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Introduction 

The irrigation of arable land and pastures has been practised around Ihe world for 
Ihousands of years. With Ihe aid of irrigation it was lind still is possible to grow crops 
with rcl iably high yields in all arid regions of the earth. At the same lime. irr igation has 
guaranteed an adequate and continuous supply of foodstuffs. without which it would 
not h3ve becn possible for sophisticated civi lisations 10 develop along the Nile (Egypt). 
the Tigris and Euphrales (Turkey. Syria and Iraq), the Indus (Pakistan and India), the 
Ganges (India and Bangladesh) and also along the Hwang Ho (Yellow River) in China. 
It is eSl imaled thaI by the year 1800 about 8 million hectares of land were irrigated 
around the world. but 100 years later this figure had increased to about 40 mill ion 
hectares . part ly as a result of modern sprinkler irrigation systems thai had become 
available 10 gardeners and farmers. By the year 1950. the irrigated area had risen still 
further to a tolal of about 94 million hectares on a world-wide basis. Irrigation fanning 
continued to grow at a considerable rate in subsequent years. espcdally during the so
called .,Green Revolution". Nowadays, about 250 million heclares, or 17 % of the 
world's agricultural area, are irrigated, producing about 36 % of the world's food 
supplies. In tenns of sales value, the contribution made by irrigated agriculture to the 
world's tOlal agricultural output is estimaled aljustunder50 %: this is probably due to 
the fact thai in many irrigated areas farmers grow a greater proponion of crops wilh a 
high market value. 

On a regional basis. it is estimated that around 60 % of the value of crop production in 
Asia is grown on irrigated land. This includes about 80 % of Pakistan's food, 70 % of 
China's food and over 50 % of the food in India and Indonesia. In the Middle East and 
North Africa, morc than one third of the region's crop production by value is irrigated, 
including all the food grown in Egypt and more than half of that grown in Iraq and 
Iran. A relatively small proportion of agricultural production in Latin America, around 
10 %, is grown under irrigation, bUI half of the crops grown for export in Chi le and 
Peru are irrigated. Madagascar produces more than 20 % of its agricultural outpul and 
food on irrigated land. Sub-Saharan Africa has the smallest regional area under 

¥ Prof. Dr. Pcter Wolff and Dipl.-Ing. Rolr Hiibcncr. Facligcbicl Kuhuncchnik und 
Re~sourccnsehutl.Fachbercich 11 , Univcrsitat Gesamthoc:lis.chule Kassel. Nordbahnhofslrafle 
Ja.D-372 13Witz.c:nhaUKn 

195 



irrigation. and produces an estimated 9 % of its tolal food production on irrigated land 
(YUDELMAN.1994). 

Thcrefore, the irrigated sector perfonns an essent ial task in meeting the basic food 
needs of bil lions of people in the world, especially in Asia. 1\ has provided more than 
half of the two most important basic staples and close \0 a th ird of all food crops. In the 
future, irrigation farming and gardening will have to provide an even larger proporti on 
of total food supplies. especially in Asia. 

2 Problems of Today. Challenges (or the Future 

Notwi thstanding the great importance of irrigation for the production of foodstuffs and 
renewable raw materials, the sustainabiliry of irrigation farm ing in developing 
countries is seriously at stake. Country·wide, regional and seasonal water scarcity in 
developing countries poses sevcre problems for national governments and the 
international development community. The challenges of growing water scarcity are 
exacerbated by the increasing costs of ncw water. wasteful usc of already developed 
watc r supplics. degradation of soils in irrigated areas, depletion of ground water, 
pollution of water and its impact on human health. and the massive subsidies and 
distorted incentives whieh govern water use. Apart from these problems. it is clear that 
the rapid development in irrigated agriculture in developing countries during the past 
threc dccades has been achieved with remarkably lillie change in organisational 
frameworks, irrigation technologies and the institutional setting of agriculture. 

