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1  INTRODUCTION 
Irrigation in its widest sense involves any process other than natural precipitation that supplies 
water for any commercial or subsistence level crop growth, be it grain, grass, vegetables, orchards, 
trees etc., including livestock watering and fish farming. Therefore irrigation, through supplying the 
water needs of plants as well as livestock, can be considered as an important component of any 
agricultural operation, and the vulnerabilities to climate change as they affect irrigation will 
correspondingly directly impact on the agricultural production outputs. 

It has to be realised though that there are many other factors affecting crop growth performance, 
including such things as soils, availability of light, fertilizer use, presence of pests and diseases, weed 
control, drainage and farmer management practices. One other important factor is the crop 
potential evaporation rate, being the rate at which water vapour is transpired from a plant and 
determines how much water a plant requires from precipitation or irrigation to sustain its healthy 
growth. This potential evaporation rate is a function of the temperature, wind speed, and relative 
humidity in the direct vicinity of the plant.  Therefore it can be seen that in the context of 
agriculture, climate change can have an influence not only in terms of water availability for irrigation 
and the need for drainage to remove excess water but also on local climatic conditions that affect 
the crop growth performance. 
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2  CLIMATE CHANGE IMPACTS 
Predictions from global climate models are gradually converging indicating that weather patterns 
will become more variable and will include more extreme events1. The assured supply of water will 
decline and the need for additional storage, above or below ground, will need to be increased to 
compensate. Rainfall distribution and volumes will change, and investment in groundwater and 
surface storage will be required in response. The high mountain snowfields, such as in the 
Himalayas, serve as frozen reservoirs, releasing water gradually over the summer. Climate change is 
shrinking these snowfields, reducing their storage capacity, and causing more precipitation to fall as 
rain, increasing spring flows and flooding while reducing summer flows.  

Whilst the availability of water is very important there are in addition other climatic factors that can 
impact on the vulnerability of agricultural production. These can be divided into those that will have 
an adverse effect and those that could be considered as beneficial. Considering the threats first, 
increase in temperatures will raise the evapotranspiration rate from a plant thereby increasing its 
irrigation water requirement. Decreases in the amount of precipitation will put stress on the plant 
whilst it will also reduce runoff flows in the river water sources and hence water available for 
irrigation, whilst prolonged reduction in precipitation will induce droughts and possible total crop 
failure. On the other hand uncontrolled flooding, or flash floods, can cause damage to agricultural 
lands and irrigation infrastructure. If acid rain occurs this would also severely stunt plant growth.  On 
the positive side increases in precipitation, as long as it is not too intense, will be beneficial to plant 
growth and improve water availability in river water courses. Another effect attributed to global 
warming is the potential increase in CO2 levels in the atmosphere (referred to as CO2 fertigation) 
which will help in promoting crop growth and improving yields as long as the levels are not too high. 

  

                                                             
1Source Climate Adaptation –Modelling Water Scenarios and Sectoral Impacts, CESR 2009 
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3  IMPORTANT TRENDS IN IRRIGATION 

DEVELOPMENT 
The past 50 years have seen massive investments in large-scale public surface irrigation 
infrastructure as part of the global efforts to rapidly increase staple food production, ensure food 
self-sufficiency, and avoid devastating famines. See Figure 1.2 

 

FIGURE 1: Expanding Areas under Irrigation 

 
 

Investment in irrigation started to accelerate rapidly in the 1970s, with the World Bank lending to 
the irrigation sector peaking in 1980, when the global irrigated area reached 240 million ha3. Rapid 
growth in irrigated area, together with other components of the green revolution package, such as 
improved crop varieties and substantial growth in fertilizer use, particularly in Asia, led to a steady 
increase in staple food production and a corresponding reduction of real world food prices. More 
recently, agricultural subsidizes in developed countries have also helped keep food prices low.4 Since 
the 1980s international donor lending has dropped away, though the irrigation areas have continued 
to rise steadily to some 308 million ha as recorded in 2008. This has partly been due to the increases 
in private investment in the irrigation sector.  

The annual growth rate of irrigation development, particularly in large-scale public schemes, 
decreased since the early 1980s due to several factors. The areas best suited to irrigation had 
already been developed, leading to increased construction costs for future dams and related 
infrastructure, and the prices of staple cereals continuing to decline. Both of these factors made 
irrigated agriculture progressively less economically attractive than in the past. The 
underperformance of large-scale irrigation also reduced donor interest.5 Concerns over negative 
social and environmental impacts, particularly the dislocation of residents in affected communities 
and the calls for increased compensation flows for environmental purposes received heavy publicity 
and discouraged lenders from investing in irrigation. More competition for water from other sectors 
also reduced the scope for further development of irrigation. The declining cereal prices helped slow 

                                                             
2Source based on World Bank and Food and Agriculture Organization Data 
3Carreuthers, Rosegrant and Seckler, 1997, Irrigation and Food Security in 21st Century 
4Rosegrant and Others, 2001, Global Food Projections to 2020, Emerging Trends and Global Futures 
5Merrey,1997, Expanding the Frontiers of Irrigation Management Research 
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growth in input use and investment in crop research and irrigation infrastructure, with consequent 
effects on yield growth6.  

