mqke up fo r  rnoistum Ceficits in most cases but h 

s m c  situaticjns flood control znc! d r a i n a ~ c  to removc: excess moisture is 

j us t  as important. 

141 Water control fc7cili tics hclp incrcasc y ~ o d u c t i o n  by making it 

possible to m k c  ~ O P C  h t c n s i v c  uzc sf arablc land, ~ a r n i t t i n x  a wider 

range 05 cm2s t o  be grown '-md a m b l i n g  p l a n t s  to use 3 larger valme 

of n u t r i e n t s  more efficiently* The quality of water contrrjl relevant 

from t h e  aj:rlculturcal viewpoint crlnslsts essentially in t h e  capacity t a  

regulate wntm a p p l i c a t i o n  in i!.ccordance with soil moisture status and 



-pat re~uirenents. This ta c ; i~y  ~ l j r  a function of mnagement 

which hzs xo operate within  the  Limits act  by the physical design 

d the system and the way cuf t ivat iun is organised .-- NeiTher, o r  t b a a  is 

wtaaable t o  easy or rapid modification. Forcover, the magnitude of pro- 

Mion depends ~ o t  only on the quality of water control but is ~ o n d i t ~ n e d  

tg an important degree by climate, soil conditions, genetic potential 

ef the  seekand the articwt of nutrients actually applied. Economic factcrs 

md lwd tenure are clearly relevznt he~e. 

1112. Water control involves twu diqtinct ,  though related, functions: 

lee has to do ~ 5 t h  plannine, desim and construction of the system anCt 

th other with its operation. The organisations for carrying out these 

hct ions  differ in several respects of which the r e l ~ t i v e  roles of users 

as df stinct frcm t!it! State, tba  extent of x eliance on bureaucmcy and t h e  

b p e c  of cerrtrslisation have attracted most attention. These differences 

h f m  ncwevm seem to be 1zrg;cly conditioned by system chamctmistics 

ad by the manner in which they evolveS. Ynus all over Asia community 

imlvement in, and contributions to, system construction has been most 

n e t i c d l e  in small, relatively simple Local systems. It has been high 

1180 in the extension and impr~vement of pre-existing local systems. 

ht large systms covering extensive areas tend to attract a high degpee 

ef State involvement. One i r n p ~ ~ ~ m t  reason for the relatively p d n e n t  

mle of the State in setting up water control systms in south Asia 
prominently 

emparled to cast Asia seems to be that largo storage systmsf4:urr* m o r e . i  

in the former even as relatively small, local systems do in thc latter. 

This cannot however explain why China has been and continuous to be able 

te get beneficiaries to contr ib~~te directly a major part of project costs 

a l e  in India dmcst: the entire cost is m e t  by the State, 



143. n ~ f f e r e n c e s i n t h e s i r , c ~ n r ' , c h a r a c t ~ r u f  sy~tmsarethe 

cumulative result of varying ape-cJimtic condi t i~ns  (which have a 

bearing on the kind of works needed and also the range of options 

avzilabl;~ 1 ; the evolution of techmlo~y of design ad constmrclbn 

(which affccts both the kind of wcjrks which are technologically 'm 
at a given time ane'their ccst); as well as the scope for and retmt 

to investment in d i f f  ercnt kin&.-of water control d o r g .  with other *uM 

of raising produ;tian, Thus i n  east Asia, the frontier of e x t m h  

cultivation seems to have been reached much emlier than in s a t h  Asia 

and hcre23~hg yizlds 05 paddy, the dominant crop, was contlagmt on on1 

c o n t r ~ l .  Awa-climatic conditions favcwod the canstruction of lccaf 

works, and much of the expansfon in water control came by way of 

and interntion of: pre-existine; 'local systems. Improvements in bio- 

chemical technolon?, which raise returns to irrigated f&g and 

for k ~ m v e d -  water control, sr em to h ~ v e  0cc-d earlier and p- 

further in east A s i a ,  fn south Asia,  until recently the cultivated 

conthud to e:Tand more or less in step with pupulation. Significant 

expansion of irrigated zwea had to w a i t  till the necessary tecbW 

for  co~slruction of large storages and reducing the costs of pufnphl 

p u n d  w z t w  became ava;El&&e. The advent of large storages alao  

a high depce of State inwjlvemont in constructiun and financing. 

4 4 .  The opwation of water c ~ n t m l  systems i m l v e s  mtiinten€mC@ 

of physical facilities and regulating the a l loca t ion  o f ' w a t ~  mpl** 

and users in such a way that water deliveriesp at particular mation ch 

be made to match water requirements of cmps  at that location, Again 

organisaticml form is to some extent detsmined by size and ccaapleXitJ 

of the systerr! and its evclution: Small systems generally tend t o  be 

mznaecd by users without usual outside intervention. User p m i c i p ~ ~  



rani: ; high even in modemte c , j  eefl mgl - t  2 - c h m  l ty systems when they 

have p;rcwn out of ?re-existifig local syste?..;, In l a r p r  canal oaystems, 

bureaucracy is inevitable and a hieh dep;ree of centralisation is necessary 

for purely func t iona l  reasom, especicllly when szveral sources cf water 

have tc he upmated in a cr~arrlinated fashion. The I n d i w  canal system 

being very ex+tcnsiur: in scale and having been s ~ t  up by t k  gcvement , 

bresultad in a: centralised organisat ion manr~ed by the St lrts bureaucracy. 

There arc instances, mostly Ir? east of Asia, where cumplex farms of multi- 

tiexledorganisation which combine a high ddgrce  crf central coordination 

with active user invcllvement- in mm@ment. But these systems are in 

general much smallcr than i n  India  an$ uswcommunities had been actively 

involved in setting the19 u2. 

1 4 5  A 1 1  multi-user systems have to face the  problem of conflicts 

m g  uscrs t~B3.c?, 7 7 ~ i . 7 , :  cq,.cy the c o n ~ r i b u t i o n  each one has to make toward 

system maintainonce and, 1noL.e requ~nt1.y~ aver the allocation of water. 

Partly because of the complexi.ty and uncertainty about y ie ld  response to 
user, wate 

hdgztimi,  a114 pa~l-t ly  because they Cirectly affect incc;me distribution amcng 

allccationc are seldm deTemind by the mrket mechanism or t h q h  

prices. Physical ra t ion ing  of area and water are nearly universal. In 

the case of traditional lscal systems the bads of allocation,having 

wolved by a process of acccrmnodstion and compromise among t h e  users, 

camads fairly ~eneral  accaptance in the community. Even then, them 

are cunflicts among users i n  times of s h ~ r t a g e ,  These m e  handled 

partly by q p l y i n g  acceptsd principles such as differential water 

rights, rot~t i i rnal  s u ~ p l i c s  2nd area adjustments, supported by sanct i~ns  

@aidst. violation. T33ese are also well established praceams for 

settling disputes, Eut t h e  implied consensus and f m e  of custom We 



not r3ways suX5Lc3ent tc ~ - : ~ ; > t h  Iynctioning sf such systems* 

There are crccasiane tthcn the help cf othcw. centres of authority is HS 

Traditionally there secars tc have been a clcse connection between the 

land tenure systctn and watcz* contl-l managem~nt in local systems witb 

daminant h d m c r s  in +Re commit- playing a key d t 3 .  But lad om. 

is not the only basis of such au tk r i ty  5.n iwYF5gati~n organisati~n, ?L 

hf ,wealth an9 influence in the c w m i t y  concerned may be involved lh: 

or 2nd3rectly in the im?igaTLon ~rganise thn ,  or the ir  authmiq cllk 

invoked when necessary When the alLocatiun rules of a system am s8 :1 

to be changed s i g n i f 5 ~ 5 ~ t l y  intementhn By cutside atxthm52y i6 &M 

essential during tbe trcnsiticn. Thins may be a juridical  authorltpw* 

the cr~aisation m interventinn by a higher poUtic33 t-authmity. A 

have well dccumm~ted instznces ef the latter in China w h e r e  s~lce@ssN 

mudemisstl.nn is FP:.~?I tr: ~equire active involvmont ancl strong ledm 

of thc Emty Cadres. 

146. ln large canal s y s t a s ,  of the kin6 seen in  India, the systa 

design an6 water aS2.c-tion rules m e  often decide5 by the project at 

witbut consu l t i r~  the  users. The dosign i t s a  is based on c ~ d  :- 

ptiona 05 extent and location of arm under as-t c"ops sad withh 

limits s e t  Sy the d e s i ~ n  (canal capacities, central structures etcl 

the operztional d e s  scek to cw~dhate  water dalivcrfes with cmp 

water needs. QaCte apmt f~cm the ~ c h l e m s  posed by defwive  desit+ 

which are quitc cc~mon, such situations give use to a doubie conflict 

me between us- and the managment 2nd the ather ammg the w e m  

The ccnfl9c.t: potent ia l  is increased when t3e  available water is bb 

quate to meet the ~equirem~ts, and , ... . - crops ~f very d i f f d .  

wafer needs and ~rcductivitics a m  g r m .  The Indian canal systemnlrr 



sought t3 manage this pr:oi.f ew .LE:I~cu~;I centr.llised mmagcment by officials  

mned with ekborete sanctions. But in reality this Rcentralisation" 

has been Izrgely ineffective: The cenal nfficms are unable to exercise 

their authority and enfc;rce the regulation against head-reachers who 

exp3crit their advent dgaous locat ion  with virtual Impunity at the ax?enses 

of the tail-enders. N G ~ ,  interestingly, have the tail-enders been able 

t o  dc much by way of w g a n i s i ~ g  countct. pressures. The question of how 

irrigation arganisaticns relate t c j  usmrs , and how bath are "art iculat edqk 

with the wider y c l i t i c a l  authority is therefore an imgortant issu?, 

147, The "ef f ectivencss" of irrigation ~rganisation , and in particular 

of wcler al locat ion procedures, obviously cannot be judged by i t s  fcrm: 

There is nc necessary cmnactian between bureaucracy and centralisation 

on the one hand and system performance in the ether. Organisational chars- 

ctwistics are themselves conditioned by the nature and scale of the 

system. The y u d i t y  of w,qter ma.z2gcment in any case depends not only 

on how well it is organised, but also on the physical des ign  c.f the system. 

h o v e r ,  the.cmaection between water management and yield being determined 

by a complex of factors, including rzinfall, bio-chemicel technology and 

land tenure, is not  easy to disentangle. Tha more so because all these 

elements are va~ierble bver time. 

i40, A more fruitful,line of approach would seem to be to view i r r i ga t ion  

oqanisation (which of course includes its water allocaticn proceduras) 

and the physical design cf the systm as beine in a state  cf mutual jnter- 

acticn both beinq suhjcct to the influence of cbxmgcs in zpiculturzl 

technique, land tonure and Frlces. The way a system is designed in effect 

mflects the state uf knowledge, techniques skills, and prices as well as 

the intorests  of t h e  varicus p u p s  involv9d at that time (the fatter 



including not onl) ths +tenxidl  users oi thc system but also thosr: 

which oreanise and f irlance t h e  construct iarl) , Since  designs are based 

on l imited and ~ f t e n  errznec us understanc::iny ~ a c l  fac t s ,  the planned 

ollocaTians are nt  best ayprcximate and, not  infrequently, defective. 

