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Irrigation plays a central role in increasing land productivity in Asian ricf agriculture, but the pa¢ and character 
of irrigation development in the region have varied greatly. This essay reviews five sets of determinants of these 
variations: population pressure, geography, agrarian structur_e, cultural factors, and the role of the state. 

Rice irrigation in Asia often requires action above the level of the individual-farm, and societies vary considerably 
in the success with which they have resolved the attendant problems of co-operation anq conflict. A comparative 
analysis underscores the limitations of technocratic solutions to these problems, and points to the potential merits 
of strategies based upon democratisation of control over water resources. 

I 

Introduction 

ASIAN rice cultivation supports the highest 
agricultural population densi'ties in tht' 
world. One reason for the strong positive 
correlation between population density and 
rice cultivation is that, compared with other 
cereals, rice is more capable of sustaining 
constant land productivity without the use 
of manures or fertilisers. As Masefield 
observes, "There are rice fields in Asia which 
have probably been continuously under the 
crop for centuries without any conscious 
-ioput of plaQt nutrients by the cultivators, 
but ..,.hich can still be relied upon, provided 
that water is available, to produce a steady 
half tonne of paddy per acre:,i As the 
extensive margin of cultivation is reached, 
however, increasing demographic pressure 
generates a need for rising land productivity 
if per capita output is to be sustained. Given 
diminishing marginal labour productivity, 
this requires the use of additional inputs, or 
technological change, or both. 

Irrigation plays a key role in increases in 
land productivity in Asian rice agriculture. 
It is highly complementar y with other 
inputs, including fertiliser and fertiliser
responsive rice varieties; and with its distinc
tive requirements for prior investment, both 
in fixed capital and in the creation of institu
tional arrangements for water use by a 
number of cultivators, it acts as what 
Ishikawa (1967) terms the 'leading input', or 
limiting factor in the intensification of rice 
production: The development of Asian rice 
irrigation has been very uneven, with much 
higher levels of irrigation in some countries 
and regions than in others, and this has had 
faT'-reaching implications for human well
being. The character of irrigation develop
ment also varies in a number of important 
technological and institutional dimensions, 
including water source and power source; 
the capital-labour ratio in construction, 
maintenance, and op"ration; scale; the 
institutional arrangements governing water 
allocation; and the degree of farmer control. 

This essay examines the variations in the 
pace and direction of irrigation development 
in Asian rice agriculture, and explores the 
reasons for these variations. The geo-

graphical scope is the Indian subcontinent, 
southeast Asia, and east Asia. Together, the 
countries under consideration account for 
58 per cent of the world's irrigated 
acreage.2 They are also the home of of 71
per cent of the world's rural population, and 
of 84 per· cent of those living in what 
Ahluwalia, Carter, and Chenery (1979) 
·define as 'absolute poverty'. 3 The aim is not 
to provide a comprehensive account of rice 
irrigation in this vast terrain, but rather· to 
address a number of crucial theoretcal 
and practical issues within a comparative 
framework.4 Section.2 briefly summarises 
evidence of ir rigation·s critical role in the 
growth of rice production in Asia. Section 3 
documents the uneven pace of irrigation 
development in the region. Section 4 sum
marises some differences among alternative 
irrigation strategies, including socioeconomic 
features as well as the usual cngineeril)g and 
hydrological characteristics. Finally, Section 5
investigates the forces which determine the 
pace and direction.of irrigation development. 
Five sets of determinants are considered in 
turn: (I) population pressure, (2) geography, 
(3) agrarian st ructurc, (4) cultural factors, 
and (5) the role of the state. The conclusions 
are summarised in Section 6. 

II 

Water Control as leading Input in 

Asian Rice Agriculture 

In his 1967 book &onomic Development 

in Asian Perspective, Shigeru Ishikawa 
argued that irrigaLion acts as the leading 
input, or limiting factor in the growth of 
land productivity, in much of Asian rice 
agriculture. He distinguished four successive 
stages of rice cultivation. In the first stage, 
land productivity is low and subject to sharp 
fluctuations owing to variable rainfall. In the 
second stage harvest fluctuations are stabi
lised by the development of supplementary 
irrigation. In the third stage, irrigation im
provements make possible the introduction 
of a second crop; land productivity now rises 
through an increase in cropping intensity. In· 
the final stage, a complementary set of 
inputs-irrigation, fertiliser, and highly 
fertiliser-res pons i ve varieties-enable 

cultivators to achieve much higher yields per 
acre. Irrigation development plays J,he-key 
role in the transitloos between these stages; 
only when the final stage is reached does 
irrigation surrender its leading role to a 
'combined leading input' of fertiliser, seeds, 
and improved techniques. 

lshikawa's schematic account must be 
adapted to fit the specific environmental and 
historical circumstances of individual Asian 
countries. In reviewing Japan's agricultural 
history, for example, Ishikawa concludes th<".l 
irrigation's first role, that of compensating 
for deficient rainfall, was accomplished 
during the Tokugawa period (1603-1867), so 
that by the time of the Meiji Restoration, 
Japan had attained average yields of 18 
quintals of clean rice per hectare-a mark 
yet to be achieved in much of south and 
southeast Asia. s Subsequent improvements 
in drai11age and water control made possi
ble the introduction of high-yielding rice 
varieties and improved cultivation techni
ques. In the years leading up to the Second 
World War, water control improvements and 
varietal breeding alternately posed bottle
necks to further yield increases. In the post
war period, Japan reached the final stage in 
which fertiliser, seeds, and improved techni
ques play the leading role. 

In Japan, irrigation did not play the role 
of allowing the introduction of an extra crop, 
since the country's climate permits rice 
cultivation only in the summer month�. In 
muctt of south and southeast Asia, by con
trast, rice can be grown throughout the 
year.6 For example, in Bangladesh and West 
Bengal three successive crops are distin
guished by- the cultivators and reported in 
government statistics. In such places multi
ple cropping is potentially of great impor
tance. In addition, chemical fertilisers and 
fertiliser-responsive varieties are more readily 
available in south and southeast Asia today 
than they were in the early stages of Japan's 
agricultural growth, and hence follow more 
quickly upon water control improvements. 

Data from Bangladesh an� West Bengal 
strongly support the proposition that irriga
tion, or more broadly, water control, is the 
leading input in the region's agriculture. An 
inter-district analysis reveals strong com-
1;>lementarity among water control, fertiliser 
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use, and the spread of high-yielding rice 
varieties (HYV'.s). This complementarity
which is to be expected on ·agronomic 
grounds7-implies that each input has its 
full effect on output only in the presence of 
the other inputs. Water control differs from 
fertiliser and seeds, however, in two crucial 
respects: first, it usually requires fixed invest
ment prior to the current production period, 
and second, it often cannot be secured by 
individuals acting on ther own, but rather 
requires joint action by cultivators who till 
adjacent plots. These distinctive attributes 
of prior investment and indivisibility make 
water control the limiting technological 
factor in the adoption of the complemen
tary inputs. An analysis'of the relationship 
between water control and agricultural per
formance reveals that districts with more ir
rigation and (in the case of Bangladesh) less 
deep flooding experienced more rapid 
agricultural growth and had higher yields per 
unit gross cropped area. Statistical analysis 
indicates that water control variables explain 
approximately 80 per cent of the inter
di trict variation in average yields.8 • 

The varietal breeding strategies pursued 
by international and national agricultural 
research centres have reinforced the positive 
correlation between irrigation and agri
cultural performance, by emphasising 
tedrnologie suited to irrigated environ
ments. To some extent, a reorientation of 
re can:h towards rainfed conditions (for 
example, by breeding drought resistant and 
quickly maturing rice varieties) could 
weaken this correlation, and a Levine (1980) 
ob erve , there may be sound equity and 
efficiency reasons for doing so. Nevertheless. 
irrigation's leading role in Asian rice 
agriculture i likely 10 per ist for the 
foreseeable fuwre. 

III 

Unt'vcn Developmt'nl of lrrigati(in 

in Asia 

The uneven development of irrigation in 
Asian rice agriculture is apparent from the 
d_ata in Table I. Relatively high levels of 
irrigation arc found in the cast Asian 
countries and in Sri Lanka and Pakistan; 
relatively low levels arc found in Bangladesh, 
T hailand, the Philippines, Laos, Burma, 
Nepal, and Kampuchea. These data are im
perfect, however, for several reasons. First, 
there is the practical matter of data quality. 
The FAO estimates are based primarily upon 
the official statistics of the various countries, 
the reliability of which is variable. Official 
estimates of irrigated acreage in Bangladesh, 
for example, appear to be biased upwards, 
reflecting optimistic assessments of irriga
tion capacity utilisation. 9 Such official
optimism is by no means confined to 
Bangladesh, but its impact upon irrigation 
data may vary from country to country. 
Second, there is the definitional question of 
whether irrigated area refers to land which 
receives any irrigation, however inadequate, 

or only io land which receives sufficient 
irrigation. Ideally, one would like to have a 
breakdown of acreage according to its 
'irrigation coefficient: the ratio of the quan
tity of irrigation water to total water require
ment, which could range from zero to 
one. 10 Even then a problem would remain, 
since water requirements vary among lands 
and among crops, the cultivator's choice of 
which- is itself partly determined by water 
availability. In practice, only the binary 
irrigated/unirrigated acreage breakdown is 
available, and the adequacy of water supply 
on land classified as ·'irrigated' may vary 
considerably. Finally, there is the difference 
between gross and net irrigation estimates. 
The data in Table I represent the net 
irrigated area (land irrigated at some time 
during the year) divided by the net sown area 
(land cultivated at some time during the 
year}, since these are the only figures 
reported by the FAO. If, alternatively, gross 
irrigated area were divided by gross cropped 
area (both of which count the same land 
more than once if it is multiple cropped}, 
one would have a measure of the percentage 
of crops irrigated. The net and gross 
me;tsures will be equal only if the irrigation 
intensity-that is, the number of crops 
irrigated per net irrigated acre per year
equals the cropping intensity. In practice 
these often differ, and the magnitude and 
direction of the divergence vary, depending 
primarily upon whether irrigation sources 
provide water throughout the year or only 
sea onally. These qualifications must be 
borne in mind when examining the data. 

Table I also report rice acreage as a 
percentage of net sown area, to indicate the 
relative importance of rice cultivation in the 

different countries, and per hectare rice 
yields. The importance of rice varies con
siderably among the countries, ranging from 
10 per cent of net sown area in Pakistan to 
more than 100 per cent (by virtue of multi
ple cropping) in Bangladesh, but in most 
cases it is clearly the pre-eminent crop. Rice 
yields per crop in 1983 ranged from less 
than 15 quintals per hectare (qu/ha) in 
Bangladesh, India, Kampuchea, Laos, 
Nepal, anci Thailand, to more than 45 qu/ha 
in Japan and Korea. There is an evident rela
tionship between yields and irrigation, 
as readily seen from the scattergram in 
Figure I. The correlation coefficient between 
the two variables is 0.68; when Pakistan, in 
which rice is a relatively minor crop, is drop
ped from the set, it rises to 0.80. 

Irrigation development is also uneven 
within countries. In India, for example, the 
share of net sown·area irrigated in 1978-79 
ranged from IO per cent in Kerala and 
Maharashtra to 78 per cent in the Punjab 
(see Table 2). /\gain, there is a clear cor
relation between irrigation and rice yields, 
with Punjab and Haryana leading in both 
respects.11 

The unevenness of irrigation development 
·between and within Asian rice-producing 
countries may in part be attributable to dif
ference in ultimate irrigation potentials. 

limate, 10pography, and water availability 
clearly are more favourable to irrigation in 
some settings than in others. To judge the 
relative success of irrigation development in 
different locations, it would be useful to have' 
ome measure of ultimate potential against 

which actual achievements could be weighed. 
• Unfortunately, such data arc not readily 
available. Estimates of water upplies for 

TABLE I: IRRICATIO AND RJC.:E PRODUCTIO IN ASIA, 1983 

Country Net Irrigated Area 1 Rice Acreage2 Rice Yields3 

(Per cent net sown area) (Per .:ent net sown area} (quintals/hectare) 

Bangladesh 20.7 118.9 13.7 
Burma 10.5 48.9 20.7 
China 46.3 34.9 33,9 
India 24.0 24.9 14.7 
Indonesia 36.1 60.7 25.3 
Japan 76.5 53.6 45.6 
Kampuchea 3.1 60.5 6.5 
Korea (N} 48.2 37.3 50.7 
Korea (S} 58.6 60.4 49.5 
Laos 13.6 77.0 10.0 
Malaysia 32.7 68.6 19.1 
Nepal 9.9 55.7 14.3 
Pakistan 73.1 10.0 17.3 
Philippines 17.8 42.0 16.5 
Sri Lanka 50.6 87.0 15.9 
Taiwan 60.0 52.1 27.7 
Thailand 20.0 54.0 13.2 
Vietnam 24.7 84.3 16.5 

Notes: (I} Excluding permanent tree crops. 
(2) Percentage may exceed 100 owing to multiple- cropping.
(3) Clean rice; convened from paddy yield data by FAO conversion ratios of 0.8 for

Japanese brown rice and 0.67 • for white rices.
Sources: FAO Production Yearbook 1983 ;md FAO Production Yearbook /984 (all data 

except for Thiwan). 
Thiwan estimates are from Framji and Mahajan (1969) and Colombo, Johnson 
and Shishido (1978). 
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FIGURE I: SCATTERGRAM OF RICE YIELDS AGAINST PERCENTAGE 
NET SOWN AREA IRRIGATED, 18 ASIAN COUNTRIES, 1983 
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individual countries remain a matter of 
controversy among hydrologists. For exam
ple, a joint study by the government of 
Bangladesh, the FAO and the United 
Nations Development Programme con
cluded in 1977 that groundwater supplies in 
that country were "sufficient to support full 
development of irrigated agriculture for the 
entire area [excluding the coastal zones and 
hill areas] to which surface water supplie 
-are not readily available".12 But a 1982 
study by a British consulting firm arrived 
at far more conservative estimates; in north
western Bangladesh, in the absence of inter
catchment water transfers, the· ultimate 
irrigation potential was estimated to be only 
38 per cent of new sown area. 13 

The assessment of ultimate irrigation 
potentials is further complicated by uncer
tainties about ecological constraints. For 
example, canal irrigation can in some 
instances result in waterlogging and soil 
salinity, reducing agricultural productivity 
and ultimately making land uncultivable. In 
India it is estimated that at least 15 million 
acres of once productive land have been lost 
in this way.14 Similarly, the 'mining' of 
ground water-extraction in excess of the 

40 so 60 70 80 

Nrr Irrigated ere" as per ctnt or nee 50wn arc:& 

rate of natural recharge-leads 10 falling 
water tables and cannot be sustained in
definitely. Irrigation experience around the 
world demonstrates that these long-run 
ecological constraints arc often not well 
understood or taken into account in initial 
plans. 