Irrigation is particularly crucial in sustaining agriculture across the “dry belt” that extends from the 
Middle East through Northern China to Central America and parts of the United States. See Figure 2.7 

 

FIGURE 2: Irrigation Areas as a Share of Cultivated Areas 

 
 

Asia alone has over 60% of the world’s irrigated land, both in semiarid and humid tropical 
conditions. By contrast, irrigation has remained limited in most of Sub-Saharan Africa and South 
America, with a few large commercial schemes developed during the colonial period and a relatively 
modest small-scale irrigation subsector. The 1990s saw the start of a substantial rise in private 
irrigated peri-urban agriculture in Sub-Saharan Africa in response to higher demand from growing 
cities for fresh fruits and vegetables8. A good example of this is now seen in the UK where 
supermarkets are regularly selling to-day imported exotic flowers and vegetables from places like 
Kenya and Ethiopia.  

The advent of affordable drilling and pumping technologies in India and Pakistan in the mid-1980s 
led to rapid development of shallow tube wells and conjunctive use of surface and ground water9. 
Direct control of farmers’ water sources—either through groundwater pumping, drainage reuse, or 
direct pumping from canals and rivers—brought the flexibility and reliability in water delivery that 
most large-scale surface distribution systems did not offer. It also brought new challenges in 
managing irrigation schemes under conjunctive use, falling groundwater tables, and indirect 
subsidies though cheap or free electricity from public distribution systems. 

 

                                                             
6Sanmuganathan 2000, Assessment of Irrigation Options 
7 Source FAO 2006, FAOSTAT Database 
8 Source FAO 2005, Irrigation in Africa in Figures 
9Source Shah 1993, Groundwater Markets and Irrigation Development: Political Economy and Practical Policy 
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Irrigation at present covers 20% of all cultivated land and about 40% of global cereal production. 
Irrigation yields at over 3 metric tons per hectare are over double the rain fed cereal yields 
experienced in the developing world10. This difference in productivity between irrigated and rain fed 
agriculture though varies widely, depending on the climate, combination of crops, and technologies 
used. Typically though, it can be assumed that land productivity is up to four times higher under 
irrigated agriculture than rain fed.  

Moreover, cropping intensity is typically higher under irrigation, with up to three rice crops per year 
being achieved in parts of Southeast Asia and two crops per year in most of the Asian subcontinent. 
Figure 3 shows the distribution of crops under irrigation worldwide and indicates the importance 
given to rice11. 

FIGURE 3: Global Distribution of Crops under Irrigation, 2000 

 
 

Wheat, sorghum and millet cereal crops are the next most important crops being grown extensively 
in the less humid climate areas. There are quite large areas under vegetables and pulses receiving 
irrigation because of their intrinsic higher market values. 

  

                                                             
10 Source Rosegrant, Cai and Cline 2002, World Water and Food to 2025: Dealing with Scarcity 
11 Source FAO Estimates based on data and information for 230million hectares in 100 Countries 



MoSTE | Mainstreaming climate change risk management in development | Irrigation international experience review 

 

 
6 

 

4  DIFFERENT TYPES OF IRRIGATION SYSTEMS 
The term “irrigation system” covers a diversity of situations associated with a variety of crops, 
leading to multiple development and management strategies. There are five basic types of irrigation 
systems that are found to-day being based primarily around their mode of governance12. 

4.1 Large-scale public irrigation systems 

These are prevalent in the drier areas of the world, growing staple crops. They include most of the 
large public schemes of Northern China, the dry part of the Indo-Gangetic Plain, Central Asia, Sudan, 
the Middle East, Mexico and including the Terai in Nepal. These schemes are mostly run by public 
management agencies and for the last 10–15 years have been the focus of irrigation management 
transfer programs. In these schemes water delivery services are typically rather inflexible and 
inequities between the head and tail ends of the schemes are very marked. In response to poor 
service, farmers typically seek to improve the reliability of supply by stealing water, pumping from 
drains, or using shallow groundwater in conjunction with canal water. These schemes were built 
with the purpose of providing large numbers of people with either full or partial irrigation to stabilize 
and augment staple food production and farmers were usually not expected to pay their own 
operating expenses. Today, they face the challenge of economic and financial viability, and require 
technical and managerial upgrading to allow them to respond to the new needs of their farmers. 

4.2 Large-scale public paddy irrigation systems 

These are to be found in the more humid areas. These irrigation systems were progressively 
developed to produce paddy rice and have in most cases gone through a gradual process of 
development, leading progressively to increased water control and cropping intensity. Typical of this 
type of systems are the large terrace systems of Southeast Asia or the tank and delta systems of East 
and South India and Sri Lanka. While they face similar challenges for viability and upgrading as do 
the dry area systems, they also have unique features and properties related to their high rainfall 
environment and paddy cultivation. 