2.1 Incrensing Cost o(New Water 

According to Rosegrant (1995) new sources of water are increasingly ellpt:nsive to 
exploit, limiting thc potential for ellpansion in new water supplies. If we look al the 
situation in India, Indonesia, the Philippines, Sri Lanka and Thai land we find that the 
real capital costs for the construction of new irrigation systems. on an unweighled 
average. increased from US$ 1,744 per hectare in 1966·69 to USS 4.385 per hectare in 
1986-88. All countries show large increases in the cost of investment per hectare over 
the past two decades. In India and Indonesia. the real costs of new irrigation systems 
have more than doubled since the latc 1960s and early 1970s; in the Philippines, costs 
have increased by more than SO %; in Sri Lanka, they have even tripled; and in 
Thailand they ha' ·e increased hy 40 %. In Africa, irrigation construction costs have 
been even higher than in Asia, due to numerous physical and technical constraints. The 
average investment cost for medium and large-scale irrigation with full water control is 
estimated at US$ 8,300 per hectare in 1992 dollars (FAO, 1992). These cost increases. 
in combination with until recently declining cereal prices. resul t in very low rates of 
relUm for new irrigalion conslruction. 
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2.2 Wasteful Use of Exis ting Water Supplies 

One of the most challenging issues is to generate water savings from present 
agricultural. household, and industrial water uses. Water usc efriciency of irrigation 
farmin g in most regions of the developing world typically ranges from 25 to 40 'k, 
whi le in urban water supply systems often 50 % or more can be considered as direct 
water losses. These inefriciencies seem to imply a potential for huge savings from 
existing uses of water. The potential savings of water arc not as dramatic as they 
sometimes appear. because some of the Wlller "lost" from systems becomes beneficial 
elsewhere. However, the scope for water savings from existing uses remains large. 

An immensely difficult challenge wi ll be to improve the efficiency of agricultural 
water use and maintain crop productivity. while allowing at the same time reallocation 
of water from agrieul!ural to urban. industrial and environmental uses. Irrigated area 
accounts for nearly two-thirds of world rice and wheat production. so increases in 
irrigated output per unit of land and water are essential to feed growing populations. At 
the same time, because of the limited number of cost·effective new sources of water, 
the rapidly growing municipal and industrial demand for water will need to be met 
increasingly by water savings within irrigated agriculture, the laller generally 
withdrawing 80 % of water diverted for use in developing countries. 

2.3 Degradation of Irrigated Cropland 

The pasl decade has seen. according to Rosegrant (1995), a Significan t degradation of 
existing inigated cropland. Although data is limited and definitions of affected area 
vary considerably, estimates of annual global losses of agricultural land due to water 
Jogging and salinization range from low figure s in the order of 160,000 . 300,000 ha 
(TOLBA, 1978; BARROW, 1991) to estimates as high as 1.5 million ha (KOVDA. 
1983), wi th most of the waterlogging and salinization in inigated croplands of high 
production potential. 

The FAO estimates that half of the world's irrigated areas are threatened by the three 
"silent enemies" of sal inization, alkalinization and water logging. Global accou nts of 
the lotal area affected by salinity but still in production also vary considerably. El· 
Ashry (1991), Rhoades (1987), and Kayasseh and Schenk ( 1989) have come to the 
conclusion that salinity seriously reduces productiv ity on 20 to 30 million hectares of 
inigated land. Barrow ( 199 1), however, estimates that in the late 1980s roughly 30 to 
46 million hectares were in a poor state due to salinization. Thus degradation of 
irrigated area is a significant and growing problem, increasing further the pressure on 
loday's irrigated production. 

Besides water logging and salinization, loss of irrigated area is also due to reservoir 
siltation, deferred maintenance, watershed degradation. excessive waler allocation and 
well failure. 
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2.4 Ground Water Depletion 

Ground water depletion is another severe problem in irrigated agriculrure around !he 
world. Overdrafting or mining ground water at a rate higher than the recharge not only 
increases pumping lifts and costs due to the lowered water table, it nlso causes land to 
subside and induces saline water intrusion along coast lines, in addition to other 
degradations of water quali ty in the aquifer. 

In the United States the equivalent of 4 mill ion hectares, one-fifth of the irrigated area, 
is irrigated by pumping in excess of ground water reehargc (POSTEL, 1993). The 
Ogallala aquifer, wh ich stretches from South Dakota to Northwest Texas, has been 
heavily depleted in its southern portions, wherc ground water supplies dropped fro m 
550 million acre-feet prior to large-scale irrigation development down to 417 million 
acre-feet in 1990. 

In parts of the North China Plain ground water levels are falling by as much as one 
meter per year. and heavy pumping in portions of the southern Indian Slate Tamil Nadu 
has been estimated to lower water levels by as much as 25 - 30 m in a decade. In 
India·s westcrn state of Gujarat, over-pumping in the coastal areas has caused saltwater 
to invade the aquifer, contaminating vi llage drinking water supplies (POSTEL, 1993). 