Aside from the technical difficulties 
involved in assessing ultimate irrigation 
potelll ial, there are economic ones. I rriga
tion development is costly, and at some point 
the marginal cost of bringing additional 
acreage under irrigation can be expected to 
rise. Any definition of 'ultimate irrigation 
potential' must incorporate, implicitly if not 
explicitly, some judgment as to the point at 
which the marginal benefits of further 
irrigation development are no longer worth 
the marginal costs. In the absence of any 
such benefit-cost criterion, Lhe utlimate 
irrigation potential would always be 100 per 
cent: the Chinese could desalinate seawater 
and transport it inland to the deserts of inner 
Mongolia, and so on. In a world of pervasive 
distributional inequities and market im
perfections, however, the measurement of 
costs and benefits is not a straightforward 
task. Moreover, both costs and benefits can 

·be expected to change over ume as a result
of technological change and shifts in factor
and output prices.

State-level estimates of the percentage of
ultimate irrigation potential attained in India 
are reported in the last column of Table 2. 
Bearing in mind the preceding cau"tionary
remarks, these estimates cannot be regarded 
as definitive, but they do permit three ten
tative conclusions. First, there remains 
substantial potential for the expansion of
irrigation in India. Second, the extent 
to which irrigation potential has been 
developed varies widely among states, rang
ing from lt�s than 20 per cent in Assam to 
more than 80 per cent in Punjab and Tamil 
Nadu. Third, there is a clear correlation bet
ween the percentage of the net sown area
irrigated and the percentage of irrigation 
potential realised. In other words, the varia
tions in the share of crop land irrigated can
not be attributed solely to environmental dif
ferences in irrigation potential. T he same is 
probably true of the inter-country dif
ferences reported in Table I.

I 

Alternative Irrigation Strategies: 

Some Characteristics 

Irrigation in Asian rice agriculture varies 
riot only in its pace of development, but also 
in terms of various characteristics including 
water source, power source, capital-labour 
ratio, scale, institutional arrangements, and 
the degree of farmer control. T hese are 
discus ed in turn below. 

(a) WATER SOUR E AND POWER OU'R E 

Irrigation systems arc most commonly 
classified in terms o·f the hydrological and 
engineering criteria of water source and 
power source. The two basic sources of water 
for irrigation are surface water and under
ground aquifers. Surface water can be lifted 
manually, for example by dhones and swing 
buckets, or by animal-drawn devices, or by 
diesel or electric-powered pumps. (A dhone

is a pivoted canoe used in the Indian sub
continent 10 lift water 1-2 metres.) In some 
cases, water distribution can be accom
plished through gravity flow from rivers or 
reservoirs, ;ind no lifting is necessary. A 
single surface water irrigation system may 
combine several power sources; for example, 
water may be drawn from gravity-fed canals 
to field channels by means of a diesel pump, 
and then manually lifted by cultivators to 
irrigate fields lying above the channels. 

In the case of groundwater, there is some 
scope for manual lifting of water from open 
dug wells, and for animal-powered techni
ques. In addition, a variety of manually
operated pumps have been developed for use 
with tubewells, which penetrate that aquifer 
by means of a pipe sunk in a bored hole. In 
most cases, however, groundwater irrigation 
today relies on diesel or electric-powered 
t.ubewells. These are frequently classifed as 
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'deep' or 'shallow', according to not only 
their depth, which depends upon aquifer 
conditions, but.also their capacity, which 
depends upon their diameter and· pump size. 

(b) CAPITAL-LABOUR RATIO 

Irrigation techniques can also be classified 
in terms of their relative factor intensity, that 
is, the ratio of labour to capital used in their 
construction, operation, and maintenance. 
These ratios vary within as well as between 
the various techniques mentioned above. 
There is a clear difference, for example, not 
only between the operational labour re
quirements of hand tubewells and diesel
powered deep tubewells, but also between 
labour-intensive and capital-intensive 
techniques for deep tubewell construction. 
Similarly, in the case of canal irrigation pro
jects the labour-capital ratio in the construc
tion phase can vary greatly, depending above 
all upon the earth-moving techniques 
chosen. The share of labour. can never reach 
100 per cent, but there is a tremendous range 
of variation between the shovel-and-head 
basket method and the use of bullodozers. 1 

When economists speak of the 'direction' 
of technological change, they arc usually 
referring to this dimension. A technological 
change is defined as labour-saving if it 
decreases the average labour-capital ratio, 
capital-saving if it increases the ratio, and 
ncutrai if it leave the ratio unchanged.1�

on-neutral technological change is 
sometimes described as being 'biased' in a 
labour-saving or capital-saving direction. 
This is a rather curious use of the term 'bias', 
in that non-biascdness is defined in terms 
of rhc sra1us quo at any given moment, 
despite the fact that this s1ar11s quo in
croporate the effects of any previou biases. 

An alternative definition woµld start from 
an explicitly normative specification of the 
optimal labour-capital ratio; and define bias 
as a departure from it. Such a norm need 
not coincide with the prevailing capital
labour ratio, either in the economy as a 
whole or in the agricultural sector. Rather, 
it would express judgments as to the ap
propriate shadow prices of labour and 
capital which would depend, among other 
things, upon the priority given to employ
ment generation as a social goal. For pre
sent purposes, however, it need only be 
observed that the labour-capital ratio of ir
rigation techniques ha,_important implica
tions for their economic viability, for the 
distribution of the benefits of irrigation 
development among owners of labour and 
capital, and for the extent to which irriga
tion development can be accomplished by 
relying upon local resources. 

(c) SCALE 

Irrigation techniques can also be classi
fed a,ccording to their scale, the range of 
which is enormous. At one extreme are in
dividual techniques irrigating a fraction of 
an acre: manually-operated tubewells, or 
traditional lift irrigation from dug wells or 
surface water bodies. Al the other are large
scale canal irrigation sys·tems serving tens of 
thousands of acres. In between arc small and 
medium-size reservoirs ('tanks' in south 
Asian parlance) and river diversion works, 
and low-lift pumps and tubewells capable of 
irriga1ing 10 ro 200 acres, depending upon 
soil characreri tic . conveyance losses, 
evapotranspiration rates and the crops 
grown, as "ell as upon 1he volume of water 
produced. 

The scale of an irrigation technique, 

TABLE 2: IRRIGATION AND RICE PRODUCTION IN INDIA, 1978-79 

State Net Irrigated Area Rice Acreage Rice Yield Per Cent of 
(Per cent net (Per cent net (qu/ha) 'Ultimate Irrigation 
sown area) sown area) Potential' 

Realised, 1982-83 

India 26.6 28.1 13.4 SS.8 

Andhra Pradesh 32.2 34.6 18.6 57.6 
Assam 21.4 83.7 9.7 18.S
Bihar 34.7 65.S 9.9 44.4
Gujarat 18.0 4.8 11.6 54.2 
Haryana 52.S 12.7 26.8 69.6
Himachal Pradesh lS.9 17.7 12.S 33.3
Jammu and Kashmir 42.1 36.9 20.4 62.S
Karnataka 13.7 II.I 20.1 so.o 

Kerala 10.3 36.6 lS.4 42.9 
Madhya Pradesh 12.3 25.1 7.4 34.3 
Maharashtra 10.4 8.2 14.7 45.2 
Orissa 18.8 71.7 to.I 40.7 
Punjab 78.1 25.2 29.2 83.3 
Rajasthan 18.7 1.4 II.I 69.2 
Tamil Nadu 44.1 41.6 22.S 82.1 
Uttar Pradesh S0.9 29.2 11.6 68.9 
West Bengal 26.9 83.6 13.6 S0.8 

Sources: Government of India, Ministry of Planning, Central Statistical Organisation, Statistical 
Abstract India 1979 and Statistical Abstract India 1982. 
Estimates of percentage of ultimate irrigation potential realised are calculated from 
data in Tota Services, Statistical Outline of India, 1984, Tobie SJ. 
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• coupled with the operationai structure of
landholdings, determines how many culti
vators must jointly use the water for the unit
to operate at its full capacity. The agrarian
structure of Asian rice-producing countries
is typically characterised by fairly small and
fragmented landholdings. In Bangladesh,
for example, the average farm size is approx
imately two acres, and consists of half a 
dozen non-contiguous plots. As a result, the 
efficient use of a deep tubewell with a 
capacity to irrigate 80 acres typically would 
involve n:iore than one hundred cultivators.
Hence Asian rice irrigation very often
requires an institutional framework within
which co-operation among individuals
is achieved, and conflicts among them
resolved, in both the construction of irriga
tion facilities and their day-to-day operation 
and maintenance. The social difficulties of 
achieving joint water use among many ir
rigators may exceed the technical difficulties 
of constructing large-scale systems, a fact 
which has become increasingly recognised 
in recent years in large canal irrigation
schems. For some purposes, therefore, the
number of cultivators involved may be a 
mori: meaningful measure of scale than the
number of acres irrigated.

(d) INSTITUTIONAL ARRA GEMENTS 

/\ classification of irrigation systems in 
terms of institutional characteristics has 
been advanced by hambers (1980), who 
distinguishes five types of irrigation 
organisations based upon different processes 
for the allocation of water. The first is direct 
appropriation, in whic� the user acquires the 
water directly from its source. The second 
is acquisition through con1ract, in which the 
user acquires water through an exchange 
relationship with a supplier. The third is 
communily alloca/ion, in which a com: 
munal source of water is allocated among 
a community of users. The fourth is bureau

cratic allocation, in which water is allocated 
by a bureaucratic agency (governmental or 
parastatal) directly to individual users. The 
fifth is bureaucratic-communal allocation a 
hybrid type in which water is first allocated 
by a bureaucratic agency to communities of 
users, and then by the communities to their 
individual members. 

Chambers notes that in practice the lines 
between these types are often fuzzy, but the 
possibility of boundary disputes does not 
detract from the importance of the distinc
tions upon which his classification is based. 
There are, of course, further distinctions to 
be drawn within each of these organisational 
forms. For example, in the case of 'acquisi
tion through contract: there are a variety of 
possible payment systems, including sales of 
water on a volumetric or time basis, fixed
rate payments on an acreage basis, or 
'sharecropping' with water in which the 
water supplier receives a share of the crop. 17 

Similarly, community water allocation 
systems include the· physical division of 
water flows, rotational distribution of water, 
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with or without acreage restrictions upon 
individuals, and less formal methods in 
which water is 'not so much allocated as ap
propriated' by those who have the political 
or physical strength to do so. 18 

Closely related to these water allocation 
methods are different institutional arrange
ments governing the construction and 
maintenance of irrigation facilities. In the 
case of direct appropriation, the irrigation 
asset is typically owned and maintained by 
the individual user. In the case of contrac
tual acquisition, the water supplier typically 
would have installed the irrigation facility 
and would bear the responsibility for its 
maintenance, although some water supply 
contracts include provisions whereby the 
buyer pays certain maintenance costs. Com
munity systems employ a variety of pro
cedures, many of which are designed to 
ensure that individual contributions to con
struction and maintenance costs are roughly 
proportional to expected benefits. For cxam
'ple, Chambers describe� several surface
water irrigation systems in south India 
which rely on communal labour for their 
maintenance. In one muti-village system, 
each village agreed to provide labour at the 
rate of one man for every ten acres irrigated; 
in another system, every family's labour 
obligation was proportional to its acreage; 
and in a third, each cultivator was obligated 
to clear three feet per day of the water supply 
channel for every acre of land irrigated.19 
In the case of bureaucratic ystems, con
struction and maintenance are typically 
financed by the government and labour is 
hired on a wage basis, although China' 
labour accumulation' projects provide an 
example of non-wage labour mobili at ion. 20 
In the former case, the construction and 
maintenance arrangement may differ little 
from those which would be employed by a 
private owner, while in the latter case the 
arrangements may be closer- to those of a 
community irrigation system. 