4.3 Small to medium-scale communitymanaged systems 

Such systems are found across the world in Afghanistan, Indonesia, the Philippines, the Andes 
Mountains, the Atlas Mountains, Sub-Saharan Africa, and highland areas in general including the 
hilly areas of Nepal. While this category covers a wide range of situations, it is characterized by the 
small size of the systems, involving private or community investment, and management. Public 
sector involvement focuses more on rehabilitation, consolidation, and improvement. These systems 
form the basis of the economies of their communities and typically show a large variety of cropping 
patterns. 

4.4 Commercial privately managed systems 

These are principally for producing food for local and export markets. These systems do not 
represent a large share of irrigated areas worldwide but can be important locally. They can be found 
in Latin America (Argentina, Brazil, Chile, and northern Mexico), Morocco, Turkey, and industrialized 
countries. They are governed by cultivators, employ paid staff, often use advanced technologies, and 
are responsive to local and international market opportunities.  

4.5 Farm-scale individually managed systems 

These are for producing food for local markets, often around cities. These systems develop around 

cities to take advantage of local markets for high‑value irrigation crops like fruits and vegetables. 
They are highly dynamic and volatile, face land tenure problems as cities grow, and are often 

                                                             
12 Source IWMI 2007, Reinventing Irrigation 
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characterized by large short-term returns on investment. They rely on groundwater or wastewater 
and often face environmental and health related problems, for both consumers and field workers.  
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5  CLIMATE CHANGE EXTREMES -  DROUGHT 
Climate change can impose common threats to all of the above five types of irrigation systems. 
However these threats can be considered under two general headings from a threat of having not 
enough water to a threat from having too much. Looking at the former first as depicted in Figure 4.  

 

FIGURE 4: Climate Change Threat Causing Drought 

 
 

With the potential reduction in water supplies from the effects of climate change there will be 
basically less water available at the headworks of an irrigation system. This reduction could also be 
associated with over abstraction at higher levels in the catchment and/or population pressure 
increases. The worse scenario is that the water supply is so drastically reduced that a drought 
situation arises. To adapt to these treats there is a need to save water for irrigation purposes which 
can be considered under the general headings of storage, improving efficiency of use and reuse of 
water. 

Some of my personal experiences where conservation of water resources has been practiced are 
presented below. 
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5.1 Efficient Use of Water in High Mountain Areas 

 
This irrigation system is in the foothills of the Andes in Venezuela at around 2500m (ASL). Water is 
being abstracted by pipe from a simple intake on a small mountain stream and passed into a butyl 
lined reservoir tank. Water is continuously flowing into the tank and there is an overflow pipe taking 
the water back into the stream. Water is taken from near the bottom of the tank through 
underground pipes to the irrigated fields. Initially, because of the height variation between the tank 
and the fields irrigation was carried out by sprinklers. However because of the high occurrence of 
strong winds the farmers complained about the poor efficiency of water distribution and requested 
to adopt drip irrigation. Therefore a break pressure tank was installed to lower the water pressures 
to make drip irrigation feasible as depicted in the field of young tomatoes shown above.   

 

This irrigation system was totally owned and operated by local farmers who had clubbed together to 
obtain small credit loans to finance the installation of the infrastructure. By sharing the water from 
the reservoir they were able to grow high value cash crops to carry down to the local market which 
in turn facilitated the paying off of the loans. 

5.2 Major Water Storage and Multiuse Systems 

An example of a large scale multi-use water storage facilityis the Ataturk Dam, being one of five built 
along the Euphrates River within Turkey.  
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It is not only used for irrigation purposes but also for hydropower generation of some 2,400MW. 
Water is taken from the impounded reservoir through two 26km long and 7.5m diameter tunnels to 
irrigate some 400,000ha of land in the Sanliufar plain near the Syrian border. This plain was almost 
desert supporting very meagre rain fed crops before the irrigation water arrived. Cotton is now the 
preferred crop.  

 
To minimise water losses the main conveyance system comprises of large lined canals and precast 
canalette channels for secondary distribution. Farmers are issued with plastic pipes according to the 
size of their irrigated area they own, so that they can extract the water they require from the raised 
channels by syphoning into field channels they have constructed.    

5.3 Water Storage and Reuse Systems 

Another form of water storage cum water reuse project is shown below.  

 
This is the Muhuri Irrigation Project in Bangladesh. Water in the Muhuri River is prevented from 
being lost into the Bay of Bengal by a large Regulator Structure built across its mouth as the river 
enters into the sea. In the dry season the regulator gates are closed and the water is impounded on 
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the upstream side in a reservoir. This results in water backing up into the drains that normally feed 
excess water into the adjacent rivers during the monsoon season. There is enough water in these 
drains to enable farmers using low lift pumps to irrigate a winter crop. Bangladesh is particularly 
suited to this because of the flat topography.  

