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FOREWORD  
Irrigation plays an important role in global food security, helping to produc e 40 percent of crops 

worldwide on just  20 percent of the worldôs cultivated area. It is also the major single water user 

globally, accounting for about 7 0 percent of water abstracted from surface and groundwater 

resources, and faces a number of challenges , mainly linked to its dependence on water as a key 

re source. The expansion of irrigated areas  and  the shift towards more water  intensive foods , 

coupled with  growing water demand by other sectors make water an increasingly scarce resource  

in many regions  of the world . Scarcity and competition for water are ex pected to be exacerbated by 

climate change, as rainfall amounts are projected to decline , particularly in dry areas , and rising  

temperatures will increase  crop evapo transpiration rates and hence water demand by irrigation. At 

the same time, irrigation cont ributes to climate change, for example through greenhouse gas  

(GHG)  emissions from fossil fuel  powered water pumping , intensive use of mineral fertilizers , and 

the fossil  fuel  powered machinery and automation used  at all stages , from the cultivation of cro ps 

through to the final phase of value chains . 

A holistic and coordinated approach is ne eded  to address these interlinked challenges and support 

the transition to irrigation systems that are productive and profitable while , at the same time, 

being  resilien t and well  adapted to climate change, minimiz ing  GHG emissions and ensur ing  the 

sustainable use of water resources. Such a shift  will also support progress towards  several 

interlinked goals on the 2030 Agenda for Sustainable Development, in particular Sust ainable 

Development Goal (SDG) 6 :  Ensure availability and sustainable management of water and 

sanitation for all ;  SDG 2 : End hunger, achieve food security and improved nutrition and promote 

sustainable agriculture ;  and SDG 13 : Take urgent action to combat climate change and its impacts.  

The Compendium on Climate -Smart Irrigation proposes such a holistic and integrated approach , 

building on the three pillars of climate -smart agriculture (CSA), namely (i) Sustainably increasing 

agricultural productivity and i ncomes ;  (ii) Adapting and building resilience to climate change ; and  

(iii) Reducing and/or removing GHG emissions, where possible. The compendium provides a 

comprehensive overview of the challenges and issues for sustainable irrigation development, both 

re lated and un related to climate change. It discusses the options and opportunities for each CSA 

pillar, identifies potential synergies and trade -offs between the different objectives of CSA , and 

under scores  the importance of inclusive processes engaging sta keholders across different sectors 

and institutional levels.  

I hope that the Compendium on Climate -Smart Irrigation will stimulate dialogue and significant 

progress towards the identification and implementation of sustainable solutions for the irrigation 

sector , which  safeguard its fundamental role for food security while responding effectively to the 

challenges of climate change. Coordination and alignment between agriculture, climate change, 

water, energy and other sectors will be  crucial  for the design  of  sound and inclusive policies , as well 

as regulatory frameworks to support the adoption of climate -smart irrigation practices by farmers , 

and ensure the sustainable and equitable use of water resources in the long  term.  

 
René Castro -Salazar  

Assistant Di rector -General  

Climate, Biodiversity, Land and Water Department  

Food and Agriculture Organization of the United Nations  
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PREFACE  
The idea for the Compendium on Climate -Smart Irrigation (CSI Compendium) was born from a 

global survey among agricultural development practi tioners conducted by the Food and Agriculture 

Organization of the United Nations ( FAO)  and the CGIAR Research Program on Climate Change, 

Agriculture and Food Security (CCAFS) in 2014 . This  survey  identified water resources 

management as one of the priority  areas for the development of knowledge products on climate -

smart agriculture. FAOôs Climate -Smart Agriculture Sourcebook (2013 and 2017) provides an 

overview of water management for CSA. Since  the  irrigation  sector  is the biggest water user within 

agricul ture and , therefore,  a central player  in the management of water resources, we decided to 

focus on irrigation and assess in more detail the specific challenges and options for a climate -smart 

approach to this subsector.  

Rather than giving climate change th e high priority  it deserves , irrigation sector policy -makers, 

professionals and practitioners continue to focus their energies on responding to more immediate 

challenges (e.g. irrigation schemes that are underperforming). This does not mean that they are i n 

denial of the scientific evidence or the potential hazards and risks posed by climate change. 

Similarly , it does not mean that they are failing to recogni ze the imperatives for taking urgent 

action and/or modifying existing policies and practices. Instea d, the relatively slow response can be 

attributed to the fact that responding to the climate challenge is far from easy for most people 

involved in the sector. Or to put  it  another way, they can only change their practices if and when 

there is political an d public support for institutional reforms and relevant shifts in irrigation policies 

and practices. In addition, they can only change their practices if they are confident that new  

practices will generate a reliable and sustainable return on investments. The motivation behind this 

compendium is: to argue the case for irrigation policies and practices that are climate -smart; to 

raise awareness of what can be done to make irrigation policies and practices climate -smart; and 

to provide practical guidance and recommendations that are well referenced and, wherever 

possible, based on lessons learned from practical action.  