(e) Co TROL 

Chambers' five-fold organisational 
classification points to a further dimension 
in which irrigation methods vary, which can 
be termed 'farmer-controlledness'. :i The 
economic- significance of this dimension for 
the cultivator is evident, since greater per
sonal control.implies fewer constraints upon 
crop choice and upon the timing of agri
cultural operations, and greater certainty 
that water will be available in the desired 
amount at the desired time. This dimension 
also has far-reaching social and political 
ramifications, for control over water is in
extricably linked to control over people. It 
is this linkage which formed the basis of 
Wittfogel's (1957) famous theory of 'Orien
tal despotism', according to which the 
managerial requirements of irrigation 
development led to the emergence of 
despotic, 'agro-bureaucratic' states in ancient 
China, India, Egypt, and Mesopotamia. 
Similarly, Worster (1985) has recently 

characterised the western United· States in 
the present century as a 'hydraulic society' 
in which water development has given rise 
to "a coercive, monolithic, and hierarchical 
system, ruled by a power elite based upon 
the ownership of capital and expertise". 22 

Although the degree of farmer control is. 
mediated by the institutional arrangements 
distinguished by Chambers, one cannot 
assume that control necessa.rily decreases, 
step by step, as one moves through the 
categories from direct appropriation to 
bureaucratic-communal allocation. Acqui
stion through contract, for example, does not 
always impart greater control to the water 
user than a community or bureaucratic 
system. The cultivator remains dependent 
upon the supplier, who in turn may depend 
upon others for fuel, spare parts, or 
maintenance. The contracts linking these 
individuals are often incomplete, and their 
enforcement is costly. This is illustrated by 
a case in Bangladesh, in which the private 
controllers of a deep tubewell unilaterally 
altered the t.erms of their agreement to sell 
water to other cultivators, at the crucial 
nowering stage of the rice crop, by reneg
ing upon their commitment to provide the 
diesel fuel. Fuel coulcfbe obtained only with 
great difficulty on the black market, and 
only timely rains saved the water purchasers 
from serious losses. 23 Even direct ap
propriation need not imply maximum 
farmer control given the possibility of 
externalities. Thus a cultivator relying upon 
his or her own hand tubewell or dug well 
could be left without water if the use of 
shallow or deep tubewells by neighbouring 
cultivators causes the water table to fall. 24 

The degree of farmer control is also 
distinct from the scale of an irrigation 
system, although the two are often inversely 
related. There is a tendency for increases in 
scale (in the number-of-cultivators sense) to 
be accompanied by a loss of farmer control 
for two reasons. First, larger systems typically 
require sophisticated technical expertise for 
their planning, execution, and operation, 
and those who possess such expertise are 
likely to demand, and secure, a substantial 
measure of control. Second, the allocation 
of water among individuals and com
munities is a source of connict, particularly 
in times of water scarcity, and adjudication 
of these conflicts by a higher authority again 
entails a. loss of control. 25 

The degree to which this tendency can be 
counteracted by the development of demo
cratic irrigators' institutions is an open ques
tion, but it is clear that even large-scale 
systems can involve substantial local control 
over water allocation and infrastructure 
maintenance. Critics of Wittfogel have·ques
tioned the degree to which traditional Asian 
irrigation systems were administered by a 
centralised bureaucracy, arguing that com
munity participation at the local level was 
in fact crucial to their success. 26 In this con
nection, some authors have drawn a distinc
tion between 'bottom-up' and 'top-down' 

• approaches in large nver diversion schemes. 
The starting point for the former is the 

• small, local irrigation system; the larger 
inter-connecting· network emerges only in 
response to the demand of local irrigators 
for further water supply and better· water 
control. In this model the water users and 
local terminal systems are viewed as the main 

systems, while the interconnecting works, "in 
spite of all their technological complexities, 
gigantic sizes, and involvement of central 
authorities, are still no more than • sub
systems". 27 The top-down ·approach inverts 
this outlook: irrigation plans are based solely 
upon engin�ring and financial criteria, not 
upon the 'demands of local irrigators. 
Terminal-level systems are seen as sub
systems, and any concern with them often 
arises as an afterthought. In the first ap
proach, the cultivators are the initiators of
irrigation development; in the second, they 
are treated as its instruments. 

V 

Determinants of Pace and 

Direction of Irrigation 

Development 

Why is irrigation more developed in some 
places than in others, and why do techniques 
with particular characteristics predominate 
in certain settings? These two questions are 
addressed jointly in this section, for their 
an wers may be interrelated. A hypothetical 
example will illustrate the connection. Let 
us suppose that a country's topographical 
conditions, landholding pattern, and factor 
endowments imply that the direction of its 
irrigation development should be large- cale 
(in the multi-user sense) and highly labour
intensive, and that at the same time other 
social, political, or economic factors block 
this type of development. The result could 
be a stalemate in which irrigation develop
ment is impeded either until the obstacles 
to multi-user, labour-intensive techniques are 
removed, or until different techniques 
emerge as a viable alternative. In other 
words, the forces shaping the direction of 
irrigation development could also help to 
explain its pace. Five sets of determinants
population pressure., geography, the agrarian 
structure, cultural factors, and the role of the 
state-will be considered below. This list of 
possible determinants, although by no 
means exhaustive, draws together a number 
of recurrent strands in the Asian rice irriga
tion literature. 

(a) POPULATION PRESSURE 

The intensification of agricultural produc
tion, of which irrigation development is one 
means, has often been attributed to the need 
to support growing numbers of people on 
a liinited land area. Indeed, some anthro
pologists maintain that the' advent of 
agriculture itself, via the domestication of 
plants and animals some 10,0<Xl years ago, 
�as a response to demographic pressure. 
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Thus Cohen H977) writes that the growth 
of hunting and gathering populations made 
a new mode of subsistence necessary: 'the 
development of agriculture was an adjust
ment which human populations were forced 
to make in response to their own increasing 
numbers: 28 Similarly, Ester Boserup (1965) 
has argued that population pressure led to 
shifts from slash-and-burn agriculture to 
settled cultivation,.and led to the intensifica
tion of cultivation even in fairly densely 
populated settings. such as Japan and 
Java.29 In the •same vein, Colin Clark has
termed population growth "the principal 
motive force' behind the events which 
'historians tend to describe as 'agricultural 
revolutions'", including the clearing of un
cultivated land, the drainage of swamps, and 
the introduction of improved crops and 
manures.30 

Simon (1975) applied this logic directly to 
irrigation systems. His cross-sectional 
analysis of 48 third world countries, and of 
a subset of 18 Asian countries, revealed 
strong positive correlations between irriga
tion and population density, a finding he 
interprets as indicating that population 
pressure leads to higher levels of non• 
monetised capital formation in the form of 
irrigation systems. This correlation could_ 
also arise, at least in part, from the reverse 
line of causality: irrigation development 
could lead to higher population densities by 
raising life expectancies, inducing in
migration, and so on. Simon dismisses this 
possibility with the statement that although 
irrigation may affect intra-country popula
tion distribution, it would not affect popula
tion densities at the national level, 'given the 
reasonable assumption that the irrigation 
project does not affect national fertility or 
international migration'.31 An even stronger 
assumption would be needed, to sustain 
Simon's unilinear interpretation of the cor
relation, namely that inter-country. dif
ferences in population density are not at
tributable to other factors, such as dif
ferences in water endowments, which also 
help to explain the variations in irrigation. 

The view that demographic pressure can 
induce agricultural intensification stands in 
marked contrast to the bleak Malthusian 
proposition that population growth follows 
upon, and ultimately swallows up, any gains 
in agricultural productivity. The former 
holds out the possibility of rising per capita 
incomes; the latter predicts that the mass of 
humanity will inevitably subsist in abject 
poverty, with their numbers held in check 
only by disease, war, or starvation. The 
history of the West amply demonstrates the 
twin fallac;ies of the Malthusian logic
the underestimation ,of the potential for' 
technological change, and the neglect of the 
possibility of a 'demographic transition' to 
low fertility rates. Yet Malthusianism 
remains a major theme in contemporary 
discussions of the third world, and many 
writers have questioned the applicability of 
the Boserup thesis in the latter context. 

Indeed, Boserup herself remarked that the 
necessary investments for agricultural 
growth might not be forthcoming in 'densely 
peopled communities if rates of population 
growth arc high'.32 Soim scholars have gone 
further, and argued that in such a setting, 
population growth could in fact adversely 

affect agricultural growth, in absolute as well 
as per capita terms, by leading to lower sav
ings rates, environmental degradation, and 
inefficient agrarian structures. 

There is no reason to expect that the direc
tion or magnitude of-the effects of popula
tion pressure upon agricultural growth will 
be c crywhere the same. Empirical studies 
can �hed light, however, upon the relative 
5trength of the predicted positive and 
negative effects in specific historical and en
vironmental settings. A district-level analysis 
of Bangladesh and West Bengal reveals that 
in world's most densely populated agri
culrural region-the Bengal dclta-positi,·c 
inducement effects from population gro" th 
are not entirely absent. Districts which 
experienced more rapid rural population 
growth in the first half of the present cen
tury subsequently have experienced more 
rapid agricultural growth. JJ Nevertheless, 
per capita agricultural output in Bangladesh 
and West Bengal has declined since 1950, 
and in this sense, the positive effects of 
population pressure were inadequate. 
Population pressure may well have played an 
important role in the development of irriga
tion in many Asian settings, but the low level 
of irrigation in Bangladesh today. where 
demographic pressures are exceptionally 
intense, makes it clear that population 
pressure alone is not sufficient to ensure ir
rigation development. 

The theory of induced innovation predich 
that population growth will affect the direc
tion as well as the pace of irrigation develop
ment: a rise in the ratio of labour to land 
and capital will lead to labour-using 
technological change. In the first major em
pirical application of this theory, Hayami 
and Ruttan (1971) found that in the 

0

19th cen
tury, Japan, with relatively abundant labour 
and scarce land, experienced land-saving, 
labour-using technological change, whereas 
the US, with relatively scarce labour and 
abundant land, experienced labour-saving 
technological change. The Japanese innova
tions were largely bio-chemical, involving 
new varieties, fertilisers, line planting of 
paddy, and so on, while in the United States 
the innovations were primarily mechanical. 

Prices play a key role in induced innova
tion theory, for it is shifts in the relative 
prices of labour and other inputs which 
stimulate a search for "new methods of pro
duction which will use more of the now 
cheaper factor and less of the expensive 
one".34 The theory runs irito difficulties. 
howev.er, when different producers face dif
ferent.sets of factor prices. In much of rural 
Asia, larger landowners face lower prices for 
land and capital relative to labour than do 
smaller landowners: This reflects differen-, 
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tial access to capital m·arkets and to govern
ment subsidies, differences between hired 
and family labour, and differences in the 
costs of supervising hired labourers. As a 
result, agricultural techniques are often 
found to vary systematically across farm size 
classes, with smaller farms using relatively 
more labour and less capital per acre. 35 For
this reason, Griffin (1974) distinguishes bet
ween 'landlord-biased' and 'peasant-biased' 
technical change; the former refers to techni
ques which can be profitably adopted only. 
by cultivators who face relatively low prices 
for capital and material inputs, while the 
latter refers to techniques which are pro
fitable only for those who face a relatively 
low price of labour. In such a situation the 
direction of technological change, rather 
than being dictated by the-relative factor en
dowments of the economy as a whole, will 
be subject to different demands from dif
ferent classes. The balance of power among 
rural classes can thus be expected to in
lluence the degree to which irrigation 
development proceeds along a labour
intensive or capital-intensive path. 

Population pressure may also inlluenc� 
the institutional arrangements, scale, and 
farmer-controllcdness of irrigation develop
ment. Two opposing inlluences can be 
hypothesised. On the one hand, larger 
populations increase the difficulty of collec
tive action. A 01 on (1965) noted, the larger 
the number of people who benefit from a 
public good, the smaller the share of the 
gains that accrue to any one individual, and 
the higher the transactions costs involved in 
its provision. This' makes the 'free rider' 
problem-whereby individuals seek to reap 
the benefits of a collective good without 
sharing in its costs-more severe, and im
plies that as the number of indiv°iduals 
increases, the supply of collective action 
decreases. A small-scale river diversion pro
ject, for example, will be easier to organise 
if 50 households are involved than if 500 are 
involved. On the other hand, a growing 
population increases the demand for food 
and hence for irrigation, and this in turn 
increases the need for institutional arrange
ments to achieve joint use of water resources. 
The net effect of population pressure upon 
the extent of collective action in irrigation 
will depend upon the relative strength of 
these opposing 'supply' and 'demand' ef
fects, and upon the ease with which irriga
tion can be supplied by alternative private 
or bureaucratic means. 

(b) GEOGRAPHY 

Geographical factors-topography, 
hydrology, rainfall, and temperature
constitute a second set of determinants of 
the pace and direciion of irrigation develop
ment. These factors affect both the need and 
the possibilities for irrigation, that is, 
both demand and supply. On the demand 
side, however, one must be wary of the 
mechanistic assumption that areas with 
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higher rainfall ·and lower evapotranspiration 
losses always have less need for irrigation. 
Once variations in population density are 
taken into account this simple inverse rela
tionship breaks down. The Pearl River delta 
in China and the Bengal delta in south Asia, 
for example, receive far more rainfall than 
the deserts of Xinjiang or Rajasthan, yet 
when their very different population den
sities are taken into account, it is by no 
means clear that the demand for irrigation 
is greater in the more arid settings. 

Certain geographical effects upon the 
possibilities for irrigation development are 
quite obvious. Differences in the volume of 
river flows, for example, clearly affect the 
potential for surface water irrigation. Gentle 
slopes are more conducive to river diversion 
irrigation than either very flat or very steep 
terrain. 36 Where river flows are highly
seasonal, the construction of ponds, tanks, 
and reservoirs to impound water for dry 
season use will ;issume greater importance, 
and this will increase irrigation costs. 37 
Similarly, water table depths and recharge 
rates directly affect the possibilities for 
groundwater irrigation. 

In discussing the effect of topography 
upon irrigation development, Hsieh and 
Ruttan (1967) draw a basic distinction bet
ween mountainous and deltaic regions. They 
argue that the short river valleys and nar
row coastal plains of Japan and Taiwan "lent 
themselves to locally organised, small-scale, 
labour-intensive irrigation and drainage 
works", whereas the broad river valleys and 
plains of southeast Asia require large 
national systems, the construction of which 
"lends itself to much more capital-intensive 
patterns of investment". 38 Since the latter
impose greater organisational and invest
ment requirements, these topographical dif
ferences could help to explaiQ variations in 
the pace as well as the direction of irriga
tion development. A similar argument is 
advanced by Hayami (1981), who contrasts 
tile possibilities for local collective action in 
the hilly terrain of Japan and Java to the 
impracticability of such action in the Chao 
Phraya River delta of central Thailand. 