5.4 Improved System for Growing Paddy Rice 

To reduce the water requirements for growing rice in areas where water supplies are limited, the 
adoption of the System for Rice Intensification, known as SRI, has been promoted13.  Based on 
research undertaken in the Philippines SRI involves seedlings being transplanted at a much younger 
age; only single seedlings, instead of a handful of seedlings being planted in each hill; and plants are 
spaced wider apart in a square pattern.  

During the growing season intermittent water applications are applied to create wet and dry soil 
conditions, instead of continuous flood irrigation; rotary weeding is undertaken to control weeds 
and promote soil aeration; and there is an increased use of organic fertilizer to enhance soil fertility. 
The rice plants as a result of this regime develop much stronger root systems which can resist 
drought, water logging and wind damage. Adopting the SRI regime farmers have experienced up to 
100% improvement in yields whilst at the same time reducing water use and production costs. 
However there has been found reluctance in some areas for farmers to fully adopt all the new 
methods, preferring traditional practices especially where water is still abundant. 

  

                                                             
13Source, SRI, 2010 Achieving More with Less, World Bank Institute 
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6  CLIMATE CHANGE EXTREMES -  FLOODING 
Now considering the possible effects of climate change creating a situation where there is too much 
water to cope with at any one time, thereby flooding of irrigation areas becomes the principal 
concern. See Figure 5.  

FIGURE 5: Climate Change Threat Causing Flooding 

 
 

Besides the effects of climate change some of the other main causes of increased runoff in rivers 
could be associated with factors such as deforestation or increasing urban development in the 
upstream catchment areas. Flooding results in damage to irrigation infrastructure or farmers’ fields, 
irrigation water quality being reduced and the inundation of drainage systems. The consequences of 
these actions being that crop yields will be reduced and land made unproductive thereby impacting 
on farmers’ agricultural production. 

Some examples from my experience on how some irrigation systems have embraced the problems 
associated with flooding are given below.   

6.1 Breaching Sections at Canal Intakes 

The traditional offtakes for irrigation systems usually found where water is taken from small streams 
in the hills is as shown below.  
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They are built from local materials be it brushwood, logs or boulders so that water can be diverted in 
an uncontrolled manner into the main conveyance canal. However to protect the canal 
infrastructure when large flows occur the temporary diversion structure across the river will be 
easily destroyed saving the irrigation system from undue damage.  After the flood the diversion can 
be quickly resurrected. 

However in those parts of the world where water only possibly flows in a river once or twice a year a 
different more substantial system is required. So below we have a weir built across a wadi in the 
Yemen. 

 
At this location irrigation water is only available from the river during a spate flood. These weirs have 
to be a large structure as there is a need to maximise on the water taken in a short space of time 
during the flood event. However to counteract the danger of the weir and main canal offtakes being 
overwhelmed and severely damaged by an exceptional flood event the weir contains a breaching 
section as shown of only compacted earth which acts as a fuse to let the flood water pass 
downstream. 

6.2 Sediment Excluders 

Flood events in rivers also bring with them sediment ranging in form from suspended solids to bed 
load. If the suspended solids can be kept in suspense until they reach the field then there is a 
benefit. However all other forms of sediment entering an irrigation system distribution system 
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severely restrict the canals carrying capacity and increases maintenance costs.  Below are shown a 
selection of photos depicting the problem and ways to minimise them.  

 
 

The left hand picture is of an intake to an irrigation system in the Philippines. To reduce sediment 
entering the main canal adjacent to the scouring sluice on the left there is a skimming weir channel, 
profiled so that cleaner water nearer the top of the channel passes over the weir before dropping 
down and through the main canal head regulator to the right. The bed load sediment passes on 
along the skimming weir channel and back into the river downstream. The right hand picture shows 
another Pilipino system where sediment has already entered the main canal completely blocking it 
lower down as the flushing sluice gate was not opened in time. However there is less sediment in 
the canal in the foreground as the flushing sluice has now been opened to remove most of the 
sediment back into the river. 

The two photos below show the massive type of infrastructure works that are required at Wadi 
Mawr in the Yemen in an attempt to remove sediment from spate flood flows before entering a 
main irrigation canal system. 

 
 

On the left an alternative type of skimming weir arrangement is shown which contrasts with that 
shown in the Philippines to remove the bed load sediment and allow the cleaner water to pass over 
the labyrinth weir into the main canal. The bed load being flushed out back into the wadi through 
tunnels beneath the labyrinth weir. On the right this shows how water entering from the main head 
regulators to the left is passed through two large sediment basins, allowing sediment to settle out, 
before cleaner water enters the main canal. These are all very expensive types of structures, but 
essential in a situation where the only source of irrigation water is available once or twice a year 
during a major flash flood event. 
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6.3 Effects of Poor Drainage and Flood Proofing Opportunities 

As regards flooding causing inundation and poor drainage the photos below show the effects on 
poor crop growth and the effects salinization can have on cotton being grown in the GAP area in 
Turkey.  