Fossil aquifers. which are typically deep underground receiving linle or no ~harge, 

are being utilised for irrigation in some of the most arid regions of the world. Pumping 
of fossi l water constitutes waler mining, one-time extractions from a depletable 
reserve. Egypt and Libya provide examples of ex tensive use of fossil water for 
irrigation. Three-fourths of Saudi Arabia's water supply come from non-renewable 
ground water sources. and th is share is expected to rise: Ground water pumping in 
Saudi Arabia exceeds estimated mharge more than five-fold. 

2.5 Pollution, Water Quality and Human Health 

Pollution of water from industrial e rnuents. poorly treated or untreated domest ic and 
industrial sewage. seepage of agricultural chemicals, and runoff of mining wastcs is a 
growing problem around the world. The main contaminants found in water include 
de tergents (soap and solvents) all kinds ofbioeides, petroleum and other derivatives, 
toxic metals, radioac tive wastes. fertilisc rs and othcrplant nutrients, oxygen-depleting 
compounds. and vectors of diseases like hepatitis, typhoid fever, cholera. and dysentery 
(ANTON, 1993). 

Because of water scarcity contaminated waste water is very often used for irrigation, 
creating significant risks for human hcalth and well-being. 

2.6 Massive Subsidies and Distorting Incentives 

Roscgrant (1995) points out, that despite these challenges. most of the world does not 
treat water as the scarce resource that it is. Both urban and rural water users are 
provided with massivc subsidics on water usc. Irrigalion waler is essenti ally unpri (.:ed. 
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In urban areas the price of water does not cover the COSt of delivery. Decisions on 
capital investment in the water sector are carried out irrcspective of the management of 
the resource. In Jordan, despi te severe water scarcity, present water policies lead to an 
overuse of water, often resulting in unpredictable rationing. Excessive use of irrigation 
water is encouraged by massive subsidies. Irrigation water allocated by the public 
sector is priced at only one-tenth of the actual cost of water provided by the private 
sector (ROSEGRANT, GAZMURI, and YADAV, 1995). Annual irrigation subsidies 
are estimated at US$ 0.6 billion in Pakistan, US$ 1.2 billion in India, and US$ 5.0 
billion in Egypt. 

Whenever water is provided at litt le or no cost to the user. neither water managers. 
irrigation farmers, nor urban water consumers have an incentive to conserve water. As 
a result, this prccious resource is -deemed undepletable and is applied excessively for 
all kinds of purposes, leading to water logging, salinization, ground water over
drafting, and return nows degraded by agricultural chemicals and industrial pollutants. 
In irrigation fanning this could cause a weakening of "best management practices", 
seriously affecting the profitability of the whole enterprise in the long ru n. 

2.7 Management and Institutional Situation 

The management of irrigation systems in many deye[oping countries is characterised 
by a situat ion in which the "Irrigation Depanments" - isolated from the beneficiaries -
make the system run as well as possible with [ittle regard to the basic objectives of crop 
production. For example, Pakistan's irrigated agricultural sector experiences constraints 
which, according to its National Commission on Sustainable Irrigated Agriculture, are 
caused mainly by the fo llowing three factors: 

(\) a general shortage of good quality canal water. which becomes more pronounced 
during peak periods of crop water requi rement; 

(2) a maintt;nance-rclated deterioration of the physical condition of the canal system, 
which reduces the water deliyery efficiency while aggravating the water shortage 
siluation; and 

(3) a centralised and rather static administrative system, which cannol fu lly cope with 
the increasing difficulties of effecting both proper operation and maintenance of the 
physical system, as well as equi table water distribution. 

In Pakistan, as in many other deyeloping countries, these constraints are furthcr 
aggrayated by some daunting enyironmental problems associated with water logging, 
soil salinity and flow limitations of the conveyance system. The combined effcct of 
thcse problems amounts to an increasing inequity and declining productivity in 
irrigation fanning. It is clear that, under conditions of resource shortages, equity and 
productiyity are positively correlated. 
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2.8 Ir r igation Technology 

The employment of new irrigation technology in developing countries is a perplexing 
issue. Theory tells us that new technologies improve the productivity of an economic 
enterprise and reduce its cost. Yet while the re have been dramatic change sinirrigation 
techno logy in Australia. North America and Europe in the past 35 years. little of this 
development affected. for instance, Asian irrigation. Technology employed in many 
recently constructed canal irrigation systems in Asia would be perfectly recognisable to 
a tum ·of-th e-century irrigation engi neer. Swendsen and Rosegrant (1994) see a 
principal reason for this lack of technology transfer in the fact that the most important 
developments in irrigation technology have occurred in the area of water application 
and not in the area of conveyance and distribution. 