The effective cornmarlit zrea, t h ~  err? p z t t c m ,  as w e l l  as the  c;pcwticnal 

rtitas pet modif i d  in fact, even if n o t  always f r ~ m l l y ,  ir! the l ig l j t  

of actual expcricnce rey,arding water availability and its seasonal 

d i s - t ~ i b u t i c n ,  crop water needs and the effects of varying water (under 

p r e v a i l i r , ~  agricultural technique) cn crc2 y i u l d s  u n t i l  a certain %qG- 

' l ibri l~~n''  is established. A t  this stape any hiatus between the eystm 

au thcr i ty  's ohj  ectiv~s and t h e  users i ~ t e r e s t s  have also trj be sort*tcc! out 

whe-ther by conefnsuscr fiat or by users in t ha  upper reaches assertinp 

thcix; locc-tional advantage. 

149. This posi-tic;n e m  ?#e Xsturbed  fcr any cdf a number ~f reasow: 

Othcr ;rcups m ~ y  b q i n  -TO :a,. 111~: ssElrnc source (by cxtendhg  existing 

canals o r  hy t ak ing  out new onrs fron th l :  smt? rivcr) thus leading 

svoner ur later to shcjrtages and conf lf cts , Nqlectine to nlzintain systen 

f ac i l i t i e s  m a y  raduce c f f ecs iv~  supplrcs and ~p~rzvatc confl ic ts .  Cqan- 

sion cf the market f ~ r  c r q ~ s ,  intro:luetion cf new crGp species and 

varieties, irpgrc?vements in cultivating technique ( including new tec1mip:s 

r,f i r r iga t i cn )  , a s h i f t  i n  thd p i c e s  of crcps relat-ivc tu i npu t s  - 211 
these m2y in3 iv iduaI ly  and collectively increase the pc ten t i a l  returns t, 

imi~ate?  agriculture. Chznpes in lznd tenure znc! taxation moy alter 

the  returns which t h e  actual cultivztcrs f:ets from irrigated farming, 

If there is no chanty Phu systml or allljcation y r~cedwes ,  thesc changes, 

in so far zs they increase t h e  po t en t i a l  re turns to watex,couLi apgmv:t~ 

conf l ic t s  ovcr allocdTitn,  



150. It wculd seem natural t h a t  when conflicts over water in a given 

ayst~rn Increases, whether as a result of over-extension of the caman6 

relative to s q p l i e s  or because wzter is becoming more valwble, attempts 

will be made to chance npera t ionol  proced~res an6 to makc minor modifi- 

cations in tho ~-jhysical facil it ies wi th  a view to reduce waSte and faci- 

litate a more equitable shming 09; available supplies, Gut this pmcess 

has definite limits beycnd, which further impr~vements in the technical 

efficiency of irrigation and in t h e  ragulatian of the volume and timing 

of imigaticn requires major modifications in system desim (involving 

such wo~ks as integration, of intakes,  increasing water supply by con- 

a-buctin~ new storage and/or tap:\ing gr~undwater, r o d e s i ~  cf canal and 

brainage networks, and lane imprwement) or introduction of improvements 

(such as Land c o n s ~ l d a t i o n  and l eve l l ing ,  :letter techniques of water 

applicati~n) whicf: raise i r r i ya t ion  efficiency. All of t3is involves 

addit ions5 investmmt s . f ht= x i i l i n ~ m c s s  c-2 bmef iciarf es t c wdertake 

these investments c..r to cmtribute to the cost depends as much on the 

mll productivity of thcse investments relative to the  costs involved 

as 3n their percezition of how the changes in system znd its opemtiotEal 

rules will sffect t h e i r  'individual interests. 

5 1  Xn so far as changes in orplanisation and its operatlcnsl procedures 

a ~ e  essential to get the msst out ~f these system changes (in terms of 

dditionzl output), the two cannot be disscciated. At this point again 

I difficult  an2 time consuming process of securing - through persuasion 

or pressure - thz users to accept the orgznisatimal changes is invariably 

h l v e d .  "Even as procedural changes cannot go beyond a point without 

systm modification, ins t i tut ic ,nal  changes must smner .or later accompany 

system chan~es , 



1 5 2 .  The f e w  studios & t h e  evolution o f  irrigation $gstemr and 

their ~ r g a n i ~ a t i ~ n  which we have broadly fits the  abcve view; b r t  

of them however relate tc the relatively small irrigation systems of 

east h r i ~  which have grown by combining expanding and improving 

pro-existing local systems. The pace and character of thene:cbges 

however vary a great deal, anrl not much can be said with confidumcs 

on 'the masons for those variati cns. Further, there are  hardly any 

studies of the chan~es  which have occurred, and are occurring, in the 

very different and much moro varicd , i r r i ga t i on  systems of south, kaia: 

~he"reasms f o r  t h e  apparent faf lure c?f traditional tank imigatirm 

systms to respond tc changes in cultivaticn techniques and priaeo; 

the d i f f  srence in response between users (in term8 of cmunitp orga~i. 

a d o n 8  tu maintain lrjcal f a c i l i t i e s  and allocate Mate2 within the 

: abmmunlty) to introrluction of cznal irrigaticn in woas which -4 

had lc:!cal syertans , an2 those 1 hich had no p r i m  tradition of irrigatilrl 

the manner and speed wi%h which users in :,df f f e ~ o n t  eehments o f  a lar&# 

carla1 system respond clrgexisatinnally to deal .with the alloca%M, p~aM:  

the  diffo~encos i n  response between areas with gmund,water and thwe 

without as well a3 between areas experiencing high =to  o f  technical 

improvemmt and those whieh have experienced littla ;? these seem arr am 
see 

of the  issues whichh&ghly promising subjects fo r  systamatlo inwhti- 

gation. 



h first draft of this paper was prcpamd in 1982 during my stay at t h e  
Institute of develop in^: Ecmomies, Tokyo wl~era E spent c l g b t  mcrrths an 
z Visiting Researcla Fellau, I. would l l k e  to thank the I n s t i t u t e  f o r  
the Fel.l~wship and t ? ~  staff cf t he  lnt ernat ional Exchange Depsrtmerlt 
fm their kindzcss  and h o s p i t a l i t y *  3 owe a special debt to Ur.Hayasbi, 
Mr.lto, and Mr. Talia of t h e  United Eations Onives~ity Project a t  t h e  
Institute, M r .  H . Nakamik~u of the Area Studies Deparrnent for  introducing 
*e t o  some leading scholars in t he  fieEd of irrigation and water mnagc- 
mat and for orgazzising ff e l d  trips to Japanese i r r i g a t i o n  projects. 
Besides persilnal discussions with several scholars, notably (the late ) 
Prof. Tarnaki , Prof. I. Ha-t-ata, ?rof . il. Dkhemota ,fJrcf . Y . h~yami,  Prof. S . Ishikava , 
Br,R.Kojir1m 2nd Flr,H.Nakar,w~, I have had the benefit  of comments on 
the earlier draft present c.t t w o  seminars one at t he  I n s t i t u t e  and another 
a t  a small ~ o u p  of scholars in te rcs%d in Asian development p r ~ b l a n s .  
My thacks  m e  alas due to Mridui Eapen far her reaction .ca an earlier 
draft and 'to Mursleedharan an2 Suresh,  itho d i d  most c;f t h e  typing.  

Part 1 - 
1' Maox hod supei:sti.rl t h - t  "c imr'c w d  territo i a l  conditions" made 

a r t i f i c i a l  i r rzga t ion  by ce~nis anti water works the basis of Oriental 
agr i cu l tu re ,  And "this prirae neccsd it:+ of an econorr,ic.al and ccmmvn 
use of water which, i n  the  occident drove private enterprise to mluritary 
association as in Flanders and Italy, I I ~ c e s s i t ~ t ~ d  i n  t h e  orient. W ~ E F @  

c iv i l i sa t icn  was too low and t h e  t c r r i t a r i a l  ext~nt too vast to oaU h T o  
life valuntary association, the ir,t crfcrence of the ccntralisizlg power 
~f the Goverrirnent" (Marx, 1855 c i t e d  by Hi t t f sgc l ,  1957 a,rl Chi,1936). 
In re la t ion  to China, Chi  intcrpruted the comment about the  Ilow level 
of c iv i l i s a t i on  in t h c  orient' in terms of the tenCency of the r u l i n g  
' l a ~ r l l c r d  bu~c3ucracy~ to n i p  the gruwth of merchant capital i n t h e  
bud by declaring 'every important prnfitable cntcrprise as a s ta te  
monopoly and zhscrbez t h e  t;r&ryonic merchant class into their ranks 
if it were felt it WGU~C! bo uqsafe to disregard itp ( C h i ,  i936:71). 

Weber argued ' O w  . . in t h e  cultural cvo lu t i jn  of Eeypt , x i s t  Asia, India, 
and China, t h e  question of i r r i g a t i c n  was crucial. The water 
question conditioned th;. existence of t he  bwaucracy ,  the compulsory 
service of t h e  dependent c lasses ,  and the  dependence of t h e  subject 
classes upon the functioning cf the  bureaucracy cf the Kin,?" [Wuber , 
1927 citcd by C h i ,  1936:73), 

31 - His idczs are set c'xt in ;* series of wcrks t h e  first of waich appeared 
in 1926 and culrfiinati;i! in rhk b o ~ k  e n t i t l e d  'Orientel Despotism: A 
compa~ntivi: s-tudy of toss1 po%urq. (1 95'7). The latter volume provifies 
a resume of the  evolfiticri of Wittfogei.~ ideas on the subject znd also 
'tfisir antr=ceLciit s , 



2' Leach (1961 1 formulated tF.e pers3ective thus: Yhc material 
contaxt of societjcs is not merely a passivc backcloth 
to life; the crmtcxt itself is a social pmduct -and is itself 
structured the pcoplc w?,o Iivc i n  it m u s t  cc-nfqm to a wide  w e  
of rules and I imita t icns  i n  order to survive st all, Ever 
anthrc~poligist needs tr.?,start put by ccnsiderkg just b w  ~mch of 
the culture with which he is faced can nc:st readily he under 
as a direct ailaptet i ~ n  tc, t he  cnvironmcntal c ~ n t c x t  inclcluing that 
part of the contoxt which is man medctf (Leach, 1961:306), But 
the pers?ective is nct univer6tzlly acceptad and as L~zch eoes m 
to pc.int out "Khile evcry sccial acthrupolo~ist reccpisos that 
societi~s c;xist within a r;lattzrkl cisntext. ,, tco many autho~s treat 
such things as nothing mere thzn a ccntcxt useful cinly for a 
introductcry chapter.'' (I$idk) 

Of thcsc,  i<el lyqs study of t h e  evclutim of the Aka river system in 
north Japan spanning r3 p ~ r i c d  cf nearly 3 centuries ( f m  its incepthn 
in 1600 to 1870) is pcrhzps t h c  most detailed. Far 3 mcre g e n d  
treatmant 05 h i s t m y  ~f i r r i g a t i o n  in Japan, and itY relation to 
evolution of land tenure, see Hatate (1978). 