 
This situation can only be improved by lowering water tables through subsurface drainage systems 
combined with deeper drains.  

Another alternative as is being practised in Bangladesh is to undertake flood proofing. Here the 
photos show boats bringing in sand and silt that had already been deposited in the nearby large river 
systems.  

 
This is then pumped onto low and badly drained areas to raise the land above future flood levels. 
These reclaimed lands, after appropriate remediation measures, can then be brought into use for 
agriculture as well as for residential purposes. 
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7  FUTURE TRENDS AFFECTING IRRIGATION 
In terms of potential investments in irrigation in order to adapt to the future effects of climate 
change, advances in technology will undoubtedly enhance the productive capacity of agriculture and 
most crop yields will continue to increase. However, compared with the last two decades, the food 
supply may become tighter as a result of declining public expenditure on irrigation and agricultural 
research, leading to the increases in world food prices which are already starting to happen. 

However rising incomes, particularly in developed countries, will lead to shifts in food preferences, 
away from grains and toward fruits, vegetables, meat, and dairy products, all of which are higher 
value commodities and require more water and energy inputs. The population will continue to 
urbanize, and agriculture’s share of GDP will fall in most countries.  

Projections of irrigation expansion in developing countries by both the FAO, International Food 
Policy Research Institute, and the International Water Management Institute predict much lower 
rates of expansion of irrigated land over the next 20–30 years. The FAO predicts an average increase 
of 0.6% a year up to 2030 in developing countries, compared with 1.6% a year at the end of the last 
century14. Such projections are systematically lower than those given by most national irrigation 
departments, which generally rely more on past trends than on a careful analysis of demand for 
agricultural outputs. Nevertheless, irrigation’s contribution to total agricultural production is 
expected to exceed 45% by 2030 as yields continue to increase and cropping patterns shift to higher 
value crops. This means the likelihood of from 12%–17% more water being required for irrigation. 

  

                                                             
14 Source FAO 2003, World Agriculture towards 2015/2030: An FAO Perspective 
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8  REASONS FOR CONTINUING TO INVEST IN 

IRRIGATION 
Considering investment in a broad sense, covering capital, institutional, and operational investments 
there are four principal reasons why there should be continued investment in irrigation over the 
next three to five decades15.  These investments are considered to be beneficial to irrigation systems 
even if climate threats do not materialise as anticipated and can be considered as the “low regret 
actions”16 

 
1. There is a need to preserve and modernize the present stock of irrigation infrastructure. 

Different elements have different lifetimes. Large dams may last hundreds of years with 

proper maintenance and attention to safety (unless rapid siltation reduces their lifespan), 

while pumps and other equipment may last only a decade. 

2. Irrigation can be a path out of poverty for the rural poor. Where pockets of rural poverty 

exist within an irrigated agricultural context, intensification and shifts to higher value crops 

will create new employment opportunities, as will value-added post-harvest processing and 

water-dependent off-farm rural employment in handicrafts, livestock raising, and small scale 

industries. Where rural poverty is widespread, other employment options are absent, and 

climate variability affects production, as in parts of Sub-Saharan Africa, improvements to soil 

moisture control, along with complementary investments in rural infrastructure (such as 

roads and stronger local institutions), provides new farming opportunities. However the 

extent to which irrigation contributes to poverty alleviation remains a contentious issue, 

with alternative vigorous arguments about the best way to address rural poverty. 

3. There is a need to adapt to changing food preferences and changing social priorities. Most of 

the increased production of staple crops in the coming decades will come from 

intensification in existing irrigated areas, with higher yields per unit of water and land and 

higher cropping intensities. This implies investment in modernizing equipment and in 

improved water control. Irrigated basic food grain production will remain a priority in some 

countries. Rising incomes and growing urbanization in many developing countries are 

shifting demand from staple crops to fruits, vegetables, and “luxury” goods such as wine, as 

in China, for example. These shifts are typically associated with investment in supply 

reliability and precision water application, but—more importantly for farmers—they also 

raise yields and improve product quality. Other shifts, such as increased meat and milk 

demand, also require increased grain production. Increased global trade also opens 

developed country markets to these commodities.  

4. Rapidly expanding urban populations and industrialization will increase the demand for both 

surface water and groundwater. Changing social values that emphasize natural ecosystem 

protection will increase water allocations to the environment. In many cases these 

competing uses will take water directly away from agriculture, requiring compensating 

investment in new supplies or increased water productivity. Reusing urban and industrial 

wastewater in agriculture will require new investment in water treatment and conveyance. 