In developing countries. especially in Asia where fanns and, often, irrigation schemes 
arc far smaller than Australian or U.S . farms. there has been little adoption of the 
sprinkle r and drip technologies which are the principal targets of research attention. In 
Asia up to now, most needed arc improved technologies for water conveyance, 
delivery and allocation. and not for water applicat ion in the field. This requires, 
according to Swendsen and Rosegrant (1994). a type of research which is vastly 
different from the agronomy-re lated research models that have been introduced to the 
Asian reg ion from abroad. Such ncw models must be developed, for instance. in Asia 
involving close linkages between technology assessment and adaptation and system 
management innovation. In addition, widespread acceptance of new technologies at the 
main system level requires a more sweeping sectoral policy and institu tional change 
before strong effective demand for them will emerge. 

Forces for C hange 

3.1 T he Realistic Approach 

In considering the neu-tenn future, trends can be extrapolated to provide a sense of 
ant ic ipated condi tions. But extrapolat ions are far less reliable when dealing with the 
mid-range and long-tenn future. In the case of irrigation development, it is useful to 
identify and. ~xamine fun damental forces and to speculate on their implications for 
change. Svendsen and Rosegrant (1994) have identified fou r such forces : Competition 
for water, environmental concerns. (irrigation) technology, economic and political 
Iiberal isation. 

3.11 Compet ition for Water 

Water is a fi nite but renewable resource. What we arc concerned with is the timely 
allocation of the average quant ity of fresh waler which will be replacoollnnually in the 
surface waters and aquifers of a country or reg ion. As we close on the limi t imposed by 
the level of annual replacement, we expect an increaSing competition among various 
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watcr users and costs o f exploi ta tion to rise, as already has taken place in respect to the 
real capital costs for construction of new irrigation systems (see abo ve). 

Irrigation creates typically the largest consumptive use of water, but unfortunately its 
priori ty of claiming water is always lower than domestic usc claims, and its economic 
productivi ty does not compare with industrial water uses. Therefore. according to 
Svendsen and Rosegrant (1994) irrigation will be subject to increasing pressure in 
order to reduce its consumption, re lease supplies for competing uses and pay the 
economic scarcity cost for water. rather than thecurrenl highly subsidise dprices. 

3.12 Irrigation Technology 

The crucial components of an irrigation system - the operational items - are the 
structures for regulating, diverting and measuring the now of waler in the various parts 
of the system. Their type and characteristics largely detennine the operability and. 
subsequently. the manageability of the system. There is a great variety of structures 
avai lable from simple overflow structures to automatically controlled systems. During 
the last dctades, advances have been made mainly in tenns of automation. The 
application of these devices in the water supply part of an irrigalion system provides 
more flexibility in water management and transfonns irrigation management from 
system down 10 farm level. 

In the developing world a re latively slow growing agricultural popu lation has to feed 
an exploding number of people. especially ci tizens of urban and periurban areas. 
Therefore. the output of the agricultural labour foree has to be increased by the 
introduction o f appropriate technologies. including irrigation technologies which save 
labour and case the workload of irrigation. Under no circumstances shall irrigated 
agriculture any longer be looked upon as having the capacity 10 absorb al1 the 
unemployed masses of people for whom the national system is unable to provide 
enough employment in other sectors of the economy. 

Consumer·oriented production in agriculture is gaining widespread acceptance, forcing 
farmers to become even more cost and profit concerned managers. The need to 
increase the agriculturnl output and to reduce laoour, management and resource input 
expenses will result in a shift towards the development and use of more sophisticated 
production technologies even in developing countries. 

3.13 En\'ironmental Concerns 

Sevcral kinds of environmcntal issues are of direct concern to irrigated agriculture 
world-wide. There are affects such as watershed deforestation and so-cal1ed 
clItcrnalities which result from irrigation or are eucerbated by ii, such as rising water 
tables. salinization of irrigated land. or chemical contamination of ground water. 
(rrigation development can also be hazardous to public health by providing ideal 
condi tions (or malaria and bilharlia. especial1y where cropping is envisaged all the 
year round. Today. howc:ver. there are techniques available, thalc ancreate disease·free 
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environments in irrigation schemes or minimise the problems (FEYEN and BADll, 
1993). But the public in many countries becomes increasingly concerned and therefore 
quite often is opposing irrigalion development in general. 