The CSI Compendium develops the concept of climate -smart irrigation (CSI) as an integral part of 

CSA and intends to complement the existing lit erature and guidance on CSA published by the 

Global Alliance for Climate -Smart Agriculture (GACSA) , FAO, CCAFS, the World Bank, Cornell 

University, and others. In the first section , the compendium presents the objectives of CSI , as  

derived from the three p illars of CSA, and  put s CSI in context with ógood irrigation practice ô (see 

diagram below). This is followed by a brief overview of tendencies in the expansion of global 

irrigated area , and a summary of challenges faced by  irrigated agriculture , both relat ed and 

unrelated to climate change. The second section  focuses in more detail on the specific implications 

of climate change for irrigation. The third section  is structured according to the three CSA pillars. 

Each of the subsections provides an introductio n to the objectives, concepts and approach of CSI 

related to the respective CSA pillar, followed by a discussion of the key instruments, methods, tools 

and practices , as relevant at three different spatial scales ï and institutional levels:  

Á River basin sca le ï national institutional level;  

Á Irrigation scheme scale ï district or intermediate institutional level;  

Á Field or farm scale ï local institutional level.  

The order of scales, starting from the largest, highlights  the need to consider impacts of irrigatio n 

activities at a local scale on other water uses and users, including environmental flows, at larger 

scales, such as that of the irrigation scheme  or river basin. The fourth and last section  of the CSI 

Compendium presents case studies that illustrate sele cted issues discussed in the preceding 

chapters.  
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Diagram: Structure of the Compendium on Climate -Smart Irrigation  

Under each CSI pillar some key words and highlights of the discussion are included for the respective spatial 

scale.  
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CH4  Methane  

CO2  Carbon dioxide  

CSA  Climate -smart agriculture  

CSI   Climate -smart irrigation  

EIT   Economies in transition  

EPA  United States Environment al Protection Agency  

FAO  Food and Agriculture Organization of the United Nations  

FL Field level  

GCM General circulation model  

GFA  Global Framework for Action to cope with water scarcity in agriculture in Οthe context 
of climate change  

GHG  Greenhouse gas 

GIS   Geographic information system  

GWA Gender and Water Alliance  

HKH  Hindu Kush Himalaya  

ICID   International Commission for Irrigation and Drainage  

ICIMOD  International Centre for Integrated Mountain Deve lopment  

IFES  Integrated Food -Energy Systems  

IIASA  International Institute for Applied Systems Analysis  

IPCC  Intergovernmental Panel on Climate Change  

IRWR   Internal renewable water resources  

IS  Irrigation scheme  

IWMI  International Water Management Insti tute  

IWRM   Integrated Water Resources Management  

IRRI  International Rice Research Institute  

Kc  Crop  coefficient for estimating evapotranspiration  

LOS  Level of service  

MASSCOTE Mapping System and Services for Canal Operation Techniques  

MASSMUS Multiple us es of water services in large irrigation systems  

MOOC  Massive Open Online Course  

N2O  Nitrous oxide  
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NAP  National Adaptation Plan  

NAPA  National Action Plan for Adaptation  

NAS  National Adaptation Strategy  

NDVI  Normalized Difference Vegetation Index  

NENA  Near East and North Africa  

NGO  Non -governmental organi zation  

O&M  Operation and main tenance  

OECD  Organisation for Economic Co -operation and Development  

PEA  Political economy analysis  

PES  Payments for environmental services  

PDIA   Problem -Driven Iterat ive Adaptation  

R&D  Research & developme nt  

RAMSAR Convention on Wetlands of International Importance especially as Waterfowl Habitat  

RI  Regulatory instruments  

RDI   Regulated deficit irrigation  

RCP  Representative concentration pathways  

RMV  Resilient Mount ain Villages  

SDA  Services delivery approach  

SDG  Sustainable Development Goal  

SI   Sustainable intensification (Elsewhere SI also refers to supplemental irrigation)  

SLM  Sustainable land management  

SOLAW FAOôs State of Land and Water Resources  

SPIS   Solar -powered irrigation systems  

SSA Sub -Saharan Africa  

UAV  Unmanned aerial vehicle  

UGB  Upper Guardiana Basin (Central Spain)  

UNESCO United Nations Educational, Scientific and Cultural Organization  

ULRP Urmia Lake Restoration Program  

VDC Village development committee  

VRI   Variable rate irrigation  

WA&A   Water accounting and auditing  

WaPOR FAO portal for monitoring water productivity estimated from remotely sensed data  

WFD Wetting front detector  

WP  Water productivity  

WWF World Wide Fund for Nature  
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EXECUTIVE 

SUMMARY  

Climate - smart irrigation aims and 
objectives  
Climate -smart irrigation (CSI) is an important 

integral component of climate -smart 

agriculture.  The aims and objectives of CSI 

include:  

Á Increas ing  the productivity of irrigated 

cropping systems and income s derived by 

farmers in ways that minimi ze risks of 

trade -offs or externalities that may be 

politically, socially or environmentally 

unacceptable . 