                                                             
15 Source IWMI 2007, Reinventing Irrigation 
16 Source World Bank 2010, Economics of Adaptation to Climate Change: Synthesis Report 
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9  TECHNOLGY ADVANCEMENTS TO ENSURE 

RESILENCE TO CLIMATE CHANGE 
There is a requirement to examine how can irrigation systems can best cope with the threats from 
climate change through what technological improvements can be undertaken, at what level, and the 
affect they will have on the irrigation systems. Better technologies do not necessarily mean new, 
expensive, or sophisticated options, but ones that are appropriate to the agricultural needs and 
demands, the managerial capacity of system managers and farmers, and the financial and economic 
capacity needed to ensure proper operation and maintenance17. This implies that there should be 
better design and integration of technologies, management, and institutional arrangements. 

Technological innovation will continue to be developed in broadly two categories: 

 At the irrigation system level involving mechanisms for water level, flow control, and storage 

management within both large and medium scale surface irrigation systems. 

 At the on farm level where improved practices in the storage, reuse, manual and mechanical 

water lifting, and the adoption of precision application technologies such as overhead sprinkler 

and localized irrigation will be taken up.  

 

As farms consolidate, particularly in larger more formal systems, increasing mechanization will 
require greater attention to land forming and farm layout. In Africa and South America the emerging 
pattern of development and adoption of low-cost, micro irrigation technologies will likely continue 
and strengthen. 

Many of these technologies however already exist, particularly the hardware. Where the change will 
be most pronounced is in the soft technology side of development such as electronics, 
communication systems, computers, and instrumentation. This is helped by these technologies 
becoming cheaper, more reliable, more accessible, and more available throughout the developing 
world. Automation for monitoring and control (including supervisory control and data acquisition in 
formal canal systems) and measurement (of groundwater levels, canal discharges, and even on-farm 
and water-course deliveries) will become more widespread. Over time this technology will be 
adopted in smaller informal systems and in groundwater irrigation, as well as more quickly by more 
commercially oriented growers at all scales. 

Satisfying real-time demand more quickly and improving flexibility in formal canal systems will be 
achieved largely by further expansion of conjunctive use of groundwater and assisted by better canal 
management, mostly likely through intermediate service options such as “arranged demand.” 
Software for managing lower system level demands will become more commonplace. 

Some irrigation systems may continue with simple infrastructure and management systems, where 
they are well understood and appropriate to cropping patterns and user needs. Where water 
remains abundant the incentives may well be confined to continuing with minimal technology 
development.  

Because water is generally regarded as a public good, there is a duty by Governments to sustain its 
availability and quality. Users often enjoy the benefits of water use while passing on environmental 
and social costs to others, leading to problems of equity, groundwater mining, pollution of drainage 

                                                             
17 Source IWMI 2007, Water for Food Water for Life 
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water, poor health of farm workers, and contamination of consumer products. Moreover, water will 
increasingly become a commodity, quantified and governed by agreements among users and 
between public authorities and users. Government policies will play important roles in sanctioning 
and regulating these agreements. 

Integrated management of water resources at the basin level will be an important task involving 
government, users, and other stakeholders. Although dedicated river basin management agencies 
are often proposed as a key solution, well-orchestrated institutional development between existing 
agencies can be just as effective. Basin management entities will often be cross-sectorial and 
multidisciplinary, with a governing body that includes representatives from agriculture, municipal 
authorities, industry, and the environment, along with significant civil society representation from 
consumers and producers. 

Governments will need to improve conflict management skills and mechanisms to deal with 
increasing competition for water. Trans boundary water management will become more important 
with growing water scarcity, and governments will need to maintain dialogue and negotiation on 
trans boundary water allocation. 
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10  ENVIRONMENTAL IMPACTS MITIGATION 
Adaptation responses for irrigation to climate change will also have environmental impacts that will 
have to be mitigated against. Many of irrigation’s negative environmental effects arise from 
withdrawal, storage, and diversion from natural aquatic ecosystems and the resultant changes to the 
natural pattern and timing of hydrological flows. Rivers have in many instances become 
disconnected from their floodplains and from downstream estuaries and wetlands, resulting in 
sometimes the total and irreversible loss of wetland. The routes and systems of infrastructure for 
water transfer and storage have also led to the introduction and proliferation of invasive species, 
such as aquatic weeds, in both water management systems and natural wetlands. 

Wetland water quality often deteriorates, particularly in areas under high intensity irrigation. 
Nutrient loading, primarily from fertilizers such as nitrogen and phosphorus that are applied to 
irrigated and rain fed areas is one of the most important drivers of ecosystem change, resulting in 
eutrophication, hypoxia, and algal blooms18. Total pesticide use is still increasing, and though many 
of the more persistent chemicals used in irrigated agriculture are being phased out and replaced by 
ones with less environmental impact, this is not necessarily the case in developing countries. 

The extent to which irrigation induces waterlogging and salinization is estimated at 10% of the total 
irrigated area worldwide. In large river basins in arid regions the picture is much more severe, with 
increasing salinity accumulations in drainage water and the consequent salinization of the land and 
rivers. Salinization causes the loss of natural vegetation, reduces crop yields, and leaves drinking 
water unfit for human and animal consumption. Drainage is systematically neglected until salinity 
problems are manifest, because of the additional capital cost it incurs. If drainage is constructed 
early, the likelihood of accumulating salts is much lower and the loads disposed in natural streams 
and rivers are smaller. Adapting farming systems through the use of salt-tolerant varieties may 
provide short-term respite for producers but is likely to increase the negative environmental impacts 
in the long run. 