Tor a u s e m  and non-technical s-ry of the present state caf 
knawledge on the role r,f t ::tm i~ plant. gmWh see hkshinamurti etadm 
( 1973 1 an.!, Carruthers :?nc; clark ( 1 980 .Ch. 2 ) . 

2' The determinants cE ET end itc re la t ionship tr c r q  water necds m 
ofc~urse cgmpl~x thar. this. There arc also pany controversial 
cnd unrewlved questions. However, for cur p q c s e  it is appropride 
to focus on t w r  basic prcp~sitiuns which are ncre or less yenemUy 
accepted, namely, that: maximum cnnp-wctkr needs zre 3 functicn d 
evapo-transpiratim znd tkt t h y  d., n ~ t  v ' y  much c:ver a wide raw 
of fie16 crLpa. For an idca cf t h e  nature of the other  influences 
#:?n crrq water needs see Wiesner (1970) '~tlrmrthers and Clark (3980) 
and Dakehinzmurt5 @teal (1973). Ffir a discussim of the deteTminarrcl 
of ET r f i ~ ' ~  tlk? pr(~h1erns sf mcnsurcment WE! Weisneir (1970) and 
Olivior {I961 ) . 

3/ In the subsequent discussion we do nut a lwys  distinguish paddy fia.. 
rjther crops. Paddy is unique among f i e l d  crops in. t heat it needs. 
substzntial smc.unts u f  wztcr over and a h v c  Trr f ~ r  keeping the field 
submerged and for :puddling :and transplant& ifin. Percclaticn losses 
from psecly fields zlso tend +tz be rchtiveXy hifih. This does not pst 
a serious d i f f i c d ~ y  whan coqar i snna  are made between countries/ 
systems where paddy is thc doninant cropb But in comparing systems/ 
regions where paddy is. p c m  sl~rsg with eher  cmps in ieigated 
and t h i s  is guite c m m ;  in south Asia thcsd diffcrcnces in wa$er Wo 
of paddy anr! c t h q  crops become inportant a d  nee4 tn be explicitly 
taken i n t c  account. 



me pattern in poninsr;lor indi:: Is bmai Yy simf lar t c  t h e  pattern 
shewn in f i ~  -1 a Howevw the r a k f v l l  c:vcr, ilu~in;.: the monsoon is 
inadequate to smtain pac:i?y cultivation whclsij waem reguPrc!wnts, 
for masons c i td ,  Srw cxcccd ET. In ! =iG repkns  {like h j a s t h  
tmd M.W. Indid ;?ainfzU. is mi5 u a l y  be1~w LT , 

See fur i n ~ ' i ~ n ~ i 2  Lovine ( 187 2 : 53- 54 ) . lie cirjrs cijncruti! oxamplea from 
the m t h  cast asin t.; s5ist1 ths r r 2 ~  v ~ r k b i I 3 . 3  k ' o v w  i m i p ~ t k n  
efficiency * (measurer] by the ratir: nf the actual, aimmt r,f water n e e d  
by t h e  cmrp cn t h o  f l e l d  to t h o  amount ;)F wztuz* GIvc?rt.uc? ,-~t the wurcc 
of thc  sy~rcm). This r z t l c  ranger! hetween 25 and 908. These <iffwerices, 
Wino poin t s  out, are palYt1.y a ~r-ttex* of the way thr? system is dcsi,gned, 
h d  the soil ar.d topogp?hic condipions in the caimmc1, but ixtiturims 
Ic!r w h a t  h d n e  m L l s  gtbs h n  olemen:: 3n w t e ~  crrts)ia also 
an irngmant factor. Levine ornphssises t h a t  we k n x  to., l i t t l e  
'about the re la t ive  importance of them two E R C ~ O F S .  

1' This account of the nwin izaturcs o f  th. organis2tiqn of water-cunser 
Qmcy ploenin~:  nnt! cnsotructfcn in India is hast!? on a vaxlioty of s o m a s  
hclucling 'the vmiou% five year plans and tha msp~fi of the 3migzticn 
k i s sz in  C kg7 1. 

g' For a crunprehmsive ax: Je to i ld  discussiw of the  cvoluticn of Chinese 
pvlicy in 'the ~ r j s t - r ~ v o l u t i ~ : ~ n ~ r y  ye~iod sea EJisRimum (1 971) : 
Yerroeer (29.77). Gmcz !I979 1 p d d s s  s detzi1.& zccount c% devebpmmts 
in i k  Y e l l o w  river basin. Ha have drawn heavily cn these srjurcss, 

i' A nunber c1f ;isscriptior.s of  thi. post-wzr lane i r@~~vment  pro@?anmes 
a~ availjb$e, . see frJr k s t m c ~  O g w c  ~t .a1 If 963: Chs. 12. and 2 0 )  
Bishikawa' t 193 1 1, 

Sarildl Raj i i  (19411 113-120) ph.ics a b l l i ~ f  r~view of the situation 
h ! k t a Z y  Grefme the a<?vent cX ErZtfsh d e  am3 Shemaf te~  uptoatbe 
md d the 19th centmy. 

S~V-1 boks/p;ipers :lealing with *tw ms-ancy fmnz a historical 
perspective are .:+vailabl~ in En~Xish* Notable 2mn~ these are Chi 
(1936) r Wittfc~sl (f  957) a No&hzrri t 1971) : 2nd Hamshima (190b). But 
except Hamashima and Neetlh~m, these w m k s  ara not c m c m e d  with water 
cqnsermncy ~ E P  sc but its x k t i m  w i t h  ctbr k s m  like Ule meat: 
b which- watm cuntrt,l Ctsvelc,.rment affzctecI the shift i n s  locus of pelf - 
$leal ymar (Chi) p,nd the mlstion between wi!t:er contwl  and the neture 



of thc stnte (Wittfoqel). Nacdham's fccus is on the evolution cf 
technolqm of water c~ntrol hut pruvi,ders some inforrrk~ti lx on the 
orgamisational aspects also. These wmks een;r,?lly " %nC t~ conc;fi- 
t r a t e  on larger wcrks, Thcrr: are nc ~letaile;? accounts of the con- 
struction i;nC cpar:2+,irjn c , f  sw~1. l  systcms: We kwv~ gioccJ. together 
t h i s  i n f ~ m a t i o n  frrm wurka rs lat inp tu Iccal government in the 
18th 2nd 19th c~nturics  (Hsiar, 1960; Chu 1962; ?mc! Chi, 19361; WP*' 
is cne of t h e  few w ~ r k s  in Engl i sh  which is cfinccrncd with watw c a -  
t r ~ l  and its relatian PG the wiser pol i t ica l  context. For an 
cmgrchcnc iw review uf t h e  histl~rica3 e v ~ l u t i o n  mtl contempmry 
situation in respcct of construct i i ~ n  ml.1 mana{:eri~lcni of wztw contrel 
wmks in China see thc authc;rfs *Organisation and lculagement of H~tw 
Control in China It;; he published by IDES Tokyo, 1983). 

2' See £PP instance the  f u l l r n i n g  account of the constructicn zf the 
Granil, Cznal cifd by Chi (1936: 123 ) . "A31 men between the ages of 
f i f t een  and f i f t y  wcre odered to assemble hy royzl edict. All who 
tr ied  tc hide ware ~ u n i s h a b l c  by clecapitaticm., . The labourers thus 
assumbled numbered 3,600,OOC. Then cech Emily was required to cw- 
tr5but-e a child or en c l d  mzn or wcmzn, to prepma mals fcr the 
workers. Five thu~sml?  youne an:? brave soldicrn were crdorcd to be 
arm~d with  sticks (tu me.tain d i s c i p l h e )  . . Toge-thw with secticn 
chiefs  and other a~hinistratt:rs,  the whole nmI~er  r,f people err~pl~yed 
in the canal zmountkl tn 5,~30,000.,.. "At t h e  beginning of the eighth 
month PE the fi.fTh y ~ m  qf Ta-yehts rcim (609 AD) baskets 2114 shovels 
?ut to work; t h e  workers wore spread over several thousand li in a 
wcst-east c ' r i r~ct ion.  After a certzin sectcr of t h ~  work was done, 
when tho workers WWI: C T ~ U T ~ L C ~ : ~  t w c  millifin an2 a half labourers and 
twcnty-three thousand sclid~rs had been lcst" . 

- 8' FGP a dcscriptii,m vf the  historical evoluticm of particular Japanese 
i r r i g a t i o n  systems and the ro le  cf government in i-t, see Tamaki (59791, 
Hatate 119911, Kelly (19801, Shimpo 11976). 

.-?I M of a trltal i r r i p a t r ~ ?  area L'f 4 3 . 3  m i l l i ~ n  ha. 26.7 m i l l i o n  wW 
served by surfsce sauces consisting of cznals (19 million ha,) tank 
(4 .3  mil l ion ha,) and other surface sources (3,5 m i l l i ~ n  k.) (Rclo, 
1979:59). Canals thus acccunt fo r  nearly 70% af t h e  t u t a l  area 
unc?er surfcce irrigation, 

- lo' Thus the effective stor-ice capacity ross from an estkated 12 - 3  b i l l h  
cuhic m e t e r s  in 1951tu 61.7 b i l l i ~ n  cubic rnetws in 1966, The cqlet '  
of irri~ation projects C>R land as of 1965 wcs cstimaterl to mise.the 
tot31 stora.qe to 12Q billion cubic meters (Framji and Mzhjan, 1969, 
~ 1 ~ 1 :  420). 