The links between topography and the 
pace and direction of irrigation development 
may be less straightforward than these 
jlUthors suggest. First, there is no necessary 
connection-bet ween scale and capital inten
sity. Asian rice irrigation provides examples 
both of large-scale, labour-intensive irriga
tion projects and of small-scale, capital
intensive ones. Second, even in flat deltaic 
regions there is considerable potential for 
small-scale irrigation works, notably in the 
construction of ponds and the use of 
groundwater. Finally, the large ancient 
irrigation systems· of China and Indus 
demonstrate that scale alone does not 
pose an insuperable obstacle to water 
development. 

While geographical factors undoubtedly 
play a major role in shaping the hydrological 
and engineering features of irrigation 
systems, their role in determining the pace 

and direction of irrigation development thus 
cannot be regarded as decisive. Japan and 
Java are both mountainous, yet local institu
tions for water control have developed more 
successfully in the former. China's Pearl 
River delta and the Ganges-Brahmaputra 
delta of Bangladesh share of similar 
topography and climate, yet irrigation is 
more extensively developed in the former. 
Clearly, there are other factors at work 
which affect the ability of a society to 
modify its physical environments. 

(c) AGRARIAN STRUCTURE 

Asian rice agriculture provides little sup
port for the belief, grounded in some inter
pretations of European and North American 
experience, that large-scale farming is 
inherently more effici�nt and dynamic than 
small-scale agriculture. As Bray (1983) 
observes, the historical trend in Asian rice 
agriculture has been towards smaller and 
smaller production units. In some cases, 
such as late nineteenth-century China and 
contemporary Java, this trend has been 
associated with a stagnant agricul.ture and 
deepening rural impoverishment, but in 
others, sue!) as medieval China and 
Tokugawa Japan, holding size reductions 
were accompanied by 'spectacular increases 
in agricultural productivity'. 39 

Much of the literature concerning the im
pact of agrarian structure upon agricultural 
productivity in Asian.rice-producing coun
tries has focused upon . inter-farm dif
ferences. In many cases, researchers have 
found an inverse relationship between farm 
size and land productivity; that is, smaller 
farms often have higher output per acre than 
large ones.40 Differences in irrigation
sometimes contribute to the size-productivity 
relationship. For example, Rao (1966) found 
an inve�se relationship between farm size 
aod irrigation in India in the 1950s. Given 
the high labour requirements of wet-rice 
agriculture and traditional irrigation techni
ques, these findings can be attributed, at 
least in part, to lower labour and supervi
sion costs on smaller farms-a powerful 
argument in their favour.41 

More recen.tly, however,· the . spread of 
capital-intensive 'moder n' irrigation 
technologies, such as shallow and deep 
tubewells and low-lift pumps, has led in 
some places to the erosion or reversal of the 
inverse relations between farm size on the 
one hand and irrigation and land produc
tivity on the other.42 Larger cultivators fre
quently obtain greater access to these new 
technologies for three reasons. First, if the 
allocation is left to the market, the larger 
cultivators are better able to afford the 
substantial outlays required. Second, if 
irrigation equipment (or credit to buy it) is 
rationed or subsidised by the government, 
the larger cultivators often receive preferen
tial treatment owing to their political 
leverage. Finally, larger cultivators are bet
ter able to utilise such irrigation techniques 
to capacity on their own holdings. The last 

fa·c1or ·is significant only insofar as.institu
tional mechanisms for joint water use are 
imperfect, entailing greater costs or risks 
than individual use. Both a priori reason
ing and practical experience suggest I.hat this 
is so. 

Inter-regional differences in the degree of 
sub-division (the splitting of an agricultural 
holding into a number of smaller holdings) 
and fragmentation (the existence of a 
number of non-contiguous plots within a 
single holding) may thus affect the spred of 
private irrigation techniques. Dhawan (1977, 
1982) has calculated that the minimum farm 
size at w�ich a shallow tubewell becomes 
profitable on an indi.vidual holding in nor
thern India increases steadily as one moves 
eastwards across the Gangetic plain, 
primarily owing to differences in fragmen
tation and interest rates. At the same time, 
the average holding size declines from west 
to east. The combined effect is a far greater 
need for institutional mechanisms for co
operative tubewell use in the east than in the 
west, and Dhawan suggests that this helps 
to explain why tubewell irrigation in West 
Bengal and Bihar is lagging far behind that 
in Punjab and Haryana. 

Despite the fact that Asian rice irrigation 
very often involves joint water use by a 
number of cultivators, relatively little atten
tion has been devoted to the impact of 
agrarian structure upon collective action in 
irrigation. Both sub-division and fragmen
tation increase the number of individuals 
involved in the irrigation of a given acreage, 
and as noted above, this will, ceteris paribus, 
increase the difficulty to collective action. 
But aside from this simple effect upon the 
number of individuals involved, the agrarian 
structure will also, and perhaps more impor
tantly, affect the relationships among the e 
individuals. In particular; it can be 
hypothesised that the degree of equality of 
the agrarian structure, as measured, for 
exa.mple, .by the Gin°i coefficient of land 
ownership distribution, 43 will affect the 
likelihood of collective action. Plausible 
arguments could be advanced in either direc
'tion, for both co-operation and dictatorship 
provide possible solutions to public good 
problems. It could be argued that greater 
equality 'facilitates collective action, since it 
reduces the scope for malfeasance by a 
powerful minority who might otherwise be 
able· to pursue their self-interest at the ex
pense of the community as a whole. Or it 
could be argued that inequality is conducive 
to collective action, in that if fosters the 
emergence of strong leaders whose authority 
helps to initiate group action and prevent 
free riding. Both points of view have been 
expressed in the Asian irrigation literature. 

A number of -authors have maintained 
that relatively egalita:rian agrarian structures 
help to foster social cohesion in general and 
collective irrigation activitie� in particular. 
The basic idea is that people are more willing 
to collaborate in a joint endeavour when 
they are assured of a fair share of the 
benefits. Thus Colombo et al (1978) note, 
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"It has often been °reported that community 
work programmes are difficult to organise 
for irrigation projects that primarily benefit 
larger farmers and landlords". As an exam
ple, they cite research carried out in the 
Philippines by the International Rice 
Research Institute, which indicates that "par
ticipation of community members in com
munal irrigation projects is greater and more 
uniform in a village where farmers arc more 
homogeneous in terms of tenure and farm 
·size".44 

Several researchers in India have drawn 
similar conclusions. For example, a recent 
analysis ot ten irrigation tanks in Tamil 
Nadu concluded: 

One of the most important fac.1<>rs besides 
water scarcity which encouraged farmer co
operation in acquisition and distribution of 
the water was the homogeneity of farms. The 
smaller the variation in farm size, the belier 
the co-operation among the farmers on tank 
management issues. 4� 

Studies of river diversion-based tank irriga
tion in south Bihar and canal irrigation in 
Gujarat have likewise indentified equitable 
property relations as one determinant of suc
cessful group action.4� 

Many economists are uncomfortable with 
such conclusions. Thc:y note that an equal 
distribution of benefits is necessary�nly if 
we assume that costs are borne equally. If 
cost were distributed in proportion to 
benefits, then inequality would not pose a 
barrier 10 collective act ion. The only con
flict between individual rationality and col
lective rationality i then the free rider pro
blem, which arises when individuals believe 
they can obtain in the benefits without bear
ing any co t . But this arises regardless of 
the degree of inequality. 

To understand how inequality c.:ould make 
the resolution of public good problems more 
difficult, we must probe more deeply into 
the conflicts between individual and collec
tive rationality. One uch conflict, frequently 
observed in irrigation systems, is that ex
cessive water use by those with first access 
often deprives 'tail-enders' of their share. 
Cultivators with unrestricted access to water 
frequently find it more profitable to grow 
highly water-intensive crops, such as rice, 
than less water-intensive ones such as wheat 
or oilseeds. Similarly, treating the marginal 
cost of water as near-zero (since volumetric 
pricing is seldom practicable), they may use 
water to save labour by drowning weeds.47 
Furthermore, if the future reliability of the 
water supply is uncertain, they will seek to 
store as much water as possible in their own 
rice fields or ponds. Such water use is 
rational for the individual cultivator, yet less 
water-intensive cropping patterns and prac
tices would" often be more profitable from 
a social standpoint, expanding total irriga
tion coverage and maximising returns per 
unit water.48 This dilemma is most fre
quently ascribed to location-based dis
parities:. the lands of some cultivators lie 
closer to the head of the system than those 
of others, and in the absence of countervail-

ing pressures the former take advantage of 
this fact. An analogous situation can arise 
wiihin any given locality, however, in the 
relationship between large landowners and 
small landowners. In Indonesia, for exam
ple, it has been reported that the "wealth and 
power of some rich landowners have enabled 
them to gain rontrol of irrigation water to 
benefit themselves; as a result, they enjoy a 
surplus of water while others have to en
dure water shortages and consequent low 
productivity". 49 In such, cases, the smaller
landowners might be termed 'political 
tail-enders: 50 

Location-based disparities would be 
reduced if individual landholdings were 
fragmented such that each cultivator has 
plots at the head, middle, and tail of the 
distribution system. Precisely this arrange
ment of landholdings has been reported in 
studies of traditional community irrigation 
systems in Sri Lanka, the Philippines, and 
lndi,,I. 51 When applied to the analogous 
problem posed by size-based disparities, this 
suggests that a more equal distribution of 
holding sizes would increase irrigation 
efficiency. 

An analysis of public canal irrigation in 
India's Punjab reports a variant of this pro-

. blem, arising when tubcwell irrigation was 
introduced as an alternative water source. In 
both districts studied, maintenance of water
courses was the joint re pon ibility of all 
cultivators who shared a given outlet. This 
worked well in one district, "where canals 
were the only fea ible source of irrigation 
and all the shareholders, therefore, had a 
vested intere t in the efficient operation of 
the ame". In the. ccond di trict, however, 
those farmers who had been able to install 
tubewclls subsequently neglected water
course maintenance, "thereby depriving eve1. 
the others of water since it was not practical 
for them to clear the entire length".52 It was 
typically the poorer cultivators who lost 
access to irrigation, since they could not 
afford tubewells. 

Elsewhere (Boyce, 1987) I have presented 
evidence that an inegalitarian agrarian struc
ture poses a serious impedim!!nt 10 water 
control development in Bangladesh, where 
ten per cent of rural households own more 
than half the cultivable land. The argument 
can be briefly summarised here. The mobi
lisation of seasonally underemployed labour 
for water control projects in the slack winter 
season is impeded, in the first instance, by 
the fact that the landless and near-landless 
families who have the surplus labour do not 
own the land which would be improved. 
Therefore, they must be paid and supervised. 
l_n theory, local land.Jowners could pool their 
financial and managerial resources for this 
purpose, but in praciice they seldom do so 
owing to (a) problems of co-operation 
among themselves; (b) the ·availability of 
capital-intensive irrigation alternatives, 
which are often subsidised; ( c) the presence 
of more profitable avenues of investment 
often outside the agricultural sector; and 
(d) the landowners' perception, which finds
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some basis in the history of government 
rural works projects, that agricultural 
labourers might organise if brought together 
to work in one place for an extended 
period of time, with potentially explosive 
consequences. 

Efforts to circumvent these obstacles via 
government initiation and funding of rural 
works projects run into a further set of dif
ficulties. The motivation of the participants 
in such projects shifts from the mobilisation 
of internal resources for· long-term land 
improvements to the capture of external 
resources for immediate gain. The - local 
committees which implement the projects 
arc dominated by politically well-connected 
large landowners. This has three negative 
effects upon the productive impact of the 
projects: (I) a substantial fraction of 
the allocated resources are lost through 
'leakages', which constitute a direct form of 
political patronage; (2) projects are elected 
so as to maximise returns to the dominant 
individuals, through enhanced land values, 
rather than to maximise social returns; and 
(3) maintenance is neglected in the absence 
of continued external financing. 