Values placed upon various uses of water are changing aeeording to society'S 
preferenees. The increasingly urbanised world will demand water not only for new 
municipal and industrial uses but also for environmental reasons. The publ ic in the 
industrial countries as well as in the developing world appreciates much more than in 
the past the value of free flowi ng rivers, undammed canyons and wetland biotopes. The 
demand to preserve them will intensify world-wide. 

3.14 Economic Liberalisation 

Of the forces for change currently at large in the developing world, according to 
Svendsen and Rosegrant (1994). none is more signific ant than ~economic 

libcra lisat ionfl
• Recent changes in economic and political philosophy and policy in 

Eastern Europe, the former Soviet Union, South Asia and in most of Africa are 
profound and will shape the course of economic and political development in these 
countries for decades to come. Although applied in different forms in differen t 
countries. economic liberalisation is characterised by market-oriented economic 
policies, realistic exchange rates. liberalisation ofinternatio nal trade, a central role of 
private initiative in producing goods and services, reduction of subsidies, and 
transparency in economic policy instruments, i.e. overt rather than hidden subsidisation 
and taxation. Continued economic libcralisation will improve in many cases the 
relative competitive position of agriculture in the economy. However, libcralisation 
also implies reduct ion of indirect subsidies to agriCUlture, exening fu n hcr pressure for 
increasing the efficiency of irriga tion and ra ising agricultural productivity. 

Dramatic changes have laken place in Eastern Europe. A well documented example is 
East Germany: With the fe-unifi cat ion of Germany the economical situation in the 
eastern part of the country has changed complete ly. For instance the economics of 
irrigating fodder crops and cereals, which are the main crops irrigated besides sugar 
beets and potatoes, became questionable. Following re·unification the irrigated area 
declined dramatically from more than 520,000 hectares to less tha ll 130,000 hectares 
today. Sirriflar developments took place in other parts of Eastern Europe. Centrally 
plan ned economics had installed a farming system, which rearranged the count ryside 
by creat ing very large fie ld plots, providing good opportunities for the use of large
scale sprinkler irrigation technologies, like side· roll, cenler pivol and linear move 
syslems. Now the machillCry lies idle along the roadside. resembling lillIe more Ihan 
scrap. Due to the lense economic situation in this region nobody even dares to 
speculate about the time-frame for new investments in irrigation equipment. 
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3.15 Administrative Libcralisation? 

Environmental concern is a state of mind not easy to reach. When one considers how 
long it has taken the average ci tizen in the developed world to adopt at least some 
essential environmentally sound behaviour. it is hardly surprising that the average 
politician. who is always trying to find a compromise between diverging in terests. wit[ 
need even more time to take account of environmental concerns when making policy 
decisions. One reason has been his simplistic view of the world , where free trade and 
continuous growth are the centrlll issues to be dealt with exclusively. Therefore. in the 
past political systems lind their administration have served predominantly the economic 
sector. smoothing business operations and providing the grounds for the highest 
possible gross national product, since the laller is deemed the most important 
perfonnance indicator. Unfortunately, this distorted view of a nation's economic power 
tends to exclude other key variables of human SU["'.lival and success from considerat ion. 
In particular, the st rong belief that the stochastic nature o f an unhampered production 
and trade automatically cames the potential of regulating itself always towards more 
perfection prevents many a contemporary pOli tician fro m taking a closer look at the 
fragile nature of our present well-being. Concern over the negative ecological side
effects of economic development and progress is on ly slowly making itself felt. 

In the fu ture. politicians and government officials · no matter who and where they are
have to operate on a higher level of social competence. They are elected and put in 
charge as leaders and public se["'.lice personnel. who are obliged to transform society's 
ideas for a beller future. Sustainability is one of the keywords which sets the standards 
fo r the international community as a whole. Svendsen (1987) has identified human 
insti tu tions - a tenn which covers not only governmental agencies but all sorts of social 
structures - as '· the keys to sustainability·'. In his words. no piece of infrastructure is 
stable or sustainable without instructions to operate, repair, adapt and maintain it. This 
might require unpopular decisions and the will to accept the limits of growth as set 
fonh. for example. by the Club of Rome. especially when reductions in wealth. income 
and living conditions become inevitable. Unfortunately. this new era does not suit 
individuals who wish to please everybody with a compromise, but rather those whose 
integrity allows for cJear decisions and prornpl execUlion. However, to invite business 
oriented characters to venture into typically governmental se["'.lices. e.g. waste recycling 
or water delivery, wilh a profit maximizing philosophy could generate the wrong 
effects, as demonstrated by many negative examples in Europe and North America. 