C I 2/ Chao ( 1 970 : 12 9 1 f i ives th.i f u l l o w i n ~  :-lgurec bssu;: on Chinese sources 

Gravity - laree canals 23.5 31.9 
GTzvity - srniiLl ditches mr5 4342 ) 278. 

261.6 289.2 
182* , aquaduct s 

Farin porrcls and c?ite?les 216.5 82. 
Pumping w i t h  clectric o r  

rna~b~dnical, power 4.2 5. li . 9 86. 
Wells and cth~r subterranean 

sowxcs 34.6 24.5 86+4 34. 

Gustnffc-n 11983:15) z v c s  YKe 'followfnE information on t he  d i s t r f i u t i c n  
of s to~agc  capzcity built $uking 1949-1980 by size and unito of 
r e s p o n s i b i l i t y *  

Responsible unit 
Rcst*vc;ir sizc 10 m Numbers mpaqlty 

km' Hin.of water conservan krpe  r 100 & Pwwr 
!lc:liun~ 223 - 10 2200 300 j 113 Provincial gove~rnen t  
S m ? l X  . i0 - o*l 115 Country for commune 
Ponds , <  nt! Ekigadi; 
Fl~2oiS Rctenticn b2s is. 212 B i n i s t r y o f w a t e r  con- 

servancy C Power 

'I In the ,  m i d  f i f t i c s  , rha r i  were scini 41 mult i.-purposu s t o w ~ c  S m q  w i t h  a 
t o t a l  stc\ragit czp~citjr &Z 2.4 b i l l i o n  cubic metcrs (billion = 10' ) an< 
50,000 small an2 rncdiuui rcsc~vs;irs with an z ~ p c g a t e  ca2aci-t:~ of 1.64 
b i l l i u n  c d i c  metors. I Szsaki , lid : i 3-14 1 

In the early 1975 ' s  , there were send 10,000 l sndimprovment  districts 
a t  1 4 m i  h Thc nv;>rqe LXF thus  cnverocl absut 150 ha. 
h u t :  a t h i ~ J  of them servo? less thrm 50 ha. ; only 2 p s r  cent served 
aclpethan 3,00G hc, There were anly 17 systems scrvinc more t h a n  
1 0 , O O O h a .  (Takeuchi n6 87). 

k t  the time of inde;ionilencs most of the canal i r r i g c t i a n  in the Indo- 
h ~ e t i c  plain consis-te!?. uf r.l ivcrsion works. Amc;ng thc prominent ones 
am the Si rh ind  c3nd ( 0,6  willion ha. 1 Upper 3ali doah (I3,33 m i l l i o n  
h.) the S G ~  cznd (0.35 ni l l icn  k-) Jumuna canals ( 0 . 6 8  m i l l i o n  ha.) 
and the Wpcr Gnnga cam1 ( 0 . 3  millicn hc.) (2ao,l979:24P). It shodd 
be nctec! however th3.c the cvmall level ~f i m i g a t i a n  development was 
low 2nd the 2ulk of imigate(1 mcn was .under small local works 2nd w e l l s .  
b e  Sengupts (1981) for a c!cscrip*ticn of some of the local systems in 
south B i h w  and Hhitccmba ; 197 2 ) for n ficscription of their role 
h W t t m  Prsdesh. 



2' The largest of which is the B h a k a  Nangal reserwir .  (capacity 7.4 
bil l ion c h i c  meters), As of 1979, total storage capacity in the 
Indus and Ganges h s h s  (including m u l t i  pw'pose resemroirs) is @&ti- 
mated at 48 bi l l i on  c&ic meters representing nearly a th ird  of the 
t o t a l  storage capacity cf a l l  reservoirs in the country (147 bill in 
cubic meters). Pmctically 811 the reservdrs fn the 1ndo-ganEetic 
basin were constructed since Independence (Rae, 1979:239-240). 

16' Nearly half the irripateE. area i n  tha Ganges basin ( 8 . 9  million ha. 
out cf 19.5 millicn ha, ) and about two f t f ths  in  the  Induo basin 
(2.4 rniltlicn ha. out of 6.3 mil l ion ha. 1 i e  estimated to bc o w e d  
by grcunl water. More than half the sma i r r igated by gromdmter 
sources is cummtly under tube we118 which is e n t b l p  a post- 
independence phenomenon. Ibo, 2979:59), 

There are an estimated 127,000 tcnks in the area covered by the 
present States cf A n d h  pmdesh, Kamataka and Tamil Nadu imigatiq 
an estimated minion ha. (GOZ, COPP, ) Besides topography, 
the fact that these tracts have a rainfall pattern marked by two 
distinct seasonal peaks (one during May-duly and the other? in Octoblf. 
December) is an im-znt factor facilitating tank frrigzticm. 

The four river besins of south Zndia (Godhavari, Krishno , Cawery 
and Pennm 1 where mc,uncf,vlater resowes are not as h d a n t  as in thc 
n o r t h m  plains ,  only 25% of the imigated area is served by this 
s o m e s  and that too most1.y fmn shallow wells, Of the area semred 
by surface water, over one fifth is under tanks the comparable 
pmporrion for the ,rest of the country being 10% (Rao: Ibid. 1. It ir 
noteworthy that while the Cauvery system is of ancient origin, 
similar rlevelopments Eid not take place i n  the Godkvari and the 
bi shna  deltas u n t i l  the mirl-nineteenth century. 

19/ - There is obvicusly ereat variation in the clfmat5c patterms within 
each Asis. But our interest here is to fmw on the differercet 
between east and south Asia, These d i f f m c e s  seem to us to be vmy 
striking and have an important bearing cm t h e  nature of the water 
control problem. A somzwhat more refined comparison mu32 be b m  
the paddy growing tracts in the two regions and between their respecti 
wheat belts. Our esserrtial. point would however still -in. 
Note that E 3  in the diagram relates to consrwptive use o f  water; 
non-ccnsm2*i~e uses in the case of paddy wouM in effect shift tbe 
mteP requirements curve u p m l s  (but not i n  the same ymportfon i n  
a l l  parts of the  season), Thus basic ar-nt however is not limy 
to be! affected. 



The znnml  d i s t r i b u t i ~ ; ~ ~  ijf rif i -cjff  i r !  somc major rivers are given 
b e h w  : 

. . 

?irn Perccn-t: of  Iinnuai f l o w  by mcnth:; High rate LOW ratc 
-. - --- 

1 2 3 9 5  6 7 F 9 10 23 1 2 b n t h s  B Months % 
-!!#id 2.3 3.9 8 ' 4  5.5 4.8 6,% 13.1 19.9 16.2 13.1 7.8 3.7 7-9 49-2 1-3 9 

- . - -- .- -. - - . - - . -- - 

Source: UNESCO 1978:229, 

Kikuchi on;! Saymi (1979) hart; tri;~? tii show ,cnpirically, hcw tho Ziffer. 
ences in timing and smlc of diff cmnt  kinds of investments (t~pening new 
l and ,  i n ~ ~ c s t ~ n e n t  in nev i m i ~ z t  i cn  , i ~ ~ o v ~ m e n t  of i r r iga t ion  ) in Japan,  
Taiwan, Kc.rca ?AT li;;?inew wcre ccndit ioncd by t h e i r  relat i v ~  c~sts 
and rcturms 3 the! latter bcing in t u m  a functj,nn of technical possi- 
b i l i t i e s  f cr oxt  endint: cu1.t ivztipn 2134 for irrieat ion ; chan&;.;es in 
c m n ~ l ~ - ~ n ~ n t a r ; ,  z s p ~  i-s ~f ::~;ricuLtural technique ; and t he  d ~ m m d  FJP 
apxiculhl-w31 ylrc -luc-ts, See alsc Levin 11977 1 ubservaticn on the 
tirfiin;; rf i r r iyr l . t ip-n  .i rc.vrvcn?s in Philippins an6 T?i)v'm. 

12/ - 
This {bes nf , t  mcln t h 3 t  no thin^ was ::lc:nc: in c,ther oreas. Substantial 
wcrk was r!r:int; i n  the srjuth ( the  constructizn ijf the Krishnn nnc?, the 
Gnr!havqrxi c'.elta systems, t bo reconstruct i ~ n  of the cauvery syst~m 
an3 t h ~ :  remvation c.65 tanks being the majcr cries). But t h e  fact 
remains that the vclume of hvi?stmcnts i n , t h e  r.rth-west h d i a  were 
far r:reatizrl tht3;n ('irywherc else in thc ccuntry . ( S U C  Fau~tian, 1930, 
alsc Whiteccrbe 1'383). 

2w Private in i t iat ive  d i d  play an impirtmt rolc in developing &round- 
water but thic is almist oalways on ilr. inr'rividual basis ,  Group 
activity by farmers sr cy vil lage inst i tut ions to -lcvelc2 i ~ r i g a t i o n  
srmrces elf m y  kin6 f ~ r  the 5enefi-t  sf SCVQL~~I. farmers is al together  
rarE - :i survey in thu 195Cs (GOT , PEO, 1 9Gi ) reported four out ~f 
every 5 ~rivate t m k s  and half t h e  " pucca wells" as being juintly 
ownc:?, i l c t ~ i l s  5x1 tha nature ~f the- joint cwnership are nct available 
but i t  scems l i k ~ l y  t h ~ t  such j o i n t  r.nmershi;, is l imi t ad  tc: small 
grc)uy,s 7f k i r  men. 

23' Thus if fnmlers sfrvod hy a gcternrnent ou t l e t  0,  not hwe ~casc:~nrtble 
assurznce of t h e  v o l m  of w a t e r  they ~ , ? n  e x p c t  'to g z t  att thzt outlet - 
~ n r !  this ccu3.c:! hay:pen due to ' :;vcr-extcnci&r.l cznal systems or def  ~ c t s  
in the cstI~ation cf irr5gaticm efficiency cr i n d i l i t y  to enfcrce 
the planned crop pttems - they cannot Se sube of tbc returns to 
ccir,struct.:'.2: f <;.:l.? c>ei?nel.s sr m a i n 5  land -imp~vcments ,- 



Thus if t he  w z l t e r  su;.ply availi.Alc at zn out le t  is inadequate t o  
meet the reguirments of the entire area under its c m a n d ,  those 
nearer the  u u ~ l ~ $ ~ ~ r e  surer of nect ins  their needs than those further 
away. ~.eidin;;er_/has shown this to be ac tua l ly  t h e  case in one 
north Indian v i l h j i s .  Clemly under these conditi-ons, a l l  farmers 
in the command cannut b2 expctcd to bc equa3ly enthusiastic about 
joint  cE:Fort involved in c a n s t ~ u c t  ing f i e l d  chcunels. 
While the rsluctmlce of tafl ~ n a e r s  to p a r t i c i p a t e  in such 
cffort is understmdable, one would expect those nearer the outlet 
to be more interest&. Whcthcr this is in fact sc 3s a matter which 
remains 50 be Investigated. 