Similar problems afflict deep tubewell. 
development in Bangladesh. Although 
nominally provided to 'irrigation groups' 
comprising a hundred or more cultivators, 
government installed deep tubcwells arc fre
quently controlled by a small clique of 
powerful individuals. Again, efficiency as 
well as equity suffers, as these individuals 
set out to maximise their own self-interest. 
First, the tubewells tend to be sited at loca
tions which are optimal not from a technical 
tandpoint, but rat lier from the standpoint 

of the controlling individual . H Second, 
monopoly pricing of irrigation water, 
favouritism in water allocation, and the 
possibility that ·the terms of water supply 
agreements will be unilaterally altered in 
mid-season by the 'waterlord' combine to 
discourage other cultivators whose lands lie 
within the command area from purchasing 
water. Third, the tubewell controllers may 
deliberately withhold water from other 
cultivators, with a view to ultimately gain
ing control oft heir land, ihe potential value 
of which is greatly enhanced by access to 
irrigation. Finally, the resentment of those 
excluded from the tubewell's benefits, for 
whom the watcrlord's enhanced wealth and 
power·is not only a source of envy but also 
a potential threat, manifests itself in the 
sabotage of irrigation equipment. These 
social factors, rooted in the country's 
inegalitarian agrarian structure, help to ex
plain why a large percentage of Bangladesh's 
deep tubewells are non-operational, and why 
those which are operational tend to be 
chronically underutilised. 54 

A remarkable institutional innovation in 
Bangladesh·, in which irrigation assets are 
provided to landless co-operatives, hints at 
the potential production gains of a more 
egalitarian framework. In the early 1980s a 
number of landless groups, which had been 
previously organised by non-governmental 
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organisations, were provided with tubewells 
and low-lift pumps by the ministry of 
agriculture. The landless groups operate the 
irrigation equipment and sell the water, 
sometimes on a cash basis and sometimes 
for a share of the crop, to landowners within 
their command areas. Ownership of water 
is thus divorced from ownership of land
a separation facilitated, as Wood (1984) 
ob�erves, by the country's fragmented land-

• holding pattern-and control of the water
resides in the hands of people from the 
poorest stratum of the rural society. The 
distributional implications of such a strategy 
are of course far-reaching, but for present 
purposes it is the efficiency implications 
which are of interest. Wood reports that 
"small farmers get better access to water 
through not being political tail-enders". In 
a 1985 survey of 92 tubewell and low-lift 
pump schemes, Palmer-Jones found that 
those pumps managed by landless groups 
performed as well or better than private
pumps or traditional state-sponsored pro
jects. He concluded that "the belief that the 
landless will not put irrigation of their own 
lands first or use control of water to obtain 
control over others' land" contributed to 
larger command areas and possibly higher 
yields on the irrigation schemes managed by 
the landless. ii 

The experience of China has also been 
cited in support of the proposition that a 
more egalitarian agrarian structure facilitates 
collectiv.c action. The percentage of acreage 
irrigated in China expanded greatly after the 
1949 revolution and the accompanying land 
reforms, and while not problem-free, water 
management in hina appear� to have. ur
mounted a number of the diff

iculties en
countered elsewhere in Asia. Reporting on 
canal irrigation in the arid Xinjiang region, 
Griffin observes: 

Certainly there is no problem, common in 
other countries, of farmers located conve
niently at the head of the system getting more 
than their share of water or of richer farmers 
obtaining•·extra supplies of water through 
bribery. The high degree of economic and 
social equality in the rural areas obviously 
helps to overcome problems such a, these, 
as does I he existence of well-organised com
munal institutions.1' 

It will be instructive to sec how th.:- recent 
shift of Chinese agricultural policy towards 
greater reliance upon individual incentives, 
and greater tolerance of inequalities, will 
affect water allocation and irrigation system 
maintenance. 57 

An opposing strand in the literature sees 
inequality as playing a positive role by 
facilitating hierarchical, top-down control of, 
irrigation systems. It has been argued, for 
example, that community irrigation in India 
has historically been "predicated on the 
existence of inequality", since "inequality in 
landholdings allows for sufficient private 
gains to the dominant caste/lineage/ethnic 
group to invest in organising local irriga
tion". 58 This line of reaso,ning casts doubt' 
upon any presumption that greater equality-

invariably increases the likelihood of collec
tive action. The essential problem, it will be, 
recalled, is the gap between what is rational 
for the individual and what is rational for 
the society as a whole. The incquality-as
advantoge argument rightly observes that 
one solution to this problem is for a cohesive 
subset of individuals to achieve sufficient 
economic and political dominance to cap
ture the lion's share of the benefits and '°
compel others to contribute as necessary to 
this end. 

The inequality-as-disadvantage argument 
sketched above reminds us, however, that 
economic and political domination is 
seldom absolute, or absolutely secure. The 
weak employ myriad 'everyday forms of 
resistance' to- combat. the power of the 
strong. 59 This resistance constrains b9th the
willingness and the ability of the strong to 
ensure the efficient utilisation of productive 
resources. Property rights to land and water 
are neither immutable nor indisputable, but 
rather arc an object of incessant struggle, 
and irriga1ion develops in this contested 
terrain. Powerful (though not omnipotent) 
.individuals shape irrigation development in 
their own interest, but this need riot coin
cide with the public interest, even if the 
la11er is very narrowly defined in terms of 
efficiency. Asian rice irrigation thus il
lustrates the tension between the potentials 
for co-operation and conflict inherent in all 
economic intercourse. A more egalitarian 
agrarian structure does not eliminate con
flicts over water but at least it avoids those 
social tensions inherent in the subordination 
of the many to a few. 

The success with which co-operative solu
tions are achieved and conflicts resolved in 
a given demographic and environmental set
ting cannot, in any event. be mechanically 
reduced to a simple function of the agrarian 
structure. II also depends crucially upon how 
that structure and its attendant social rela
tions are perceived b:,, the people who con
stitute it. This brings us 10 fourth influence 
upon the pace and direction of irrigation 
development: culture. 

(d) CULTURAL FACTORS 

Remarking upon differences in irrigation 
development in settings with similar popula
tion pressure and topography, Hayami (1981) 
has maintained that local irrigation institu
tions emerge more readily in the cohesive, 
'tightly-structured' communities of Japan 
than in the more individualistic, 'loosly
structured' communities of southeast Asia. 
The validity of this 'tight-loose' distinction, 
first advanced by Embree (1950) in his work 
on Thailand, remains a matter of debate 
among anthropologists. 60 Nevertheless, 
culture often plays a vital role in facilitating 
collective action, and regardless of the terms 
in which cross-cultural differences are 
defined, there can be little doubt that 
societies vary in this respect. These varia
tions affect the institutional arrangements 
governing rice irrigation; and insofar as ir-

rigation can be achieved only through col
lective action, they also affect its extent. 

As noted above, Asian rice irrigation often 
faces a disjuncturc between individual and 
social rationality, that is, between the self
interest of atomistic individuals, each of 
whom takes the behaviour of others as given, 
and the interest of these same individuals 
when taken as a group. If, in the construc
tion or maintenance of community irriga
tion facilities, each individual assumes that 
others will (or will not) contribute labour 10 
the task, regardless of the individual's own 
contribution, then it will always be rational 
for the indjvidual to withhold his or her own 
labour. This is an instance of the well known 
prisoners' dilemma: if each individual acts 
'rationally', then all are in the end worse off 
than if they had reached a co-operative solu
tion. 61 In other cases, as illustrated by the 
head-tail dilemma in canal irrigation, cer
tain individuals (the head enders) will in fact 
be better off if they pursue their ow.n self
interest than if they defer 10 the public. 
interest in the efficiency of the irrigation 
system as a whole. In both cases, a society 
can achieve a collective rational· outcome 
only by assigning rights and responsibilities 
by means of a set of values internalised by 
individuals, or a set of rules enforced by an 
external authority. Even the lat1er must be 
internalised to some extent via individual 
acceptance of the authority's legitimacy, 
since enforcement through coercion alone 
would generally entail prohibitive costs. As 
Lipton remarks, a society's "assignments of 
liability [and, one might add, its assignments 
of assets] depend upon the general moral 
consensus for their acceptability, and thus 
for low enforcement costs and reliability".62 
Culture can be viewed as a medium in which 
such consensus is, 10 a greater or lesser 
extent, achieved and maintained. 

The Balinese subok, described by Gcertz 
(1980), provides an example of a local irriga
tion institution embedded within a larger 
cultural framework. A subok is an irrigation 
group comprising a number of households, 
usually from several different villages, who 
irrigate their rice terraces from a single dam 
or canal. The subak regulates water supply 
to 1he individual plots, but Gecrtz observes 
that it ''is in fact very much more: an 
agricultural planning unit, an autonomous 
legal corporation, and a religious com
munity". Each subok has two temples, one 
dedicated to the goddess of fertility, the 
other 10 the god of water. The temples are 
the foci for a complex set of rituals, synchro
nised with the flow of agricultural activity, 
which serve as "one of the major regulating 
mechanisms in the whole, marvelously 
intricate ecological system the subak 
represents". 63 

Similarly, Ducwel (1984) observes that the 
dharma tirto water users' asso<;iations in cen
tral Java "have blossomed in Kejowen 
cultural zones, where there is a congruence 
between peasant values and social norms 
and the socio-organisational requirements of 
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irrigated rice cultivation and water manage
ment". 64 He argues that official efforts to 
promote the dharma tirta model in other 
regions in Java have failed, in part owing to 
their less 'culturally fertile' settings for 
irrigation development. 

A culturally fertile setting for collective 
action need not be an egalitarian one 
(although Duewel's evidence suggests that 
the two attributes tend to coincide in rural 
Java), for what is at issue is not the extent 
to which interpersonal relations occur 
among equals, but rather whether they are 
cemented by bonds of trust. Each individual 
must trust the others will bear their fair share 
of the costs of collective action, and will not 
seek to appropriate more than their fair 
share of the benefits. Fairness, of course, lies 
in the eye of the beholder. A very unequal 
distribution of wealth and power may be 
perceived as fair by rich and poor alike; 
indeed, the rich can be expected to expend 
considerable resources to persuade the poor 
that this is so. At most, what can be hypo
thesised is that maintenance of trust and 
moral consensus will prove more difficult in 
a highly inegalitarian social order-in other 
words, that liberty, equality, and fraternity 
are complements rather than substitutes. 

If cultural factors do help to explain varia
tions in the pace and direction of irrigation 
development, the question arises as to 
how the relevant cultural differences arc 
themselves to be explained. Hayami hypo
thesises that demographic pressure plays a 
crucial role: "the basic force underlying 
tightness in community structure", he 
asserts, "is relative resource scarcity-the 
scarcity of non-labour resources relative to 
labour".65 If this were so, one might expect 
to find extremely 'tight' village structures in 
a country such as Bangladesh, where the 
rural population density is very high and 
capital is in relatively short supply. Yet 
Bangladeshi village society is far from being 
'tight' in Embree's sense.66 As noted above, 
Hayami also stresses the importance of 
topography. If local collective action for 
water control is indeed easier in moun
tainous regions than in river deltas, this 
might help to explain why villages in deltaic 
areas remain 'loose' despite intense demo
graphic pressure. In a similar vein, Hayami 
speculates that climatic differences may 
explain why Japan has a tighter village struc
ture than Java, even though both share a 
similar topography and similar population 
del}siiies: in Japan the growing season for 
rice is more limited, owing to the cold 
winters, and this compels cultivators to 
schedule their agricultural operations more 
tightly, implying a greater need for co
ordination in water use. 

Few would argue that the cultural dif
ferences relevant to irrigation development 
can be fully explained in terms of popula
tion pressure or geography. Yet the broader 
issue remains of the degree to which culture 
can be viewed as an autonomous determi
I!_ant of the pace and direction of irrigation 

development. Insofar as cultures vary in the 
degree to which they facilitate collect_ive 
action, is culture to be regarded as the 
exogenous variable? Or is it rather the 
necessity for, and possibility of, collective 
action which impels cultural evolution in a 
particular direction? The question is a deep 
one, and no axiomatic answer will be 
asserted here. Clifford Geertz cautions that 
"arguments from functional potency to 
functional necessity are both empirically 
dangerous and logically suspect;• but he con
cludes that "it is nonetheless difficult to sec 
how a social system of the Balinese sort 
could possibly operate without something 
very much like the temple system to give it 
form and outline". 67 Whatever the strands 
in the web of causality, it is clear that irriga
tion organisations cannot be abstracted from 
their cultural context. The implications for 
the transferability of irrigation institutions 
arc evident. 

As a culture confronts changing economic 
and political circumstances, the bonds of 
trust which once facilitated collective action 
can weaken and break. Customary notions 
of fairness may be violated by, individuals 
who aggressively pursue new avenues for the 
advancement of their self-interest, apart 
from or in opposition to the interests of 
others in the community. At the same time 
the legitimacy of tra(ijtional hierarchies may 
be undermined by rft!w ideas of economic 
and social justice. Such pressures upon the 
cultural norms and internal cohesion of 
rural communities often follow upon inter
ventions by external forces. Sengupta (1985) 
argues that in India, for q<ample, British col
onial rule and the reformsfndenaken by the 
post-colonial state have gradually eliminated 
the 'congenial social and civil systems' which 
were essential for the maintenance and 
operation of traditional community irriga
tion works, resulting in their physical 
decay.� 

Another example can be found in Sri 
Lanka, where the government has sought 
since the mid-1950s to replace long-standing 
local irrigation officers, known as vet 

vida11e, with participatory institutions in 
traditionally irrigated villages and with cen
tralised bureaucratic management in the new 
canal systems. Neither institutional innova
tion has proven terribly • successful. As 
Lipton (1984) reports: 

Many an individual farmer lacked trust in 
the capacity of the new authorities-whether 
participatory or bureaucratic-centralised
either to control overuse by other individual 
farmers, or to deliver water and maintain 
systems well enough to render his own 
overuse untempting. If land reform had been 
implemented, so that big landlords could not 
subvert new participatory authorities in tradi
tional systems; or if maintenance and water
management had received more priority in 
modern systems; then a 'core' of farmers, suf
ficient to uphold the new means of water 
control, might have become effective. 

Instead, the outcome was "an island-wide 
spate of gross water overuse", irrational from 

a social standpoint, and yet "perfectly ra
tional for each farmer, mistrustful of both 
his neighbours and the control and delivery 
capacity ofJhe new water managers". The 
result, according to Lipton, is that irrigation 
in Sri Lanka is today "a war of each against 
all".69 

In discussing cultural innuences upon ir
rigation organisation, Chambers maintains 
that the 'more egalitarian and more anar
chic' character of rural Sri Lankan·socicty 
gives rise to a greater need for bureaucratic 
controls than in south India, where "the con
trols already exist in the hierarchical 
strurutre of society". 7° The cultural contrast 
between Sri Lanka and south India may 
turn, however, not upon wlfich society is 
more egalitarian, but upon the extent to 
which traditional bonds of trust between 
individuals have been corroded by what is 
sometimes termed 'modernisation'. 71 If so, 
the prescription for more bureaucratic con
trol in the Sri Lankan case. loses some of its 
appeal, for state inter vention can be seen as 
one source of the problem, and not only, nor 
perhaps even necessarily, as an essential part 
of the solution. Ultimately rural Sri Lanka 
may experience what Lipton terms a 'tran
sition of trust', whereby local rules and tradi
tional values are effectively supplanted by 
the moral suasion and coercive power of the 
modernising state. Or perhaps new local 
institutions, embedded within an evolving 
rural culture, will emerge to restore the 
capacity for co-operation among water 
users. In any event it is clear that cultural 
factors interact not only with demographic 
pressure, geography, and the agrarian struc
ture, bu.t also with the state. To this final 
determinant of the pace and direction of 
Asian rice irrigation we now turn. 