Developing countries with significant irrigation have paid relatively little attention to safeguarding 
flows for the environment, but this is changing rapidly, with more countries embedding 
environmental flow principles in policy and legislation (for example, the South African National 
Water Act and the Mekong Agreement) and undertaking local assessments of environmental water 
needs in basins19. The scope and expertise now exist to reallocate water in major rivers to restore 
downstream ecosystems, including highly productive riverine floodplains. Water management 
techniques can create substantial flexibility in how infrastructure is operated, opening possibilities to 
restore lost ecological functions and processes. In particular, changing the operating rules for dams 
can improve environmental performance while allowing continuing provision of water, power, and 
flood control. 

Most investments aiming primarily at increasing water-use efficiency (in particular through canal 
lining) result in little real water savings, especially when there is little degradation in water quality. 
Large surface irrigation systems circulate massive volumes of water through canals and drains. 
Because a substantial portion of these flows is recaptured downstream, water-saving technologies 
on farms upstream may make only minor contributions to savings considered on a larger scale, such 

                                                             
18 Source Water Resources Institute, 2005, MEA, Ecosystem and Human Wellbeing, Wetlands and Water 
Synthesis 
19Source Tharme 2003, A Global Perspective on Environmental Flow Assessment 
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as at the irrigation system or river basin level20. This is most evident where irrigation efficiencies are 
low in a fully allocated basin, such as the Yellow River in China, and there is little outflow to the sea. 

For the Nile River in Egypt conveyance and field application efficiencies are low, but about 75%–87% 
of the water withdrawn from the Nile is ultimately evaporated by irrigation. In some situations 
reducing percolation from irrigated fields can lower groundwater tables and reduce the water 
available to crops from below, while increasing the cost of pumping for reuse downstream. So when 
planning programs to conserve water in irrigated agriculture, it is vital to have a full understanding 
of the regional hydrology to avoid expensive solutions that simply move water from one location to 
another within the irrigation system. 

Nevertheless, the concept of water-use efficiency is site-, scale- and purpose-specific21. Efficiencies 
matter locally, in terms of irrigation design, for satisfactory operation and monitoring of existing 
systems, equitable access to water within the irrigation schemes, energy saving, and control of 
waterlogging and salinization. 

  

                                                             
20Source Seckler, Molden&Sakthivadivel, 2003, The Concept of Efficiency in Water Resources Management and 
Policy 
21Source Lankford 2006, Localising Irrigation Efficiency. 
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11  INSTITUTIONAL REFORM IMPACTS 
The developments of institutional reforms aimed at improving public irrigation management have 
been undertaken in more than 50 countries, under the titles of Irrigation Management Transfer or 
Participatory Irrigation Management. The main thrust of these initiatives being to withdraw 
government from management responsibilities and devolve these to lower levels, including water 
user associations. Positive outcomes have been reported in Armenia, Australia, China, Colombia, 
Malaysia, Mexico, Peru, and Turkey, where reforms have improved maintenance standards of 
irrigation infrastructure22. Ideally the transfer of costs from government to farmers is to improve 
maintenance, equity, yields, and income. But the nature and degree of success has not been as 
expected, and there are many cases of wholesale non-performance in irrigation management  

In addition, there are several cases of significant failure of large-scale irrigation schemes for reasons 
varying from over commitment of water resources to poor design and construction, to lack of 
market, labour, managerial skills, or financial resources for operations and maintenance. In Sub-
Saharan Africa, for instance, about 18% of land under irrigation is not used, and many Asian 
countries have large amounts of unused irrigable land. For example my most recent project 
assignment in Bangladesh involved the rehabilitation of the Manu Irrigation Project. This was a 
20,000 ha scheme completed in 1983 of which only 55% is presently irrigated mainly due to 
absentee landlords and poorly maintained drainage facilities. 

Indeed, investment in irrigation has not always been driven by the need to increase food supply or 
to stabilize production. Hidden political agendas, corruption and land tenure issues have also 
considerably influenced investment decisions. In other places large public irrigation schemes are 
being constructed to lay claim to trans boundary water even when rivers are already 
overcommitted.  

In the context of irrigation management transfer, public-private partnership and the scope for 
professional “third-parties” between farmers and government are receiving increasing attention23. In 
Chile, China, Iran, and Viet Nam experiments are being conducted where farmers contract private or 
semiprivate companies to provide irrigation services. In China legally established water user 
associations establish operating franchises with public water bureaus. 