I 25' To quote Kelly ( 1980 : 518 ) " . . . i r i  t)lc decades following the dmain 
period changes in land tenure and . tamtion (striczer surveying and 
zssessment and fixed cash taxes) crt-tcd pressures on paddy landmm 
in the basin, including tb2 Large landholders ~rcviously enjoying near 
immunity from tax demands, A-t the  same T i m 2  the rclaxaticln of admini- 
s-trztive restraints an prorluction and mwketings and land transfws, 
and an increased market f m r i c e  pr~inTse2 expanded opportunities fn, 
prof it from rice cultivation : thc  new !lei ji methods offered the possi. 
b i l i t y  of increasing a ~ d  stabi3sing land pmduct ivi-ty, Water was the 
key then; if proldcms, wP..;ch had p l a p e d  aLI f o w  phases of imigatien 
during the  domain period could be addressed, rice cultivation could. 
viable f m  the smttlf bolder and profi_t:cble for the  large hndlord, 
"It was in thts contcxt and for these masons that a more centralisd 
organisation of bclsin irrigation tasks cncrged in those decades. 
The cooperatives on s c v - ~ 1 1  levels cnmied out directly Important 
tciehr,ical znd isr:)c.;.ciurc . L  ~ h ~ ~ r r ; ~ : ;  ir sc:u.l?cr: control  d e l i v e q  and 
rIrainq;o 2nd f;?cilitated the  major adjustments of fields and f ie ld  
ditching which accoqxmied s sh i f t  i,! water spplicat ion practices. " 

For a brief review of t he  Japanese l;md iapruvamcnt Pmgrame, nes 
Mishikawa, 1971, In the Melj i e m  . , . "The replotmcnt work brought 
an advantage in double ways to tho hndl~ t lds  as entarsrisers, on tlm 
one hand they caulJ claim for raising the mount  of rcnt on the  
pretcxt of y i e l d  incrcasc p e r  hectarc 2nd cin the  other h2nd they 
could hcve usu,-tlly mom m ~ i s t e r w l  area 05 paddy f i e l d  to bc m t &  
out than b ~ E o r z + ~ .  The lzttcr passibility arose becanse ''. . .the area 
ccncerned befcrz the  works hxl-b~en estimated in mmy c,?scs about 18 
to 20 pcr cent less than an actual state, and hecmse .the whole arCsp 
through the replcment a f t e r  surveying coudd increase cwing t o  the 
decrease of le :ees area and often to zddit ion&. pxkly f izld makingf' 
C ibid: 17). At the peak, replomont w a s  60,000 ha .per -yezr, Eut 
t h e  process Suffcrcd c sevoro set back ,?fter t h e  first would war mi 
t h e  smge of tenancy disputes, Another phase startrd in t he  1930's 
and by the end of t h e  Second Wmld War a h G  a quarter of thc paddy 
l and  had been r e p l o t t ~ d .  For a micro-view see fmrlr;iurn, 1380, 

27/ - See Kelly C 1980 : Ch " 5 )  cn scmn cf these aspects as manifest in the 
Aka river system:, Elatc?.t, (1981) i~ rc1nti.n to Azusa river; and Shhp 
(39763 concerning -the h a t s  ;zre;l. K d l y  also rsfers to a number of 
such studies concerning o-th:-?r systems (Kelly, 1980s 2 .  

- 20' For a brief account of inter state river disputes in India see Rao (1Y' 



See Maas and Anderson ! 1078. k i  1 C w x d  JF. {?980:Ch. l) Chunbers (1977) 
for a generzl i s a d  discussion ~ l n  f wict ions Q£ irrigation organisation 
and of the conceptual framwork appcpr i a t e  f o r  studying i ts  structure 
a d  working , 

21 - In Japan 10 per cent of the imisatcid zrea is rc!pox..ted to be undw 
' individual manaEenent { Takeucbi , nd : 97 1, These systems are presumably 
also owned by indlvidu~ils  . In  Inlia, a survey c o r i d ~ ~ c t e d  in the 2950's 
reported 308 of the tanks is b e i r . ~  *priva-tely owned, a large majority of 
them jointly. (G03, PEO, 29613. 

31 - See Sasaki ,( 1959). 

b l  - For detai ls  see Vaidyanathan 2983: 30-56, 

li For a general description of arganisationnl s t ructure  see Pramji and 
bhajan (1969) and Govt. of Andhra Pradosh (1992: 78-87); GOI, PEO 
1965 gives some, alLeit s k ~ t c h y  , idea of rnanagenient or&;misation f o r  
selected pro jecls . 

71 - In Sauth Inc?iz this i;i-tlcr~ :r-'r:. dC c.ns t u  habe tleeri limited to maintenance 
which wzs takcn over by the FWD. The State apparently made no attempt 
t o  take over rnafizgemsn+t: of water ailoc . l ions,  f n Sri Lmka t h ~  colaniel 
g o v c m m t  a~poiz ted  zn off iciai -( tho VeZ V f . r l ~ ~ - , r a ~ ~  ) Tn the village spec if i c a l l y  
t o  sanage bcrth maintenance znd water allocation from public tanks Cto be 
disthguishad from private znd temple t m k s ) ,  Regulations were also 
introduced to ensure fair  Ais t r ibut ion 05 water (See Leach 1961 and Roberts 
19671, 

I1 - hljit Sin@ and S. Mishra ( Ibid. ) 

!'In Sri Lmka toe. Roberts (1967) refers to t he  deolin~ in the  "spirit 
af przctice of mlitual obligation whlch was so j.q)crtar!.t a f e a t w e  of 
peasrant apiculture was being undemined by f orccs of indj .v idual im,  
litfgouslress and apathyfr and t h e  co~sequent decline cf the t a n k s  as 
being ". , . pmt ly ,  if not l z rge ly  , . . .of the Er i tZsh  rulers ' c r ~ n  making. 
In ahofishing forced services,*. al;C in creating minor courts, they 
had deprived vel vfdmes ... and garnsabhawas .,. of the only effective 
means of compelling obedience to villa~e a~ricultural customs~'. These 
changes were p a r t  of 2 more general change in the land tenure and land 
revenue systems, 



- Sec "Runt and Hunt (1976) w d  conne~ts  t h ~ ~ c ? m .  5lsc Kelly 
(2980). Both ha-re drawn &tent ion .to thc ncsud to dis t incuish  ten- 

tralisation of authority within the irrigat i v n  orgtnisat  ion fron 
corttml of irrigation o ~ ~ m i s a t i o n  Ijy cenkcrs cf power and autkrity 
outsidc of; and i n  soyfie scnse h i - h a  than, thc irrigation ~rgmisario* 

2YI.t h ~ s  been pointed out by eomrd Jr. ilsa0: 2 5 - 2 7 ]  t h a t  in community 
systems the rolr, oi t he  xater user an? th3f ox? w ~ t c r  authority ''art 
highly intqyatcd  bocausa -they arc! ~uid1:d Ly similsr socio-cultual 
r~les and !;cc?ui;~ of t b e  ternpcrrzl ci rcuFa- t : i~n  cjf individuals bctwea 
the tuo config;lrztions or thi :  s inul tancoi :~  occupancy rcles in both 
conf ipuriltions or the s imultancous ~~ccup:incy roles in both mnf igme- 
tionsq', ( T h i s  does nut  of course m+Y=an r'hamcny'; in ;?E much es t he  
interests rf managers 3s w i r t e r  use rs  may bc i~: conflict with those 
of other users). As wltt .1:  a u t h s r i t i c s  Lt,cr!ma more spt=cialised and 
diff eren t ia tcd  fmm users, intel;pe'~tion thruwh the srmc indiviuuals kd 
invol-vcd in both royee is more difficult , The possil i i l i ty of dim ad 
betwwn t h e  rules orienting thc us.zrs 2nd The authority zlso incmsee, 

Z / % e  following ore ii few axmglcs.  
Ir! t h e  northern Thailcnc? systems ~Tudied  by Potter (1972: 89) t h e  h .d- 
man of t h e  system is "chcsen by the three. . , heads of the three 
served by t h e  imigatior* system. The yrcsent head, . , hp.s been head f~# 
almut two dccades . He is one of t- hc t.ichest md highest  status mes! in 
this par t  uf Sc?rr~;jhi d i s t r i c t  and owncr of ar! enormous t r ad i t i ona l  
Thai hr;use, , , znc! n largt. 2riva-t E lzke frr fish. H i s  granary* . . i r  
I m g e  2s most v i l lnpc  h ses. , . . . . "The ;1~r . is tznt  heads of the  syst n, 
of whom there  arc tkic, ,;:*I : -sk.2 :t 4 ~ .  .?.y heard cf One commune and Lad 
of an irnpoztznt v i l lagu = Thc village i r r i gz t i cn  headman, cllosen, by 
the fmors  in oach vil lngl:  s ~ r ~ e d  L j  tthe system, usually zhw 
v i l l a g ~  hen&,a-i and hold office for lonL<- 
In thk 12 p,o r , nce l  (aevds ley  ~t.zl., 1959:150). "The rnsyor of Km 
is f a i r l y  prnminent in the cljuncils ~f the board uf ths  twelve-go 
orgznisation Lt-czuse Ly t r ? d i t i o n  )lc 5 s  thz chief administrator of tb 
Iwasaki water ~ z t e  locsted near k m b  villngu of ficz. The fact that 
Kmo is furthest upstream and thr! oldes t  p a r t i c i p a n t  in the  six-p 
canal systzm aZso gives him zenicrity" . Ir onc of t h e  Zangjems 
(imigt icm coops ) of Ilocos , PhilL~:;l ines,  "leadkrship of the fdce 
tion is clectivc! m d  thi! prcsidcnt sf t h e  ~ m u p  is en important 
i n f l t l e n c t ~ d  m;.n in thi; B.=cc?.rz pclitics Ho f s a member of 2 71%$ 

and prssident of still  moth^^'' . ( L a w i s ,  1271 : 1 5 5 ) .  

  or details soe V;~idy~nsth;in, 1'183. 

141 - Descri~timn of thc'way thest? tnshs m e  dacidod and implemdedW 
available fclr s e v e ~ ~ c  systems, They shew tbzt most ayst~ms have 
estakl ishpd c ~ v e ~ t i c j c s  repyardin;: the timing of  repairs, the mr 
in which works to be t a k w  up e w  decided, the responsib9itios of 
d i i f w e i r t  funceiaa~ries <mc? l i ~ ~ e l s  cf t h e  orcanisatim, and the ob 
tfms of the USC~S. The f c l l ~ a i n ?  s m  t u ~  typiczf cases. 