(e) ROLE OF STATE 

The single most innuential work on the 
relationship between irrigation and the 
state in Asia has undoubtedly been Karl 
Wittfogel's Oriental Despotism (1957), 
which asserted a causal historical relation
ship between the development of irrigation 
in arid and semi-arid settings and the 
emergence of despotic state bureaucracies 
exercising absolute control over the agrarian 
population. 72 The geographical scope of 
Wittfogel� thesis did not extend to the 
major rice-growing tracts of Asia, where he 
believed that the more hospitable environ
mental circumstances permitted a more 
decentralised p61itical economy. Yet similar 
imperatives for social control of water arise 
in multi-user rice irrigation systems, at the 
local level and, in the case of the large-scale 
systems, at the regional or national level. As 

• noted above, self-interested, atomistically 
'rational' individuafs will underinvest in the
construction and maintenance of water con
trol facilities, hoping to free ride on the
investment of others; similarly, treating
water as a free good, they will attempt to 
appropriate excessive amounts so as to 



maximise returns on their ow n land, rather 
than maximising the efficiency of water 
use in the irr igation system as a whole. 
W ittfogel's thesis points to one theoretical 
solution to these conflicts between individual 
and social rationality: dictatorship. In ef
fect, the state becomes a supra-individual 
economic agent, internalising externalities 
and 'privatising' public goods within its 
domain. 73 Here the inequality-as-advantage 
argument, discussed above with respect to 
agrarian structure, assumes its most extreme 
form. The hypothcticial dictator may be a 
local leader in the case of a small-scale ir
rigation system, or a despotic emperor as in 
W ittfogel's vision of the ancient hydraulic 
civilisations; in either case, the obstacles to 
irrigation efficiency posed by <;ompeting 
individual interests are swept away by the 
dictator's absolute power. 

In practice, despotisms are rarely as ab
solute as those envi ioned by Wittfogel. 
Rather than an impersonal authority which 
internalises all externalities and maximises 
efficiency in its own self-interest , the more 
typical agromanagerial bureaucracy is 
caught up in a social matrix of competing 
interests. It is powerful, but not ominipo
tent. It serves and in turn receives essential 
·political and material support from specific 
private interests, in a mutually beneficial 
relationship which rests upon the exclusion 
of other, competing private interests. In the 
case of bureaucratic water allocation, we can 
thus distinguish three groups: the bureaucrucy 

it�elf; the privileged users, who receive a 
disproportionate share of the water and can 
grow more water-intensive crops, reduce 
weeding costs through flooding, and so on, 
maximising their self-interest at the expense 
of the efficiency of the irrigation system as 
a whole; and the excluded losers, who receive 
inadequate water or none at all. The latter 
lose not only relative to the bureaucracy and 
privileged users, but also absolutely insofar 
as (a) they bear, directly or indirectly, part 
of the costs of financing government irriga
tion investment, and (b) irrigation by 
privileged users results in lower output 
prices, or in higher prices for mobile inputs. 
There are conflicts between the bureaucracy 
and the privileged users, notably over the 
partitioning between them of the income 
streams generated by irrigation, but these are 

. conflcits between allies. Each remains depen
dent upon the other, and both present a 
united front against the excluded losers. 

Such a situation is depicted by Robert 
Wade (1982a, 1984) in his penetrating studies 
of the 'system of administrative and political 
corruption' governing a canal irrigation 
system in south India. Kickbacks from 
maintenance contracts, and illicit payments 
for privileged access to irrigation water, are 
collected by local irrigation officials and 
then are 'aggregated and channelled up the 
t-ureaucratic hierarchy, each level taking a 
share! o·fficials who do not satisfactorily 
fulfill this informal responsij,ility, or who 
display an inconvenient devotion to their 

• more formal duties, are reassigned to 
undesirable posts. After recounting the
failure of one modest policy effort to in
crease irrigation efficiency by reducing 'head
tail disparities, and portraying the power
lessness of a reform-minded official who 
tried to implement it, Wade concludes that 
the institutions of governance do not serve 
the social goals of productive efficiency, but 
rather "have themselves become a means by 
which resources are illicitly and coercively 
channelled out of the hands of the public 
and out of the state treasury, into the hands 
of senior officials and politicians". 74 

Such practices are not uncommon. Car
ruthers (1983) writes that his own extensive 
field experience "tends to confirm that the 
process Wade describes is, with variants, 
found elsewhere". He reports that an ap
praisal of "any irrigation scheme is likely to 
reveal that there is an unofficial system of 
illicit payments", including "bribes for ad
ditional water or ignoring illegal crops", and 
"extortion for delivery of allocated water-a 
kind of insurance or protection racket". 
Citing nineteenth century accounts from 
northern India, Carruthers notes that "such 
transactions have long been established prac
tice". He underscores some of the efficiency 
implications: 

Given that this process creates uncertainty 
and unreliability it must affect farming in
vestment. Indeed, as Wade points out, to 
maximise bribes, engineers have to persist 
with ad hoc unannounced cut-offs, water 

, rotations and create uncertainty. He points 
out that operating engineers· may blunt 
reform if it weakens their financial interests. 
Running the complex water financial market 
mu t detract from their professional activity 
and tapping the O&M [operation and 
maintenance] budget must produce sub
standard work ... [l)n very few of the official 
donor evaluation reports is the subject men
tioned and in none is it given any pro
minence. But it probably docs constitute a 
major impediment to -efficiency. Bribery is 
not a lubricant to the operating system, it is 
corrosive. 75 

The efficiency costs cited by Carruthers
the deliberate creation of uncertainty and the 
opportunity costs of the time devoted to rent 
collection-are enforcement and transac
tions costs incurred to assert and protect the 
de facto property rights of the irrigation 
bureaucracy, and to capture the resultant in
come.streams. To some extent, such costs are 
inevitable: property rights must be tended 
to, and this tending requires the expenditure 
of resources. Carruthers' argument can thus 
be rephrased as'the claim that enforcement 
and transactions costs are too high under a 
'system of administrative and political cor
ruption'. This is probably true-such costs 
could be reduced, though not eliminated, 
under a less 'corrupt' system-but the 
efficiency implications of politicised 
bureaucratic water allocation go further. 

Consider the counterfactual situation in 
which the water bureaucracy enjoys absolute 
control over water allocation. Its de facto 

property rights in irrigation water, establish
ed and protected' at whatever·cost, are ex• 
elusive. The privileged users have no d�facto 
rights Qf their own in respect of this water; 
they arc customers, not allies. If this 
bureaucracy proceeded to maximise its net. 
income from the 'bribes' paid for the water, 
one would expect an efficient out.come in the 
specific sen¥ that the marginal value pro
duct of the water would be equalised across 
farms. Discrimination against locational or 
political 'tail-enders' would disappear, for 
such discrimination would reduce the total 
volume of rent available for apprepriation 
by the bureaucracy. In other words, privileg• 
ed users and c:,u;luded' losers would no longer 
exist; we arc left only with the bureaucracy 
and the users. There wjJl still be cnfon:emcnt 
costs and transactions costs, but the system 
will otherwise be efficient. 

If, in the real world, we find privileged·. 
users and excluded losers, this suggests that 
the irrigation bureaucracy docs not in fact 
exercise absolute power or have exclusive 
property rights in irrigation water. Rather, 
the privileged users constitute a separate 
power bloc with de facto water rights of their 
own. The bureaucracy dispenses irrigation 
water not as a simple contrnodity, but also 
as patronage; the state·appears to seU water, 
but at the same time it buys political sup
port. In Wade's example of the failed irriga
tion reform, opposition came not only from 
the irrigation bureaucracy but also, quite 
strongly and effectively, from the privileged 
users. The latter instituted legal proceedings 
to delay the reform, physically threatened the 
lone official who tried to implement it, and 
ultimately, after 'lobbying hard and expen
sively' in the state capital, secured his 
transfer out of the area. The political power 
of the privileged users thus conditions and 
circumscribes the power of their allies in the 
irrigation bureaucracy. 

This duality of power, in which the state 
is not omnipotent but rather operates in 
partnership with powerful private interests, 
gives rise to the free rider and externality 
problems which, in addition to enforcement 
and transactions costs, undermine efficiency 
on canal irrigation systems in south India 
and elsewhere. Indeed, the two sources of 
inefficiency often go hand in hand. Privileg• 
ed users deny water to excluded losers not 
only to maximise profit on their own lands, 
but also to protect their de facto water rights. 
Again, Wade provides telling evidence: 

Any water sent into the distributory which 
was surplus to the requirements of the 
upstream paddy was sent into the dnµns
deliberately wasted by the upstream villages 
rather than let to flow down to the lower 
villages, in case the latter were able to plant 
an irrigated crop; for once farmers have an 
irrigated crop in the ground, they •are in a 
stronger position to insist on water than 
when they are able to insist merely that 
abstract zoning rights be respected. 76 

In this light, Carruthers' recommendation 
that irrigation users associations be pro-
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fnoted as a 'cpuntervailing voice' to the 
bureaucracy can be seen to go only halfway. 
To act as an effective force for improved ef
ficiency, such associations would have to be 
formed above all by the excluded losers, the 
cultivators who now receive inadequate ir
rigation or no water at all. 

In south India, then; we find not the ab
solute despotism of Wittfogel's ancient em
pires, but the petty despotism of the modern 
bureaucratic state. Political and economic in
equality is not an instrument of productive 
efficiency, but an impediment to it. The 
vested interests of those who profit from the 
irrigation status quo-favourably situated 
culiivators, irrigation officials, and ruling 
politicians-effectively thwart tlie public in
terest; the conflict between individual and 
social rationality is resolved in favour of the 
former. In theory, it is possible, in Wade's 
(1980) phrase, to 'substit1,1te management for 
water' by improving the efficiency of canal 
irrigation schemes, but in practice this pro
ves difficult or impossible in the absence of 
self-regulating local irrigation organisations. 
The state is a poor substitute for such 
organisations; as A Sundar remarks, "In a 
socio-political situation where what is 
legitimate is what one can get away with, can 
there be any ..:oncern about public system 
performance?" He circs a proverb which elo
quently sum up the frustrations of the 
would-be water manager: "In the land of 
nudists, whar can a washcrman do?"77 

Wade characterises this state of affairs a 
'a condition of populist anarchy', ye� the 
system he depict is carefully managed by 
and for an administrative and political 
machine: it is elitist rather than populist, 
well-ordered rather than anarchic. W itt
fogcl's emperor may have no clothes, but the 
state is by no means absent. Instead of an 
impartial arbiter of disputes and maximiser 
of efficiency, the state appears as a creator 
and dispenser of economic rents, enmeshed 
in the conflicts between competing private 
interests. For the failures and imperfections 
of the market, it substitutes failures and im
perfections of its own. 

Attempts by the state to increase its con
irol do not necessarily improve efficiency or 
equity. In particular, as noted above, state 
intervention in pre-existing community ir
rigation systems is often reported to under
mine the independence and efficacy of in
stitutions. A number of observers have noted 
such corrosive effects. Vaidyanathan writes 
that the advent of British rule in India 'in
variably weakened' local water conservancy 
institutions and 'increased the role of the 
government bu rcaucracy, and that this trend 
"was if anything intensified in the post
independence period". 78 Similarly, Sengup
ta has argued that during colonial rule in 
India community irrigation organisations 
survived mainly in those areas where local 
governments were relatively autonomous. 79 
In a review of irrigation development in Asia 
as a whole, Barker et al (1984) caution that 
"assistance to community systems, unless 
carefully staged, can not only encourage the 

• demise of community investment and
responsibility, but also attach the local
system to the unpredictable future actions
of the technical bureaucracy".80 

At least three reasons can be advanced to 
explain this phenomenon. First, as Barker
et al note, government interventions tend to 
focus upon narrow, technical issues, to the
neglect of the social intricacies of communi
ty irrigation institutions. Second, as Hart 
(1978) and Wade (1982b) have observed,
government interventions frequently entail 
a paternalistic mode of interaction, in which 
cultivators become dependent on resources
from 'higher' authorities. This paternalism
"will more likely undermine than promote
a subsequent capacity for more autonomous 
initiatives".81 At the same time, government 
"assistance to community systems is often
couched in disrespectful terms", reinforcing
the devaluation of local institutions.82 
Finany, the use of public spending on irriga
tion development as a vehicle for political
patronage creates new profit opportunities
for local leaders, and this may shift their
individual cost-benefit calculus against the
maintenance of traditional norms and 
institutions. 83 
• There arc counter-examples in which state 
intervention appears to have strengthened
community institutions. Barker el al men
tion government technical a sistancc to com
munity irrigation systems in north Sumatra, 
Indonesia, as an instance of an approach
supportive of local institutions. Planck and 
Sutawan (1983) maintain that the interven
tion of government agencies "does not seem 
to re ult in great strain and stress" in 
Balinese sub.oks; instead, the construction
of dams and canals by state authorities "has
eased the burden in maintenance and repairs 
of irrigation structures for the subak 
members". And Sengupta concludes 1ha1 the 
'melons-on-a-vine' approach to irrigation in 
Japan and China, whereby large-scale works 
are designed 10 serve relatively independent
local sub-systems, has preserved local
autonomy.84 In contemplating government 
interventions, however, 1he common if not 
inevitable experience of adverse effects upon 
prior community systems contains salu1ory
lessons.

The autonomy of the state is circumscrib
ed not only by the power of private interests 
within the country, but also by external 
forces. This was most evident in the colonial 
era, when many Asian states were directly 
and formally subordinated to imperial 
powers. Yet external influence persists in 
independent states, in proportion, among 
other things, to their dependence upon 
financial flows from multilateral and 
bilateral international agencies. Such 
dependence is considerable in a number of 
Asian rice producing countries, and has 
helped to shape the pace and direction of 
their irrigation development. 