Administrlltive Ulsks like environmental protection and water policies can only be 
performed right by goverment initiative. More than ever it will be the duty of the 
knowledgeable and incorruptible official to create and enforce the appropriate 
regulations. 

As far as irrigated agriculture is concerned, there are three major points of interest: To 
prCtcet water quality is an objective which goes beyond agricultural issues and 
involves both the individual and governmental supe["'.l ision. But ensuring sufficient 
water quanti ties for future generations lies solely in thc hands of public authorities. Tn 
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many cases only painful wi thdrawal-quota and water rationing will help to solve 
existing problems. In the past maintaining and improving the quality of land has been 
the responsibility of the land owner. Due to bad irrigation practice, salinization 
threatens one of the most valuable resources· arable land. At this p oint.officialstwely 
should th ink about new regulations which drastically limit the freedom of the private 
irrigator: The range of possible solutions stretches (rom demanding an annual "land 
dcgradation mortgage" paid by the irrigator. if regular soil probing reveals increasing 
salinization, 10 carrying ou\ all water appJications in the ficld by public service, leaving 
no option to the land owner. The final choice wou ld be to prohibit irrigating at all, 
forcing the land owner to convert his formcrly irrigated ficlds to dryland farming . On 
the other hand. large-scale waterlogging could sometimes be attributed to bad planning 
and supervision by governmental agencies or public services. entit ling the private land 
owner \0 claim compensation from the authority 

3.2 A Social Fiction Approach - Changing the Global Production System 

Ian Carruthers, an internationally recognized well known agricultural economist 
formerly at Wye College, Uni\'ersi ty of London. forecasts a switch in the global 
production base which will lead to the cities of the South (developing countries) 
producing the bulk of the manufactured goods (industrial and others) and scrvices 
(routinc banking. insurance. travel. software development, etc.), wh ile the North 
(developed countries, incl. Australia) supplying the bulk of their food. Local food 
supplies will increasingly fail to satisfy southern urban demand because the population 
of the ci ties will continue to grow rapidly. Expansion of the area cropped has virtual ly 
come to an end; yield increases now depend mainly on institutional reform and 
management improvement which will be much more difficult to achieve than with new 
wheat and rice variet ies and nitrogen fertili sers as that achieved during the green 
revolution. Public and private agriculrural research in both the North and the South. he 
argues. will continue to receive diminishing resources. and new biotechnology appears 
to stumble along with only few practical innovations facing growing consumer 
resistance. All in aI!, in his opinion, the prospects for a second phase of the green 
revolution are remote. He is convinced that the tfopical and subtropical developing 
world will, in about 20 years time. produce the bulk of the manufactured goods. and 
the temperate world will produce the bulk of the food (CARRUTHERS and 
MORRISON. 1994). 

Carruthers and Morrison ( 1994) conclude infer alia: 

(I) "Water problems 8re central to agriculture's difficulties. Rainfall ;s inadequate and 
highly variable. Yet a vibrant agriculture is essential. and, under the assumption of a 
favourab le macroeconomic poliCY, as land becomes scarcer, technological change in 
favour of some forms of land and water saving. labour using technology. appean to be 
thekey.w 

(2) "At present, irrigated agriculture provides one third of the world's food production. 
Perhaps two thirds of the future incremental production wi ll come from irrigated land. 
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However, we do not anticipate or call for an increased rate of capital intensive 
investment in irrigation infrastructure but we do need 10 see more achieved with what 
is presenllydeveloped." 

(3) "11 is thusconceivablc that in the ne)( t decades we will see increasing in centives for 
the North's food producers to increase production (perhaps with less subsidy), given 
tha t an increasingly urbanized and industrialired South will be in a posi tion to pay for 
these imports." 

What an outlook, indeed - a Morgenthau-Plan for the humid, temperate lones of the 
earth! Unfortunately, il will only delay the problems of water mining and poll ution for 
a few decades or so, result ing in even worse conditions. And what will happen if social 
unrest and political confl icts with possible military action arise in such a global setting 
of diyision of labour and production means? It will surely mean the end of the world .. 