In a l oca l  sysTcm n f  rwlr-kh T!:ailmd a rnceting o f  t he  leaders of t h e  
systen~ is h d d  r t t  thc  dntl f3.F ezch r.l-:ly st-ason to decide on th l ,  dares 
when t h e  c2nr!lr w i l l .  1:~ cl2;med 31,r; witlrc T C ~ I I L ~ T ,  The cleaning uf 
the minor czz~~.ls  and <?istribil torics,  whrch has to be dono scvaral times 
in n y2a:*, is argmised at t h e  village Icvel- A X 1  farmers ape expected 
to co~ t r i bu - t e  ?+,Jjour f L ~ r  t h e  mziatcn:nce of t h e  main c:mal in such s 
way tha-i- t 8? i l - ender s  ~ . V C  t c j  c i ln t r ibute  relatively more than tl-~$st: a t  
the head of t h x  system. i i t  the v i l  lagc Zcvr.1 c o n t r i b u t i s n s  arc gcnwally 
pmpo-&irmal to t he zrea irr f ,a r e ~ j  , The act ua.1 iqork is ciistriiiutad 
mnng The irzlipztion ficadmerLy r;f whom t:cz7e is one in every v i l l a l ~ e ,  
whc enfonc.cs t he  mobilisntion of hbour from each household and oremi- 
sed 2nd sui,t3~vises thk cnrduct GE tho wcrk. (P:>ttcr 1972 r 51-96}. 

In a multi-cclmmnity system of north China, before t he  R ~ v o l u t i o n ,  
t he  chief supzrr~isora  cr" the system decide6 on t h e  rrpairs tc be under- 
taken at t h c  bcp innhy  c>f cqcb sczscn  an[? i n d i c a t e d  to this sujordinstos, 
of whom there rrcrc. a?pmxim(?tc one icr oLrory 20 fiouscholds, t h e  number 
af bebcure~.s require? frcm his qroup =G we11 ss thc t i m e  and place 
wncrc they would h e  ~ c e d c d .  Thc subordinate was thcn responsil~lr: f o r  
r h o L i l i s i s L r  the workers from his E;roug (ench mcmbcr household being 
exgectcd to scne. afi a b l ~  hcdied pcrscn) an? for ~ n s u r i n g  that t he  
essipned wcrk wzs completed,' [fiycrs, 15'75.201-2). 

The users obf igk t ions  gc: cral3.y invelve thc supply of l,.llour far 
carryinp o u t  the w m k s ,  w i t h  supplementary payments f o r  other (usually 
materid ) cost c . The basis f o r  nllocat i n g  the  13bour c o n t ~ i b u t i o n s  
aFe varf 4: w h i l e  shmidp in propo r t~on  to arten benefitted. seems common 
it by no means uxlivmaal: In the T h ~ i l a n d  cecc , riter! abwe, tail- 
,endcrs had to bear a h c ~ v i e r  Surden. S in i la r  p r ~ c t i c e  is reported 
to havil- becn 2n :T;-I: : i , th? Akt  rive^ system of Japan (Kelly 1980 : 
292-3). F o r  a sim$f sr case in China see Mickum, @2( 1981 E Reading 5 1. 
There =e hs ta i ! ces  of comrmmitias c.r t t ing a p r t  some land the 
produce of which wcrc us& to met t h e  costs of maintenance, 

- 15/ We havo r ie tn l l s  rcrar.!i;l- thc p ~ n z l t i ~ s  only f o r  some. systems in 
the Philippins, In a s e ,  (L3acabzyan, 1974: 174-6) the f ines  are 
reportcd *to t3k0 S C V C ~ ~ ~  f orr i~~.  ' s m ~ ~ ~  ( m e  peso) , rice I 5  bundles ) 
or a gcod rlrink 3112 ;. m c z l  fo r  t h e  g;roupUL Lewis (1971:165) 
cites it cfisc wber'c "PC: cr;te(Z f a i l u ~ . ~  to a&nd work scssions can result 
in a 3.oss r;f W Z T ~ : ~ '  Z ~ C !  moth515 whcre "f ines  are levied fo r  work 
absences and ,  if thf, absencc continues, the lcss of Ian$ nay results'. 

- i6/ For a discussion of the chanzing wla of lani lards  i n  Japanese 
context scc 2;;ltatc: : (IS76 1. 

-- T h i s  is cvidont frw t b s  i:ilta and obsarva-tians presented in GOI, 
COPP 1 1 9 5 S ,  3960;  and GOI, PEO (4961, 1 S 6 5 ) .  

la f  - Tho dcczy of t r a d i t i o n 2 1  mainten?nce i n  Sri IJ;mka is d e o  conncctcd 
with the chanpes ir! land tenure cnq? conscqucnt chank{cs in thc village 
polity. ft is of somc Tntcrcst in this connection to ncte that i n  
t h e  case of  the '!Crcwn tanks", which were taken over by thc S ta te ,  
thc maintenance secms to have been b e t t e r  t h m  in the temple tanks, 
(Leach 1962 3 pcinTs tn the stark difference Letween the stz te  of 
the Crokm tack :m< t t~ :  tc,n;llc t m k  in the same village, This  rsis~ 
several q u c s t i ~ n s :  W?ly d i d  the t e q ~ l e s  l o w  interest in their tanks? 
why d i d  t h e  farmers us: ig t h e  t ank ,  or ~alturna-tivcly the S i d e ,  
f a a  to step in. Iiilg * ,>L t ; ~ )  tdnks in t h a  same village .treated so 
d i f f e ~ e n t i v 9  



- This  practice is rqorteri in tho iwizlve-yo cam1 of Jopm, the  
Balinese Suhnk as sroi l  as in somc Phi' ; p ~ i n e  ~ y s t s ~ n s *  

20/ - For a mars d u t a i l e d  discussion sae V~:idyznathm 1593: 48-53. 

- 22' For de ta i l  2 sac tJickum 1902 UN , TSCAP , 11178. Tho a mi lab le  materill 

- 23' The maintcnoncc of a l l  t a n k s  is divided b~.Wcen the  PWU and the 
lievr,nu~, ?cj.;artments znd , in mrnc ccscs , local. au thor i t i es  I Pmcheyats 
There i:.: an clakurzte Cbut varic?Llc) procedure for inspection and 
fomulaticn of c u n c ~ t t  pro::osals for ma.intenancclrep~i~ by lower 
l eve l  officials .  T h e s t  pruposals arc xviewcd by "ce dis t r ic t  offic' 
in the l i ~ h t  05 avc:~fabl; resources and prloritius assigned. 
Beforc t he  &ol i t ion  of zaminari zinc', Inanhari tsnwes , this system 
Lid not cavcr private t anks ,  af which thcrc M e r e  13 ,300 in h d h r a  
Pradesh c?lone. The wws werc mspc)n:;&lc fcr thcir  maintenance, 
Many cf than  were nc~lccred and t h e  swlvcy showed r? large cumLar 
to be sub-slandaml in der. and i i n  .2 Fcor ;tate of popair, But  
even in rospec-t: of tanks  which were uncIes the ~;cvernrn~!xt cara, 
rnaintenznce wzs f m f ~ m  sa-tisf3ctory. While in some cases this 
wz s ~ittxihute4 to wcnknesses in adrnin~stra t ion , it is s i , p i f l c a n t  
that even in i%;ras stzzt, -jildge2 to bc t h ~  Sest crganised in this 
rcspoct , mcst t m k s  Y ~ X W  fc~unc? to have silt& and their  storage 
eapzcil-y re4uced : '7. !xd thc t ,?nks surveyc ' in the state ,  the 
capacity hari been reduced bj 53  cr n w e  since t he  late nineteenth 
century ( G O I ,  PEO, 1961:SG). 

- 24' The evidi:nce of ?e, tsr imat ion ai tanks,  has been already cited. 
Complaints ahour poor irl,zi~ton;lncc. in G3na1 ywcjcets is widespread. 
(See fm cxa~gle, G81, ?EO, 1965); the papmsi:reswlte2 at theiSl l  
Seminar c,n Wmaba~di held  at t i y 6 ~ ~ i i k . d  ; and Si i l ~ h  C ed 1, 1902. 
The f 0 1 1 0 w i u ~  ewmplcs are illustrative : 

'7Easc.d on the uxijerience in 350 minor canals in which was 
introduce4 over P* periar:! of 3 ye-rs, i: czn 1x2 si.;ii! that no 
minor wzs capzble af discharcing the f s s i z n  ~Iischargc ~ m l c s s  
ir was e i the r  irryrcvcr? or brought to it o r i g i n a l  dcs im ~tandmj,.,~ 
This was estimated t c l  c ~ s t  H3.10,000 per nlincr. In a qliiok ,s- 
of t h e  N a p i j u n ~ s a p , ~ ~  RieM cam1 c o m d  Ere2 taken up in Ju ly  
1S7Ss4,. , 557 defects wepc found in the :anal system serving 232 
villages '', 
"A study nf 105 distributaries i n  . , , . 19dO-el shcwe, that 
norc t h m  50% of t h e  control end cross ~*ructures  needed 
replscr?!nent rnr xclzirs. The cam1 bancs wcre crod~3, canals 
were s.iltc?c! up er ha? vugctzrivo ,;POW:, siphons were' chbked 
2nd thcrc wcra a 3 z r ~ e  nunher ~f unaut"~oriscd offtakes in 
practically cvevly d i s t r i h t a r y  and ni:o~': H.>sh3jn Id;, in Singh 
L$ ( I S 8 2  '&I-42). 



Et This accormt concerns t h e  rcgpcnscs of officials and users in 
respect of particular osystens. The= is however a gkowing comerfi 
wer this problem at t h e . ~ e n ~ ( a l  policy li2ve1 - e concern which is 
reflected in t h e  estdblishment of numerous committees and commissions 
t o  study the problems of eFfeztive use of irrigatior.  potential. See 
egg. 601, I r r i k a t i ~ n  Ccmissit~: (IS721 ; . Govt.~f & c l h  lradesh 
(1982) ;Singh ed. (1 982). ilowevcr none of thesc 'reports Eeal with 
the pmtlcms cf ensurine proper n'afntenmce in any depth; they seem 
t o  view it esscitially in tcrr.~ ,~f allocating more money! 

A-number of attempts at .rna-dellim optimum Water allocations have 
been made in the Indian Context. Sea £or e m l e  Minhas et.al. 
11974 3 and GO1 ( 1970). 