Direct foreign involvement in Asian irriga
tion dates from the mid-19th century, when 
canal systems were constructed in the Pun
jab and Uttar Pradesh under British rule. 
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The Dutch in Indonesia and the Japanese 
in Taiwan also initiated major surface water 
irrigation projects in the colonial period. Yet 
the major foreign involvement in irrigation 
development in the region as a whole began 
after World War II, when international agen
cies provided financial and technical 
assistance for a number of large-scale irriga
tion and multi-purpose water development 
projects. Examples include the Mekong 
River Plan, the groundwork for which was • 
laid by a survey conducted by the United Na
tions Economic Commission for Asia and 
the Far East in 1951; the Damodar Valley 
Project in eastern India, which received 
financial support from the United States 
Agency for International Development 
(USAID) in 1953; the Andong Dam on the 
Nam River in South Korea, constructed in 
1960 with financing from the Asian Develop
ment Bank; and the Mangla and Tarbela 
Dams in Pakistan built in the late 1960s with 
financing from the Indus Basin Develop
ment Fund created by the World Bank.85 

From the 1960s, international agencies ex
tended their involvement to smaller-scale ir
rigation development, including gro'und
water exploitation. For example, the first 
government-sponsored groundwater irriga
tion scheme in what is now Bangladesh, the 
Thakurgaon deep 1ubcwell project, was 
designed and financed by West German 
bilateral aid in the mid-1960s. The World 
Bank subseqen1ly sponsored the installation 
of 3,000 deep tubewells in the Northwest 
Tubewells Project, with 1:0-financing from 
the Canadian and Swedish official aid age11-
cie , and the UK government financed an 
even larger deep tubewell project in north 
central Banglade h. In the late 1970s, the 
World Bank, UNICEF, USAID, and other 
donor agencie began to finance shallow 
tubewell and hand tubewcll irrigation pro
jects in Bangladesh as well. 

Nevertheless, as Levine (I 980) observes, 
"generally it has been easier to obtain ex
ternal financing for large projects than for 
small ones". He cites a variety of reasons for 
!his: 

!M] any international loans cover the foreign 
exchange eomponenl of the project and since 
large projects tend to have a relatively larger 
foreign exchange component they are 
favoured for funding; the accounting and 
oversight requirements associated with the
international loans arc more easily accom
modated within a large concentrated project 
than within a ser of dispersed smaller pro
jec1s; the documentation for adequate con
sideration of the project (basic hydrology,
technical details, economic projecrions, etc) 
are more easily developed for large relatively 
compact projects than for small projects. 86 

Reliance upon external funding can hence 
be expected to influence the scale of irriga
tion development. 

Table 3 presents summary date on foreign 
investment in irrigation in Asian rice
producing countries from 1969 through 
1981. Total investment during this period ex-

, ceeded US $ 8 billion, with more than $ 2 

A· 1"7 



billion in India and nearly that amount in 
Indonesia. In per capita terms, the highest 
levels of foreign investment in irrigation were 
in Malaysia, South Korea, and the Philip
pines. External financing accounted for 
roughly half of the total capital costs incur
red for irrigation in south and southeast 
Asia as a whole in the mid-1970s.87 The 
central role of irrigation in Asian 
agricultural growth is now widely recognis
ed by international agencies, with the result 
that external financing for irrigation 
development can be expected to continue 
and possibly increase in real terms in the next 
decade, even if total development assistance 
budgets shrink. In 1978 the Trilateral Com
mission proposed an ambitious plan to dou
ble rice production in Asia by 1993 via 
massive irrigation investments. Thirty 
million hectares in south and southeast Asia 
were to be brought under irrigation, and pre
existing irrigation facilities on an additional 
17.5 million hectares were to be improved, 
for a total capital outlay of$ 52.6 billion (at 
1975 prices). It was envisaged that approx
imately 61 per cent of t his expense would be 
borne by the OECD countries, and an ad
ditional 12 per cent by OPEC countries, with 
the remainder coming from the south and 
southeast Asian countries themselves.� 
Although resources on this scale have not 
been forthcoming, the proposal illustrates 
the potential scope of continuing external 
involvement in the region' irrigation 
development. 

Reliance upon external resources often not 
only increases the scale of irrigation projects, 
but also entails reliance upon foreign 
technology and foreign institutional models. 
One frequent result is an increase in the 
capital intensity of irrigation development. 
This springs in pan from the export-pro
motion motive in foreign assistance, in part 
from the fact that the technologies being 
transferred were generally developed under 
conditions of relatively greater labour scar
city, and in part from a preference among 
foreign and foreign-trained engineers and 

TABLE 3: fORl:IC.N !i-;VEST\IFr-.T I, l��ICi,HION 
IN /\SIA, 1969-81 

Country .........£.(?rci •n lnvestm<:.!!!._ 
Total Per Capita 
($m) (S) 

Total 8,418 5.4 

Bangladesh 657 7.5 
Burma 169 5.1 
India 2,042 3.1 
Indonesia l,R96 13.6 
Kampuchea 
Korea (S) 781 20.7 
Laos 60 16.7 
Malaysia 373 27.3 
Nepal 183 13.3 

Pakistan 485 6.1 
Philippines 952 20.1 
Sri Lanka 237 16.4 
Thailand 473 10.4 
Vietnam 110 2.1 

Source: Takase (1984), p 189. 

planners for 'modern' techniques. This bias 
is illustrated by the World Bank's Northwest 
Tubewells Project in Bangladesh. The 
technology chosen for this project was 
sophisticated and expensive, akin to that 
used in the midwestern United States. 
Submersible turbine pumps were imported 
from West Germany, engines were imported 
from Britain, fibreglass screens and casings 
were imported �rom Canada (the Canadian 
government's contribution to the project), 
the drilling of the tubewells was contracted 
to foreign firms who used imported power 
rigs, and overall technical supervision was 
provided by a British consulting firm. The 
total cost was approximately, $ 12,000 per 
tubewell, more than a hundred times the 
average annual per capita income in 
Bangladesh. 

The technology chosen for the World 
Bank's project was ihappropriate in four 
respects. From a technical standpoint, the 
pumps were ill-suited to the less than ideal 
operating conditions of rural Bangladesh, 
and hence vulnerable to breakdowns which 
were often prolonge9 by the absence of 
specially trained mechanics and imported 
spare parts. Froll) an economic standpoint, 
the high capital-intensity oft he project was 
inconsistent with the country's labour abun
dance and capital scarcity. From a social 
standpoint, the tubewells' 60-acrc-plus 
potential command area would require a 
level of co-operation in water allocation 
which is unlikely to be achieved given the 
country's disarticulated and inegalitarian 
agrarian structure. Finally, from a political 
standpoint the technology can be charac
terised as inappropriate in that the ostensi
ble beneficiaries had no opportunity for per
sonal participation in the installation of the 
tubewclls; they were treated as objects, rather 
than subjects, of the development process. 89 

An alternative deep tubewell technology, 
developed in Bangladesh itself, was available 
at the time. Its installation required 20 times 
more labour; its drilling equipment was 
highly mobile and easily transported by 
hand; its screens and casings were manufac
tured locally; its pumping equipment was 
easier to maintain; and it cost ony half as 
much. The foreign engineers who selected 
the technology for the Bank's project in 1970 
observed this alternative in operation dur
ing their three-week visit to Bangladesh. 
Researcher John Thomas, who accompanied 
them, describes their reactions. While watch
ing the low-cost wells being installed "in a 
sea of mud by a large group of villagers", 
one of the Bank's engineers remarked, "You 
can't instali reliable tubewells this way.' Yet 
Thomas notes that tests showed the low-cost 
wells to be of equal quality to the high-cost 
ones. In fact, they were more reliable under 
village operating conditions, since they were 
easier to maintain and repair. Thomas argues 
that the decisive factors behind the Bank's 
choice of the more capital-intensive tech
nology were a desire for "risk avoidance, ap
pearance of modernity, established pro-

cedures, familiar techniques, and, by no 
means least, control". The government agen
cy involved in implementing the project 
shared many of these preferences; as 
Thomas notes, agencies and their staffs 
derive "power, prestige, and sometimes an 
opportunity for profit by attracting foreign 
aid and implementing large programmes".90 

There are, of course, cases in which 
foreign-assisted irrigation projects have 
employed small-scale, labcrur-intensive, 'ap
propriate' technologies. Assistance to 
manually-operated shallow tubewell develop
ment in Bangladesh is one example. Few 
generalisations about the disbursement of 
billions of dollars by dozens of different 
agencies in more than a dozen countries can 
be universally true. Yet one can hypothesise 
that, in general, official foreign assistance 
tends to bias irrigation development towards 
larger scale, greater capital intensity, greater 
reliance on imported goods and services, and 
more centralised, top-down methods of 
control. 

The experience of irrigation development 
in the. People's Republic of China provides 
an interesting contrast, although the facts of 
the situation remain somewhat unclear. 
What is not disputed is that after the 1949 
revolution, China vastly increased its ir
rigated acreage with very little foreign 
assistance.91 Highly labour-intensive earth
moving projects are widely credited with 
much of this increase. For example, a World 
Bank study reports: 

The enormous effort implied by the develop
ment of [irrigation on] over 29 million hec
tares since 1949 would not have been possi
ble without the massive involvement of the 
local populace organised by the collective in
titutions ... Except for large dams built on 

major rivers or extensive dredaina, almost all 
water conservancy work in China is done by 
hand, using wheelbarrows, small carts, and 
often shoulder poles and baskets for trans
portation. Projects with tens of thousands 
of workers are common. On average, as many 
as 50-80 million participants are engaged in 
winter/spring construction campaigns.92 

Yet some observers, skeptical as to the pro
ductive impact of these projects, maintain 
that irrigation expansion has been primarily 
attributable to tubewell development on the 
north China Plain. 93 The extent of cen
tralised control in Chinese irrigation has also 
been a matter of debate. 94 

Thus while the state has played a major 
role in shaping the pace and character of 
Asian rice irrigation, it cannot be regarded 
as an autonomous, let alone omnipotent, 
agency able to maximise efficiency and 
subordinate private interests to the public in
terest. Rather, state power is circumscribed 
by the influence of the vested interests on 
which it depends for political support, by 
the resistance of those who are subordinated, 
and by the leverage of external agencies with 
their own agendas to pursue. Once again, the 
issue of exogeneity arises: why, for example, 
does a more powerful or interventionist state 
emerge in one setting, and a weaker or less 
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interveniionist one in another? To some ex
tent, the answer may l ie in the other factors 
we have considered-population pressure, 
geogr aphy, agrarian structure, and cultural 
factors. For example, Ruttan ( 1 978) charac
ter ises the Chinese revolution as an institu
tional change, induced by the "long period 
of secular economic stagnat ion" in China 
in the preceding 100 years, which "gave both 
the local community and the broader society 
more e ffective control over local and na
tional resources". 9s Yet few social scientists
(and fewer historians) would advance an en
t i re ly  deter m in i s t i c  account  o f state 
for mation. 

VI 

Conclusions 

T his paper has surveyed the technological 
and  insti tut ional alternatives in  Asian rice 
irr igation, with a view to explaining the wide 
variations in the pace and character of ir
rigation development in the region. I n  much 
of Asian rice agriculture, i rrigation acts as 
the '1-:ading input', or binding technological 
const raint upon increases in land productivi
t y. Yet the pace of i rrigation d evelopment in 
the region has been very un even,  with t he 
pe rcentage of net sown area irrigated rang
ing from only t h ree per cent  in Kampuchea 
to 76 per cent in Japan.  At t he same t ime, 
the character of irrigat ion development 
varies in  a number of dimensions, including 
scal e, rela t ive factor intensi t y, ins t i tut ional 
ar rangements, and t he degree of ' farmer 
con t rol ledness ', in  addi t ion to the usual  
hyd rological and engineering criteria. 

No attempt wi l l  be made here to sum
mar ise in deta i l  t he various factors which 
may help to explain these var iations. Rather, 
a few conclud i ng observat i o ns wi l l  be ad
vanced. First ,  much of Asian rice i rrigation 
requires action above t he level of t he in
dividu al farm , a nd thus lies in t he l a rge in 
termediate ter rain bet ween t he ext remes o f  
pure private goods a nd p u re public goods. 
This intermed iate terrai n is i n hospitable to 
t he elegan t bu t fragi le axioms o f  conven
tional econom ic theory. The pu rsui t of  in
dividual self -in terest cannot be assu med to 
promote the p ublic interest; the invisible 
hand loses its grip. Con flicts between in
dividual and collective rationality are a com
mon feature of irrigation development, and 
Asian societies differ considerably in the suc
cess wit h which they have resolved them. 

Second, the determinants o f  irrigation 
development considered above-population 
pressure, geography, agrarian structure, 
cultural factors, and the role of the state
a re not independent variables, much less 
mu tually exclusive ones. It is not the case 
that there are simply several causal factors 
at work, the relative strength of which could 
be assessed, if all va riables were quantifiable, 
and measurable via · a multiple regression 
procedu re. Rather, the various determinants 
a re themselves interrelated : population 
p ressure affects the agrarian structure, 
cultural factors affect the role of the state 

·and .vice versa, ·and so on. Moreover, the rela
tionship between t hese 'determinants' and
irrigation is not unilinear, since irrigation in
turn may profoundly influence each of
them. Any attempt to explai n variations in
the  pace and character of irrigation develop
ment must hence find a passageway between
the pitfalls of reductionism and of par
ticularism, between the impulse to ident i fy 
an ultimate prime mover which explains all ,
and the urge to abandon any comparative
framework and instead treat each case as sui

generis. 