Conclusions and Questions 

The future needs more than teday's professionalism in drawing up new ideas and relief 
plans. It requires - as simple 0.5 il sounds - true decisive aclion in solving all those 
problems already identified; it cannot afford to delay taking such action. 

Projections of future irrigation deveiopment over the next half cenlury are exercises in 
"futurology". But the following is not speculation; Irrigated agriCUlture around the 
world, and especially in devcloping countries, faces extraordinary challenges in the 
coming decades. On the one hand. il has 10 provide a major share of the required 
increases in food and fi bre production to meet the objectives of poverty alleviation and 
development. On the other hand. it is threatened by water shortages arising from 
accelerated competition of domestic, industrial and other water users. This situation is 
further worsened by dwindling fi nancial resources available for capilal expenditures as 
the costs of new inigation schemes increase 

In the fu ture, municipal water demand will always be of first priority_ It becomes quite 
clear that world wide a reallocation of water supplies will have to take place. In many 
cases there will be a transformation of irr igation water sources in favour of domestic 
and industrial uses. Agriculture and especially the irrigation seclOr, being at present the 
main water user, will have to get along wilh less and less water in the years 10 come 
water that could be increasingly of marginal quali ty. 

However, developing countries are beginning to foilow western production 
philosoph ies, shifting from land-extensive farming to land-intensive agriculture, well 
aware thai they will in future be dependent on external inputs and on the introduction 
of cost reducing technologies. But fulure increases in Outpul will be gained from the 
same resources, placing an even greater emphasis on yield increases. The critical 
quest ion which remains un-answered is: Can technology continue to generate the yield 
increases required in the future? This question is further complicated by concerns about 
the sustainability of agricultural development in the Third World, the shomge of 
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unoccupied and sui table land, and the availability of adequate waler supplies to meet 
projected future requiremenls . 

The mechanism of poveny and overpopulation is well understood and documented. 
Nevertheless. we have not been able to adjust the number of people to the population 
support ing capacity of the land in those regions of the world which are most prone to 
fam ine and resource misuse. Technical and economical instruments, like irrigation 
development and subsidy, have not brought any re licfof the tense si tuation in these 
oftcn resource lacking, marginal areas, because such measures generate too small an 
advantage per capita in the long run; in addition, they fail to provide equal 
opportunities within and among supported regions due to the pronounced variable 
nature of ecosystems. This causes the "poor guy" to react as always, securing his well
being by a greater number of descendants. 1berefore. if we do not want to exert 
pressure, our only chance is 10 provide every individual with an outlook for a sustained 
fair income in order \0 change his reproduction habit But how? The answer might 
we ll be a prize-winning one. 

S Summary 

Irrigated fann ing penoons an essenl ial task in meeting the basic food needs of billions 
of people in the world. In the future, Ihe irrigated sector wi!! have \0 provide an even 
larger proportion of total food supplies. But country-wide, regional and seasonal water 
scarcity in developing countries poses severe problems for national governments and 
the international development community. The challenges of growing water scarcity 
an: exacerbated by the increasing costs of new water, wasteful use of already 
developed waler supplies, degradation of soils in irrigaled areas, depletion of ground 
water , pollution of water and its impact on human health, and Ihe massive subsidies 
nnd distorting incentives which govern water use. 

Fundamental forces and their implications for change are identified: competition for 
water, environmental concerns, irrigat ion technology, economic and political 
libcralisation. 1lle paper comes 10 the conclusion thai the future needs more than 
1000ay's profeSSionalism in drawing up new ideas and relief plans. 11 requires true 
decisive action in solving all those problems already identified; it cannot afford to 
delay takin8 such ac tion. 

Bewasserung in der Welt - d ie Zukunft wird nicht wie die Vergangenheit sein 

Zusammenfassu ng 

Der Bewasscrungssektor gewahrt die Nahrungsmilte lversorgung und Erniihrungs. 
sicherung von Mill iarden Menschen. In Zukunf. wi rd die Bewasserungslandwirtschaft 
einen noch weitaus grtiBeren Teil def Nahrungsmittelversorgung sicherstellen miissen. 
Die landeswcile, regionale oder saisonale Wasserverknapphei t in den Ent
wicklungslandem stell. die Regicrongcn wie auch die internationale 
Gebergemeinschaft vor groBe Probleme. Die Herausforderungen der zunehmenden 
Wasscrknappheit werdcn vcrsHirktdurch die sleigcndcn Wasscrerschliel3ungskosten. 
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die weitverbreitete Wasserverschwendung, die Degradation der BOden in den 
Bewasserungsgebieten, die &schOpfu ng der Grundwasservorrate, die Versehmutzung 
der Wasservorkommen und die massiven Subventionierungen, die die Wassemutzung 
bestimmen. 