In the case of wclls and ordinmy tube w e l l s  many of these lirnitaticns 
sre mitigated by the fact that the service area i s  typically quite 
small; that the buyers aw usually relatively few in'nmber and 
lmds for which the water is intended are contiguous to the woll; 
and that the seller has much grater control over how much water he 
delivers, to which plot and when. It is thmefore not smprish~ 
that "marketst, in the scltTsa of purchase and sale of i r r igat ion 
water, are much better developed in the case of ground water than 
in =face wzter systems. 

Noto however that s i x e  -Ciru.e is synerpy in the  rerpmse of wa%er and 
fmtilisers, and irrigation cai~tri!>ctes only a pafi  of t h e  water 
supply, therr;arfhdprn:Iu c . : ~  . 1 ~ ~ 5 . ~ z t i o n  de,ends un the l w d  of 
fer t ikher  supply (whicn 1s r:o,lt: hr,ti:.i&le .to variation than the 
i r r igat ion supplies cnce the system ie i n  place) and on rainfal l .  
Any chanze in the responsivmcss c2 yields to fertilisers under 
actual farm conditions (be it 2ue to better seed, better fertilisers, 
or better &ills acquired through experience) w i l l  elso effect the 
productivity of water and h n c c  its "efficiency" price. 

Y Similar stdies  are available for other  parts of the world e.r; Glick 
(1968, 1972).  Hunt and ilunt (1974) and Maassand tlnGerson (19783. 
L have not made any ztterpt 'to briny: them into our r?.iscussion lmgely 
became thoy relate to a l t o ~ e t h e s  d i f f e r en t  am-climatic, technol@ccrl 
and socio-economic enviranments compared to Asia: The dominance 
of paddy and smll-scale f z m i n p  m e  two dis t inct ive  features .which 
the irrigaticn communities af Asia have in common, and which marks 
them out from those of Europe and America. 

g1 The tradition of rmequ~l water rights is well documented in the case 
of Japanese and Taiwanese systms: Thus in the cese of the  12 Go 
canal system, **In t ime of CmugRt the  villages on the zreclaimed land 
b Kojlina bay get shortcl.~nged, accorcling i;; their view, Their claim 
to  this water goes back only a century zt most and they are at the t a i l  
end of the canzl. Hence the older vY7-lages upstream claim prior right 
b t h e  wztm, In m y  case t h e y  hzve first access to it and it is 
their awn people who. decide, , as watcr guards, how much to' let 





we had Letter lezve t h a  A?-s they azle". 

'%e r c c ~ n t  fTc;at. cx t  m s i c  n r : f  ' anc Ian:! + cv.d?iv~?t icn . . , hzs reduced 
the cruci~.j impc*fl>nce of the old f i d - r l  hck.ir,i;s. . . Nevertheless 
it is guitc. csleer thzt worki.ng ar tappinr a neighl-ow's water? 
channel is still by fax* ?hu musn~c.;rnmcm cl?.uss of village ~ U T I F C ~  

&XI intcr-c:>rnp~unrl l i - t ipatjcnsY, ,$ In t h e  12 Gc canal, s'f:ir~ute Letween 
the twc pates: secticas of concru1:c 91- rack r e t 2 i n i n g  ualls altwncte 
x i t h  henvy p i l e s  rlr stakes In tcrwcrver; r 3 t h  bamhor, s t r i p s  to s u ~ p o r t  
the banks. Somc !?jvcrsil:n; ditches t h a t  w n t e r  the Ei::?l? ?.in the 
v ic in i ty  are nc mom thzn hof us i~ the k n k .  At c~ther p laccs  them 
are cru& ~:',iversir?n deuiccs n:ds r j f  submr:r&ed rcc1:s and pine trunks 
lai? acmss the canal, of c~lcul,?t.~c! thj-chess  ~ n d  depth beneath 
the strrfaco tr, contml the a.mnur?t of water Eelivered. These siqle 
amancement s 'me rmCl ily clispl.aced hy accident or? h j . ~ h  water and 
theb reinst;..llatim "leccmr~s e matter of s~metimes acrimniom mbirraticn, 
it is di f f i cu l t  to replecc them with m o r e  preczsily measured modern 
devicca, . . hecause of j~r3:oua f ~ a  t h a t  one side or c;ther will come 
out on t h e  short: and'l (Beaadslcy c t  . a1 1355: 143-9 1. 

See Vander Hooc (1968) ant? Parfenak (1972) fur a &script ion of 
two such systems in Taiwzn. 

SimiL~r proco:?ures a r s  reported in -thc t m d i i i o n z l  systems ~f S ~ u t h  
Bihar (Sen pupts 1939) anii of Mahmasiltra (KuUcami E. L ~ l c  1980 1. 

Ssee Grsrtz 1967 ?o:- a detailed descri?tim. 

Fm instance, Nan Hlmc project ilrea o f  Tz.iwan, prior to modernisbion 
when d l  i > a W ~  crf -the cmm;ind could nc,t 2et p ~ ~ d l i n g  2nd transphnting 
water at t h e  s m z  t i m i : ,  p l c l r l t in~  used to be spread over as many 
es 8 weeks and t ~ m s p l i ~ n t i n g  over 4 weeks, Elmest however tcok 
place at abut the same time ( stme ) everywhere. ( Vander Heer 1968 1, 
This h p l i c s  that ~ ? r t  of the adjustment 113G .to be mad€ by choosing 
different vzrictic s md/or 3cc~'ptinpi sizsiible yield variation between 
the he& rcaches an:! the teil, cc4 of the system, 

T ~ E  f ollouir.i: are some examples : 

Etyers l i iscusoin~ the system in 1 f ~ ) r t  h China S ~ E ;  F "The Lno-pen C tho 
magcrs) WSPG miedle aced ant1 elderly pensa;?Ts who wctre very expmienced 
in mter manapment. "The Xi ac?-.jin (.the suhrdinntee responsfile 
fm a gmup c ) f  20 huusehol!lls) were selccte*' on the basis of demon- 
strated leadorship and skill in sxpervising ~thcr f milies , m e C h t i n l ;  
disputos and I ~ y a l ~ y "  (Myers, 1975:200). 

In the Philippine .br igat  ion commuriities studied 5y i3aced~ycm, water 
distributors are uniformly selcctc*: by tho pecpze cn the hs is  of 
dependability, diligence and faimcss, (baccdayan, 1974:176) 
Pastemiak (1972:23) rleports t h z t  in the Taiwanese systerr: he  studied 
'ko eve- pumping statiur; tfie irrizi.:ticn associatior! assips a wdcbman 
u a d l y  on the kaais  of recomnda%ions prc~vided by pump ~ ~ o u ;  owners. " 



- 3H' See Nickum 1582: E t ~ l l i n , ;  5 : 1- z d~scr i j l t i cu  ~f the complexity 
ant1 s o p t i s t i c n t i r , a  o!lf lkxit , le sc'r.cr!.uli~~ i n  a mlt i - s to rage  system, 
Many of the  systcrrrs in srxt'r. =st Z q x n  IcspeciaJ.ly dmaund Osaka- 
Kyoto 2nd in K:yushu) :Ire r i l ~ c  m u 1  ti -anurcr~ sj sums.  We could nbt 
g e t  zny c!e to i2~3.ezcr i~ t j .on  cfr these systems in E n ~ ; l i s h .  but the 
authorl has v is ired some nf therri. 

- 39/ In t h i s  connecti:>r\ rncnci,.? nry i-e nodu of ilri in torast in , :  cusfm 
in s ~ u t h  Is;c?ian tanks iChc?r;kjern '1977) tiilcrc t h e  r c s p o ~ s f i i l i t y  fclr 

opcratinrr the  sluice ~ n d  kia t r? ibut i .nr .  c f  F,*;~c:F frr:m vi l lage tanks 
is e'ntrust~rl Z~voricbly r:~ n mLxljer of t h e  "artbuch&,lcs' czste: 
since hc. hzs nc lzi-! ~ n ; ,  z VET? Lbw soci,:;l. s-tatus, hc! can ncvcr 
use his oEficc tc act o r L i t r a r ~ l y .  A sirnilm custan s<aid t c l  hmc 
existorl f n 'ptirts cf Japm L?S ~ ~ 1 1  

- Kelly (1  980 : 565-67)  r!i,scuzsing - t h ~  F~ZSO~S. why- despite its lossenss, 
the Aka rivcr systern t:vcmiszti.on c l i ; l  not hrenk 2cwn suc~,@sts tht 
t h e  follcwiilr, c c ~ u n t e m ~ ~ i l i n ~  f ~ c t m s  tender? t.5 linit conflict L-E 
water mers  and Ypreve2t 11i.sp~res f ~ c m  :!ctsriox-~~.;ting intc; serious 
destruct ion 2 ( 3 )  The irrirst i o n  rclat i ~ n s  wc-re such that ' shifting 
lines n f  sharct; an2  c m f 3 i c t i n ~ *  interests creatcd cmngAex situatiml 
patterns o f  c o ~ p c r ~ ~ t r i f i n  ant! cr:nf l . i c t  ' ; ( 2  ) csnfl - ic ts  was probably 
rnitieated by the :?isjunc.+ la? c!' Ian(! t e ~ m r . :  mc! imigction;,  i .e .  
t h 6  clisCeibution cf i=ulr: ivators and land owners over t3c w~rer.'cbanncl 
line. F 3)  'PT.m,tic-n ilf: psd:ly land iixpansion thmugh spocial cone- 
ss icms  in surveying an2 1 1 q ; i  str:at2clr! ~?esulted ir: wide ciisparities 
in ::ax i.urdun, t 3 c :  *~:~'i>;.~.r!rv~yE(!y U~CCPTEXG:! l a n c ! ~  in tho t a i l  end 
:!id not press thei r  cr.::~y:l;?.:nts u.f w a t r s ~  shortage too forccfullyn; 
(46 "tharc w , ~ s  P. f i t  he-; ,. een i&igzt icn conflicts and administrativa 

I d  units-, ConflicTs irlcr-;-LC<! 'chi: clissonaci: 2xtwecn l a d  hokding, 
cult iyzt ion an;: resi "cnce incraased , 

-- For some idoil of chanrcs :n 1f.rticular rnrillaec see Mizushima and 
Nara (rid) znd Guhzn 2nd M ~ i l c l i ~ ~  (2'322), 

42t - F C ~ T ~  s more 2ctaiPot 1 dcscr il:tism of c . r ~ z  s t  1 s t ruc ture  and 
regulations in one state, . see Gljverrmncn-t of Andhrii 'Przdcsh (1982 ; 78-87). 

- 43/ The followinr; drscripticn is lzrgcly jasad an K?thpalia, 1980. 