But many attempts to privatize water services have failed, particularly where subsistence level 
cropping is involved, and the extent to which such a model can be widely promoted remains highly 
controversial. To be viable, private water services must be based on reliable and measurable 
provision of service and include a reliable source of funding. Also needed are adequate regulations 
to secure payment for the irrigation water supplied and dispute settlement mechanisms and training 
for water user associations and local service providers. 

Most reforms have been based on the assumption that greater user participation will result in 
improved responsiveness and performance and that users will be increasingly interested in the 
management of their irrigation service as the state retreats from providing and financing its 
provision. However, much still has to be learned about how to do this effectively in practice without 
resorting to simplistic and prescriptive “magic bullets” that have been prevalent in the past. 

 

                                                             
22Source, P Mollinga& A Bolding, 2004, The politics of Irrigation Reform, Contested Policy Formulation and 
Implementation in Asia, Africa and Latin America  
23Source Tardien and Others 2005, World Bank Seminar, PPP in Irrigation and Drainage Need for a Professional 
Third Party between Farmers and Government 
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12  KEY LESSONS FOR ADAPTATION IN NEPAL 
To highlight how the trends, drivers and lessons learnt from this international experience review can 
be pertinent to the situation in Nepal, adaptation ideas are presented considering the two main 
types of irrigation systems to be found in Nepal.Until the 1970’s irrigation in Nepal was restricted to 
mainly small farmer managed systems. However, as in other parts of the world at that time, 
international donors supported the development of several large public irrigation systems in the 
terai, which included the Sunsari Morang,Bagmati,Mahakali and BhairahawaLumbinigroundwater 
projects.  

Big investments inirrigation infrastructure for these projects were required to cater for diversion of 
water from the large perennial rivers entering the terai from the hills and at the same time 
tomitigate against damage from sedimentation and flood flows. These projects should have enabled 
Nepal to make better use of its abundant water resources by providing, particularly outside the 
monsoon season, secure irrigationto some 43% of its total cultivable land located within the terai 
areas24. However Government’s lack of investment in operation and maintenance, farmer’s apathy 
in forming water user associations and payingthe irrigation service fees, and weak agricultural 
extension services have resulted in the returns fromirrigated agriculture within these projects being 
less than intended. 

Whilst these issues have to be addressed first through better government policy initiatives, 
improved institutional frameworks and technical assistance, the threats from climate change also 
need to be borne in mind. Adaptation measures to be consideredfor mainstreamingclimate change 
in these terai irrigation systems include: 

 more sustainable agricultural techniques that are less water intensive,  

 more innovate ways to operate maintain and rehabilitate the water distribution infrastructure, 

 development of upstream multi-use storage systemsfor water,  

 use of inter-basin transfer options,  

 conjunctive use of surface and groundwater sources,  

 devolving responsibilities to the farmers for system O&M throughencouraging participatory 

irrigation management 

Regarding the more traditional irrigation systems in the middle hills and mountain areas their 
infrastructure and system operations already take account the extreme topography in these areas, 
but they are still not immune from the effects of large floods, landslides or drought.  However 
because of the stronger institutional set up within the majority of these systems there is apotential 
for greater resilience to coping with these problems. On the other hand the threats from climate 
change in these hilly and mountainous areas could be considered to be more acute due to the 
potential for higher temperatures, adjustment to monsoon timing and rainfall intensities, and 
changing river flow patterns.Someadditional adaptation measures to be promoted to take on board 
these threats include: 

 expansion of rainwater harvesting and soil and water conservation techniques, 

 adjustment of crop planting dates and promoting greater cropping intensities,  

 crop diversification into vegetable cash crops, particularly where access roads to markets within 

the hills have been opened up, 

 better land management to reduce soil erosion risks, 

                                                             
24Source  World Bank 2009, Nepal: Priorities for Agriculture and Rural Development 
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 more efficient use of water through small scale storage systems and drip irrigation, 

 the continued development of other non-conventional irrigation technologies 
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13  CONCLUSIONS 
Some concluding thoughts are as follows25: 

 Irrigation will continue to be the largest single user of water globally in the foreseeable future, 

and will play a key role in securing future food supply. 

 Water scarcity is a fast-growing problem while wasteful use of water continues due to poor 

policy, mismanagement, and wrong incentives. 

 Opportunities exist to improve irrigation and food production, but usually require a holistic 

approach by combining bio- and irrigation- technologies with apt management and policies. 

 Climate change can be a threat-multiplier and can considerably affect global water and food 

systems, with broad socioeconomic implications. However sustainable economic growth in 

agricultural production by continuing with on-going “low regret actions” can be a powerful form 

of climate change adaptation within the irrigation sector. 

 Highlighting Nepal in particular, the country suffers at present from fundamental failures of 

governance and institutional effectiveness, which the irrigation sector is not immune from. 

Unless these constraints are overcome it may be found difficult to carry out any realistic 

andspecific developments to account for longer term impacts of climate change.  

                                                             
25 Source, 2012, ICID Seminar, Global Irrigation Futures and Implications for Water and Food Security 
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