Die Arbeil machl deutl ich, daB der ktinflige Umgang mit der Ressouree Wasser durch 
grundsl1tzliche Veranderungen besti mmt wird, dieses sind u. a. die Konkurrenz urn das 
Wasser. Umweltschutzbedenken, Fortschritte in der Bewasserungstechnologie und die 
okonomische wie auch die poJitische Liberalisierung. Die Arbeit kommt zu der 
$chluBfolgerung, daB l ur Meisterung der Zukunft mehr erforderlieh ist als die 
derzeitige Professionalitfit in Entwick lung neuer Ideen und in der Erstellung von 
Entlas tungsplanen. Es sind wirkliehc, geziehe Aktionen zur Uisung der anstehenden 
Probleme notwendig, ProblemlOsu.ngen, die keinerlei Verzogerungen zulassen . 

Riego en el mundo - el futu ro no sera como el pasado 

Resumen 

EI sector de riego permile la disponibilidad y seguridad de alimentos basicos a mi llones 
de personas. En el fu turo la agricul tu ra de riego lendr4que proveer alln m4s una gran 
parle de la disponibilidad de alimentos, La eseasez de agua a nivel nacional, regional 0 

peri6dica representa para los gobiernos de los paises en desarrollo, asf como para la 
comunidad internacional de ayuda al desarro llo un gran problema. Los relos de la 
escasez de agua cada vez mb creciente se refucrzan por los aumenlos de los costos de 
nuevas instalaciones, eI mal usogeneralizadodelagua, ]a degradaci 6n dclossuclosen 
las regiones de riego, et agotamiento de las reservas de aguas subtelT4neas. la 
ensuciamiento de las fucntes de agua y los subsidios masivos que detcrminan el uso del 
agua. 

El trabajo deja claro, que cI fu tu ro manejo del recurso agua debe de ser determinado 
por cambios sustanciales tales como: la competencia por e! agua, la consciencia 
medioambientalista, progresos en las tecnolog£as de riego y la Iiberaci6n tanto 
econ6mica como paiftiea. EI trabajo lJega a la conclusi6n. que el diseiio del futuro es 
mas necesario que laprofesionalizaci6n aClual enel desarrollo de nu evasideasyen la 
elaboraei6n de planes de ayuda, £Stas son acciones neccsarias y verdaderamente 
dirigidas para la soluci6n de los problemas identificados. Estas soluciones no pueden 
esperarml1s. 

L' irriga tion dans Ie monde - I 'avenir ne rcssemblera pas au passi 

Resumi! 

Le secteur d'ilTigat ion assure l'approvisionnement en nourriture de milliards d'etres 
humains, Dans I 'aveni!, I'agriculture irriguee devra assurer une des plus grosses rarties 
de l'approvisionnement en matic:res nutritives. Le manque d'eau au niveau national , 
regional ou saisonnal dans les pays en voie de developpement rcprl!'scnte un probl~mc 
tres grave pour les gouvernements et les organismes d'a ide internationale. Les 
cons~quences entrain~es par la penurie d'eau sont agravees par la hausse du eoilt 
d'aecc:s aux r~seaux d'approvionnement, par Ie gaspillage d'eau. par la degradation des 
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sols dans les zones irrigutes, par la diminution du niveall des nappes sOllterraines, par 
la pollution des sources et par Ie subventionnement massif qui dc!terminent Ie mode 
d'utlisationdel'eau. 

Ce dossier explique que dans I'avenir, les ems humains devrollt effectuer un 
changemcnt de comportement radical vis 11 vis de I 'utilisation des ressources en eau. II 
yauraentre autres plus de concurrence avec ledroitd'utilisation de I 'eau,ilfaudra 
plus de conscience pour la protection de I 'environemment, des progrh dans la 
technologie d'irrigation el une libc!ralisation c!conomique et politique. Lc dossier mene 
11 la conclusion qu'il faudra surtout dc!veJopper de nouvelles idc!es et des plans dc 
delestage, plutot que la proi"essionalitc! d'aujourd'hui. ce sont des actions prC!C ises qui 
visent A rc!soudrc Ics problemes qui se posent et dontles solutions ne peuvent IIttendrc, 
dontnousauronsbesoin. 
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