- 44/ This is penerally known as "localisat;eic~~'< .*md inteni:el to ensme 
%quit able'' 2is t r i l ;u t  lnn of t1:e 1~ent:Fits c , f  wnt or  i n t  ensivc crops 
( suk j ect to scil 2nd to~clgra:%hy 1 wi thin t!le comm3n4, especially 
hetwcen uF?cr rc lchcrs znT' t2il ~ r ~ d c ~ , r * a  FET A y ? i ~ c ~ ~ ~ i o n  of the 
system 2112 its w c r k i n ~  see f ~ r  cxamplo Gcjl, F5i) (1565) ; Gclvt. of 
Antlhra Prz?esh (i382 - 53-65 1 ; ;mc! Govt . clf ~ a h a s h t r a  (1962). 

- "' Numemus ~xa.;plcs c-YS cited. Thus in  the Kr,si project. (Bihar) 
as afi,?inst. an estimatcd c l i a c I ~ m ~ e  of 15,000 cusecs during t h e  
Wrif season, the actu-.l Fischargs ovcr ;.lr. ei,qh,-t. year period 
averzged E,OoO cusccs cnC! the rnizximum wzs  13,708 cusecs. 
EPant, 1981: 301). 



On t hs ot hop him3 Ir 1 t hi IJ~KLSE d h r n ~ ~ : 3 l  gm j sct , tho t c'tal amount of 
water ut i l i sod  t i m  fa r  higRe3r t h a n  assunlo.! in the project design. 
@I, PSB, 1865). This report  ?Jso p,.ivas i~fminction 6x1 O other) 
major i r r e a t f c ~ ~  po-jccts which 'min~s out t h 6  1 a ~ ~ e  differences 
between dosign rissumpt.ione snc1 ac t  uals in savt~rul important respects. 

.A recent stuey cf iwigztlon management in hdhra  m d e s h  (GQw. o f  
h d h m  Pradosh, 39C2: 16-71 Pfr~s the fc.~..lLmiag c b s c w t i o n  o~r planhing 
of systems: 

'. . .The kit iel &mn9ng Gid not take into accc;unt the mea occupied 
by f1oJ.d >un:t, fialf! c:h?nne*l, f i . c l d  rlmino etc . and. the: zraa planned 
for irrligaticn was= not hcisel on any scfmtific or rational snalysis 
of pa~ilnetez-s . l i k e  natm r q u M n t s  of ampa the system efficiency 
fm COrWcymce and opemtia 3rd app1ie&tf m of w a t e r  to mops E?tC.. ,'r 

As reppLls the zssmptinn about water ''dutiesfq unc!er?lying pro3 ect 
design; 'IEtcne uf tb@ q y h & s  er~m*m&t by +lie ( 5 ~ ~ 8 3 m -  we= a3le 
t@ give the actual ksis fop t h e  dutP5a sdapted.. . T h e r e  is no 
.evidence of taking ifi?:g acmunt tho 2ifferw-cn in c l i m ~ t ~ ,  tcpogmphy, 
boils, etc. from one p - j e c t  to motho r  lms tod  in different a&- 
. c ~ ~ 1  of the state or the v~ ia t f ;m  in t h e  length of the 
Pistrfiutilry eystcm,. ." Sssyagc l ~ s s a s  were infact found to.Se 
far in excess of &sign assun~itions (often by e fsctor of 3 or 4). 

". . . %ere is no co-spm~r~cc ~etvcm the design cmpping -patt- 
and rlatas c;f nowing as c~ssmcd zt the s l a ~ o  of planning and the act- 
cropping j p t t m n  adc=ter? %y the f i~n~ers.  with varying dates of sowing, 
me pr~jects tht .=fm~ . !P~~.wP wzter at the offtakes and outlets 
with little ~,devancc 'to $he zct-l wa-tor rsqubemcnt of crgs som 
and their S ~ F I C C ?  nf ~ T C .  I at any given point of time. ..'t 

PNVme cl iv~r~~cnce bistwe~n ylanncll an11 ' R C ~  uzl em? 'pattern, ani: 
between plAnne?c! '! localf satifins'' and act rial d i s t r i b u ~  ion of water 
intensive. cr*jFk within the cmmnd, is a w i d e s ! a d  ph&ammn. 
For example se& GDX, PEC! (1965); Wadc (1978); M~sfiam A l i  (1980); Gavt, 
of Andhra I+adesh, 1482. 

Pll The dif iiculty in enfmcing crop patterns and localisat ion snvisaeed 
in the project is illustratef! by the 3fcl2owing account of the 
h m ~  Bh-ni pmjqt 5n Tamilnaclu: Tho design emisaged 5% of area 
to bs under paddy:, 147% under cotton an8 the Salllnce under 'other 
irrigated Sl?j. cmps ' , nu-t: the famers d id  not f ~ v o u r  'this pa-ttem 
and 'the first five? y m  09 ths wrking of the project . shnwed 
that t h c  planned eq ,p inp  pnttmn w?s a fa i lmet .  Due to mome;s 
profita332lity cf paddy snJ technical pmbLems ( d u ~  to eoil conditions 
among other thiws).of reioin~ imigated cwtton, more than half -the 
area wes h u ~ r h t  d,w. paddy. rln6 '"when tZie d iver~mcy betwoen the 
preference of the cuLtivators ?.nd thc plan was so nldu, it is obvious 
that there should he unautho~iser? allocatior! in spite of penal 
p v i s i ~ n s .  When penalties %acre dmmde6 of the qms, the r y d s  
pmt~st~?cl; and t h e  govermmGn't form6 it necessmy to intervsao and 
stop the levy of penalties, The revenue department, rssponaiblc For 
oraintainhg 'all &yq z b a c t e r  of the pzwjsct could not do enp!hbgt9 
(GOX, PEO, '1965:207), 



E,gain, t h e  pvemnent hti? l a id  down r ~ p l a t i o n s  regarding the use 
of seepaby frsm the cmals for irri.e,7.t.:an dlirectly or through tanks 
and pumps. "Government hat! bannt.1 the c c n s t r u c t i o n  r;f wells within 
a distance uf t w o  furlongs from the main w n z l  3nd one furlong from 
t he  distri;)u-tarics. It is hc,wevzr ubsemed tha-t well even outside 
this l i m i t  were benef i t ted 5y percolation,  Tn s p i t e  t h e  fact that 
c o n s t r ~ ~ c t i o n  uf new wells was not  allowed, in actual pslactice wells 
2nd rznks were d u ~  (md pumpsets i n s t z l l e d .  In fact there was a peat 
dmzn2 for installing pumpsets in t h e  arca, anri pressure was being 
exercised.., to remove t b e  h n  on thc ccnstruction of new wells 
ancl tanks. It is understoud tb;:t t he  ban has now been removed." 
(SSid.: 212). 

Wzda (1978, 1980 1 rcpr;fis one instance f w m  Andhrz Pradesh where 
' r o t a t i o n a l  i r r i p t i o n  between different parts  of the Cornand w a s  
successfully introc!uced at: t h e  initiative of r he system manageF 
in s, drc\ught ye== c n ~ b l i n g  much wic!cr distribution of supplies and 
appmently without any s i p n i f i c m t  reduction in yiald, In a n o t b  
t he  cu l t iva t ion  of paddy in unauthorised blocks was checked. Thsse 
cases are interest in? for two reasons: it shows that t he  experiment 
wdrked despite strc:ng protests and resistence cf upper reaches, 
because the system managers not  only sh:;ued extra-ordinary initirtivt 
but also hacause they were w i l l i n g  and able to muster the  powers of th 
S t a t e  tc ovel?come the resistance, This  seems d i f f i c u l t  to achieve 
in all systems and sustained an a continuing basis .  On t h e  t a i l  m d ~  
question see also Hart (197fl) md Panx (1981). 

- 46' Thou~h the dominance of upper reaches, 3y virtue of their location, 
carinat bc altererl by t he  :.ail-cnrlers, it is in t r igu ing  that they 
dn not oseem to use 2 o l i t i c a l  chsnncls to e x e ~  pressure on govemmert 
for improving t h e  distribution. (At my ra te  no instance of t h i s  
has been reijoficd 1. This dous not however mean that the tail-end- 

t~tally passive: Thcl-e are reported instances where users who b 
not  pet enough wztcr combine and try to persuade the canal officials, 
at consider&le expcnsc, to dal2ver thcm more water; or to distribute 
t he  a v a i l a l e  supplies zrnong themselves in a fair mailner. Where they 
get no water at. 211, thcir uption is ofken only to api te te  for with- 
r l r a w a l  of w a t e r  CESS an(! betterment levy dernandel3. of then. (Wade 
1980 2nd Hashim Ali 1980). 

- In this co r~ te r t  t he  disfinction b~twoen unequal d i s t r i t ~ u t i o n  between 
f i d d s  at !If fferent locations and betueen di f fe ren t  users is hpmtalt, 
fn a gravity i r r i g a t i o n  system it is the physical location of t h e  field 
which hao an Important bearing on the ease of access to available 
supply. It secms u ~ l i k e l y  that in systems covering several thousand 
hectares larre. fcumers throughout, or even in a major part  of the 
cmmnsnci, w i l l  be concentrzte3 in more f~vcurable locations alone the 
ccnaL network. The pmbabili-ty of t h i s  happening in the normal c o r n  
is v w y  l o w ,  It secms d i f f i c u l t  to manoem the des ign  of the systm 
even at the d i s t r i b u t m y  Level to favour large owners systematically+ 
It is of course possible thz t  after the system bas been constructed 
larne farmers shuf f le  the ir  h o l d b ~ s  t h r u u ~ h  purchase and sale with -, 

the explicit purpose of securing favourable 1;cations: 



This however needs to be estaLlishcr?,, 

The hpcflznee f;S t he  size of larl.lholl15nfl h~wcver is l i k e l y  to be 
mcre, an< m3.y av.n he decisive in d e c i d h ~  how water it shzeG amonp 
farmers sorva3 Ily n ~ a r t i c u l m  Tbjs  is probabLy whzt 
Thmer ha(: in min~9. I r  is n c t ~ ~ c r f l h y  thzt  unLika: in cznnls where 
f i e ld  location is mcre imp-x~tant, in the cz$e of welLs, the size 
of hoi:ling has a much more 8Jirect hczrifig on access to );round water* 

See fcr instz,~nsncu t h a  pa ro r s  p ~ e s e n t c d  at t h c  A l l  I n l i a  blorksho:? 
on Warahandhi held at Aclministmtive Stsff C~llege, Hydcra5ad in 
1980. i:iso Sin511 l e d >  1382. 
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