Finally, the process of technological 
change -is not a lways smooth or elastic with 
respect to population pressure, as evidenc
ed by the unde rdevelopment of irrigation i n  
much of contemporary south and southeast 
Asia. The foregoing analysis suggests t hat 
such underdevelopment is not accidental, 
but rather i s  t he outcome of a particular 
con�tellation o f  factors. In such a sit uation, 
it  may be tempting to search for a magic 
wand of government policy w hich can, at a 
stro ke, surmount conflicts of individual i n 
terests and  ensu re efficient outcomes. Thus 
Wittfogel's vis ion of  the orie n tal despot ism 
of ancient t imes i s  reborn i n  the  modern ,  
technocrat ic  v ision o f  irrigation develop
ment, in which rights and responsibi l i t ies a re 
clearly demarcated by an i mpartial ,  effi
ciency- maximisi ng state. The relat ive impo r
tance of burea uc ratic versus market al loca
t i ve mechanisms is here a secondary issue;  
what defines t he technoc rat ic  app roach i s  
not i ts  choice of instruments  for socia l  
engineeri ng, but  rather i t s  a ssumptions as  
to who wi l l  make such choices and d i rect t he 
development p rocess. A com parati ve anal y
sis of Asian ri ce i rrigation u ndersco res the 
l imitat ions of  t h is visio n ,  and points to t he 
potent ial meri ts. of alternati ve st rategics bas
ed upon the democ ratisation of cont rol over 
water resou rces. 

N otes 

[A n earlier ver ion o f  t hi s  pa per was wri1tt n 
for the Con fe rence on Development and 
Technological Transformation: Alternative Ap
proaches held at t he World I nstitute for 
Development Economics Resea rch in Helsinki 
in August 1986. I am grateful to the con fe rence 
participants for their comme nts. I have also 
benefited great ly from the critical comments 
of Tariq Banuri, Ramachandra G uha and 
Michael Lipton . None of the above bear any 
responsibility for the views ex pressed here. ]  

1 Masefield ( 1977 ), pp 21 -22. 
2 Food and Ag ricult ure Organ isation (1 985), 

p 59. Of course, not a ll  this acreage is sown 
to rice; for an indication of the importance 
or rice in their cropping patterns, see 
Table I, below. 

3 Calculated from data presen ted by Todaro 
(1985), pp 33 , 40. 

4 Much of the existing literature on Asian rice 
irrigation is highly fragmented, along both 
locational and disciplinary lines. Among the 
few works which adopt a comparative 
perspective are Cowa rd (1980), Vaidya
nathan (1983), and Barker et al (1984). 
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5 Ishikawa ( 1 967), p 94. Ishikawa's figure for 
t he yields of paddy (unhusked rice) is here 
converted to clean rice using the J:AO con
version factor of 0.8 for Japanese brown 
r ice. 

6 The env i ron mental di fferences between 
Japan and southern Asia are reflected in the 
characteristics of the japonica and indica 
races of rice native to them . The japonica 

variet ies require the long day-lengths of 
summer in the  high latitudes, and they need 
a longer growing season t han the indica 
variet ies, a point  which should be borne in 
mind when comparing their yields. 

7 See, for example, David and Barker ( 1978). 
8 Boyce ( 1 978), Chapter 6.  
9 For example, Alamgir ( 1980) repons visiting 

the Gangcs-Kobadak p roject, the m ain 
canal irrigat ion scheme i n  t he country, as 
a member o f  a Planning Commission 
evaluation team in 1 974, and finding less 
t han 10,000 acres of  actual dry season 
irriga 1 ion ,  in cont rast to t he published 
official figu res of 61 ,292 acres. The 1977 
Agricu l tura l  Census (Government of  
Banglade h ,  1 98 1 )  found ne t  irrigated a rea 
to be 1 1 . 3 per cent of net sown area; official 
data for the same year reported net irrigated 
acreage to bt approximately one-thi rd· 
highe r, at 1 4 .7 ptr cent (G overnment of  
Bangladesh, I 985 ,  pp 690, 825) .  

10  Gopinat h ( 1 976). 
1 1  The relationship is somewhat clouded by 

in t ra-stale varia t ions; in Ut tar  P radesh and 
Biha r, for example, i rr igat ion is concen
t rated in wh eat-grow ing areas. 

1 2  Governmen t of Bangladesh and FAO/ 
UNDP Miss ion ( 1 977) ,  p 4 .  

1 3  Calculated from data in M acDonald and 
Pa rtner ( 1 9 82), \/bl 3 ,  Repo rt V, Tables 2.2 
and 7 . 1 0. 

14 Agarwa l  et al ( 1 982), p 6. 
I S  Bi was ( 1 980); Carruther a nd Clark ( 1 98 1 ), 

pp 1 29- 1 3 1 .  
1 6  Thi concep t o f  neutrality is generally attri

buted to Hicks, al though i t  can be t raced 
to Pigo u .  S ee Boyce ( 1 987), p 50, n 2. 

1 7  Palmer-J ones ( 1 986) repons variants of these 
th ree paym ent ystems en countered in a 
survey of deep tu bewells and low- lift pu'tnp$ 
i n  13anglad e h, and analyses their equity 
and e fficie ncy im plication s .  

1 8  Chambers ( 1 980), p 36. To illustrate the 
latter, Cham bers q uotes John Harriss on a 
system in S ri Lanka where 'in time of scar
city water s upplies depend on t he strength 
of a man' right arm'. 

1 9  Chambers ( 1 980), pp 40-41 . 
20 See ickum (1 978). 
21 1 am indebt ed 10 Michael Lipton for sug-

gest ing this term . 
22 Worster (I 985), p 7. 
23 Howes (1984), pp 22- 23. 
24 Dhawan (1982), p 1 54, reports that falling 

water tables due to I he installation of tube
we l ls may help to account for 'the dis
appearance of traditional wells from the 
Punjab agriculture' .  Howes (I 982) and Gill 
(1983) report similar con flicts between 
deep and shallow tubewells in parts of 
Bangladesh . 

25 See Worster (1985), pp 141-2. 
26 Sengupta (I 985), pp 1930-1 . 
27 Sengupta ( 1 985), p 1927; see also Tu.maki 

(1977), p 24. 
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28 Cohen (1977), p 14. 
29 Boserup (1965), pp 59-61. 
30 Clark (1967), pp 137-138. 
31 Simon (1975), p 76. 
32 Boserup (1965), p 118. See also the com

ments of Coale and Sovani regarding Sri 
Lanka, India, and Japan, in Coale, ed 
(1976), p 296. 

33 Boyce (1987), Chapter 5. 
34 Hicks (1932), p 120. 
35 For a itummary of evidence from India, see 

Sen (1975), Appendix C. 
36 In India, for example, as Sengupta (1985, 

p !9::0) observes, "The steeper slopes of the 
Himalayas or the Western ghats do not pro
vide as much slope [for gravity !low 
irrigation] as the gentle slopes of the 
Eastern ghats". 

37 Vaidyanathan (1983) explains the prevalence 
of tanks in south India in this way. 

38 Hsieh and Ruttan (1967), pp 337-9. 
39 Bray (1983), p 26. 
40 For an international review of the evidence, 

see Berry and Cline (1979). Much of the In-. 
dian evidence is summarised by Sen (1975), 
Appendix C. Rudra (1982), pp 150-189, 
stresses the non-universality of the inverse 
relationship, however. 

41 For discu sion, and a consideration of the 
related issue of land quality differences, sec 
Boyce (1987), pp 38-41, 201-213. 

42 For discussion, see Ghose (1979). 
43 Ideally, such a distributional measure 

should be adjusted for variations in 
household size, and for variations in the 
proportion of income derived from non
agricultural sources. 

44 Colombo et al (1978), p 29. More generally, 
Uphoff and Esman (1974, p 64) write: "The 
first condition for developing effective local 
initiative seems to be the relatively equitable 
distribution of as ets, which in the Asian 
rural context means primarily land". 

45 Palanisami and Easter (1984), p 223. 
46 Ramamurthy (1984), Part I, pp 6, 22, citing 

conference papers presented by Nirmal 
Sengupta and T K Jayaraman. 

47 Lipton (1984), p 44. 
48 For example, in the Mayurakshi canal irriga

tion project of West Bengal, it was originally 
envisaged by planners that half of the 
acreage irrigated in the dry winter season 
would be sown to wheat, and the remainder 
to mustard, pulses, vegetables and sugar
cane. In practice, however, the principal crop 
irrigated-is rice. This helps to explain why 
winter season irrigation in the mid-1970s 
covered only 31 per cent of the projected 
command area. See Boyce (1987), pp 232-3. 

49 Horst (1984), p 212. 
SO The phrase is used by Wood (1984), p 79. 
SI See Leach (1961), pp 158-9; Coward (1979), 

pp 30-31; Siy (1982), pp 54-SS; and Sengupta 
(1985), p 1931. In these cases, it will be noted 
that fragmentation of landholdings pro
motes efficient water use. Sengupta observes 
that in such a context government-enforced 
land consolidation programmes are likely 
to be counter-productive. 

52 Jairath (1985), p A-6. 
S3 A divergence between technical and indi

vidual optima can arise for two reasons. 
First, water does not flow uphill. Maximisa
tion of the tubewell's command area hence 
requires siting it on high ground, whereas 

maximisation of individual control requires 
that it be sited on the waterlqrd's land; the 
two criteria often. dictate �ifferent sites. 
Second, individual neglect of externalities 
arising from falling water tables will result 
in tubewells being sited too close to each 
other. 

54 For further discussion see Boyce (1987), 
Chapter 7. 

55 Palmer-Jones (1986), p 14. 
56 Griffin (1985), p 19 .. 
57 For some preliminary observations, sec 

Hinton (1983). 
58 Ramamurthy <1984), Part 11, pp 7, 12. 
59 Scott (1985) provides an exceptionally close 

observation of such resistance in rural 
Malaysia. 

60 For references, see Hayami (1981), p 14. 
61 See Rapoport and Chammah (1965); Sen 

(1977); Lipton (1984); and Axelrod (1984). 
62 Lipton (1984), p 30. 
63 Geertz (1980), pp 79-82. 
64 The very name, dharma tirta, has social and 

religious connotations. 'Dharma suggests 
social interdependency, and community, 
while tirta signifies sacred, pure water with 
life-giving fertility. Duew.el also notes that 
the land ownership pattern in the central 
Javanese villages· he studied was quite 
egalitarian: absentee landlordism was 'prac
tically non-existent', and very few house
holds owned more than one hectare of land. 
He suggests land tenure systems elsewhere 
might be another impediment to dharma 
tirta development. Duewel (1984), pp 265, 
269, 284-5. 

65 Hayami (1981), p 14. 
66 As evidence of the greater 'looseness' of 

Thai village structure, Embree cited the 'less 
clearly defined and less strictly enforced' 
rights and duties of villagers; the mobility 
of the population; and the lack of emphasis 
on long-term obligations, as exemplified by 
the absence of long-term village financial 
credit associations. For evidence of com
parable 'looseness' in rural Bangladesh, see 
Van Schendel (1981) and Hartmann and 
Boyce (1983). 

67 Geertz (1980), p 87. In speaking of 'social 
system of the Balinese sort', Gecrtz is here 
refcring to more than simply irrigation, but 
the underlying issue is the same. 

68 Sengupta (I 985), pp 1930-5. 
69 Lipton (1984), pp 45-46. 
70 Chambers (1980), p 48. 
71 Both factors could, of course, be jointly at 

work, and it may be that in some circum
stances an inegalitarian, hierarchical culture 
is more resilient in the face of external 
pressures. 

72 The causality need not be unilinear; that is, 
the need for irrigation could help to induce 
the emergence of authoritarian states, and, 
at_ the same time, the emergence of such 
states could increase the possibilities for 
irrigation development. See Mitchell (1973). 

73 Dictatorship plays an analogous role in 
social choice theory; see Arrow (1951). 

74 Wade (1984), pp 288, 298-9. 
75 Carruthers (1983), pp 64-66. 
76 Wade (1984), p 290. 
77 Sundar (1984), p 22. 
78 Vaidyanathan (1983), pp 37-38. 
79 Ramamurthy (1984), p 5, citing Scngupta's 

work on aharpine irrigation in southern 

Bihar. 
80 Barker et al (1984), p 30. 
81 Wade (1982b), p A-103. 
82 Barker et al (1984), p 29. 
83 The use of irrigation development funds for 

patronage is stressed by Vaidyanathan 
(1983), pp 38-39. For an illuminating 
account of the corrosive effects of the intro
duction of external resources upon tradi
tional social organisation, see Van Schendel 
(1981), pp 215-8, 247-8. 

84 Sengupta (1985), pp 1927, 1935. On irriga
tion development in Tokugawa Japan, see 

Kelley (1982). On China, see Nickum (1979, 
1982), and Vaidyanathan (1984). 

85 Cruz, Briones and Hufschmidt (1984), 
pp 3-4. 

86 Levine (1980), p 9. 
87 Colombo, Johnson and Shishido (1978), 

p 36. 
88 Ibid, pp 31-36. 
89 Hartmann and Boyce (1983), pp 259-260. 
90 Thomas (I 975), pp 53, 56-57. 
91 According to the World Bank (1981), p 62, 

irrigated acreage rose from 16 million 
hectares in 1949 to 45 million hectares 
in 1981. 

92 World Bank (1981), p 9. 
93 Perkins and Yusef (1984), pp 50-51. 
94 Vaidyanathan (1984), pp 80-81, states that 

the organisational structure for the con
struction, opcrat'ion, and maintenance of 
irrigation sys,tems in China 'has been and 
remains considerably less centralised than 
is generally supposed', and that the role of 
the state bureaucracy is much more limited 
than in India. Nickum (1982), p 65, on the 
other hand, observes that "the actual role 
of the present democratic management 
bodies is unclear", and that evidence from 
some places indicates that they "have little 
say over the choice of their ex officio leader
ship" and "are 'top-heavy' with higher-level 
officials". 
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