Á Closing  the gap  between  potential crop 

yields  and actual crop yields  achieved by 

farmers in different agrocli matic contexts .  

Á Increas ing  the resilience of irrigated 

cropping systems and related value chains 

to current and potential future climate 

change impacts and other sources of 

immediate and longer - term risk and 

uncertainty . 

Á Adapt ing  irrigated cropping systems  and 

related value chains to anticipated climate 

change in ways that take advantage of new 

opportunities  that may arise as a result of 

climate change , and reduce its direct or 

indirect negative impacts . 

Á Reduc ing  greenhouse gas emissions for 

each calorie or  kilo of food, fibre and fuel 

that is produced by irrigated cropping 

systems up to and beyond the farm  gate . 

Á Identify ing  and prioriti zing  opportunities for 

reducing GHG emissions from irrigated 

cropping systems at different scales , from 

accessing sources o f water through to 

growing crops, post -harvest operations and 

the final phase of value chains . 

Á Improv ing  the environmental sustainability 

of irrigated cropping syst ems and value 

chains while safeguarding the basi c human 

water requirements o f rural and urba n water 

users; the livelihoods of women, children 

and poor or marginal social groups; and the 

functionality of aquatic ecosystems.  

CSI context  
There is increasing evidence that climate 

change is impacting regional and seasonal 

rainfall patterns, and the fr equency and 

severity of extreme weather events. This has 

major implications for farmers who are already 

using irrigation , as well as  farmers who hope to 

adopt irrigation as part of their clima te change 

adaptation strategy.  

While climate change predictions are subject to 

uncertainty, the expectation is that annual 

rainfall will increase in the tropics and higher 

latitudes but decrease in the already dry arid to 

semi -arid mid - latitudes , and in the interior of 

large continents. As a consequence, it is 

expected  that water  scarce areas of the world 

will become drier and hotter.  

Climate change is not taking place in the 

context of pristine watershed s or river basins.  

Rather , the norm is that climate change is 

impacting watersheds and river basins that 

have already  experienced centuries of 

development, land use change and degradation 

or depletion of environmental resources. In 

many of these watersheds and basins , 

consumptive water use is already outstripping 

sustainable supply.  

Irrigation underpins food supplies in many 

countries that have large and/or rapidly 

increasing populations, for example China, 

India, Indonesia  and Pakistan . However, in 

recent years, there are signs of a dec line  in 

expansion of irrigated areas for reasons that 

include the unsustainable consum ptive use of 

water by irrigation. In these countries, the 

scope for increasing the area equipped for 

irrigation may be limited , and focus should be 

on improving water productivity . 

The CSI context and focus can also be 

differentiated  and determined  by the magnitude 

of the yield gap between actual and potential 

crop yields. In countries or regions that are 

characteri zed by low - input farming and wide 

yield gaps, the focus of CSI is likely to be on 

sustainable intensification of crop production 

systems. In cou ntries or regions that are 

characteri zed by relatively intensified farming 

and relatively narrow yield gaps , some further 

yield gap closure may still be possible , but 

increases in potential yields are needed if 

production is to be increased substantially. In 

such cases , the focus of CSI is likely to be on  
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improving the sustainability and reducing the 

GHG emissions of  existing  crop production 

systems.  

CSI r ationale  
Irrigation plays a major role in stabili zing 

agricultural production by supplementing 

rainfal l and retained soil moisture during 

occasional or prolonged dry spells, and 

extending cropping into dry seasons an d into 

arid and semi -arid areas . In most regions, 

scope exists for improving the performance of 

existing irrigation systems or schemes , and fo r 

improving the design and implementation of 

new irrigation systems or schemes by adopting 

CSI principles.  

Irrigation hardware (i.e. infrastructure) that is 

well designed, constructed, operated and 

maintained is an important and necessary part 

of CSI strat egies and practices aimed at 

increasing the productivity of irrigated cropping 

systems and the incomes of farmers , without 

having a negative impact on the environment  or 

other water users . Similarly , irrigation hardware 

is often a necessary component  of su ccessful 

climate change adaptation and mitigation. 

However, good irrigation hardware alone is 

rarely sufficient to achieve desired outcomes. 

Irri gation software is also needed, e.g. poli cies, 

institutions, water governance  and 

management, land and water te nure, farmer 

know -how, markets and access to credit . Or to 

put it another way, effective adaptation and 

mitigation is as much about irrigation software 

as it is about irrigation hardware.  

Climate change is best conceptuali zed as a 

cascade of risks from dir ect or indirect impacts 

(e.g. on  water sources  for irrigation , irrigation  

related infrastructure, and irrigated cropping 

systems) , through to socio -economic an d 

environmental impacts (e.g. on  value chains, 

livelihoods and environmental flows). 

Understandin g this cascade of risks, as well as 

the vulnerabilities to the m , is fundamental to 

effective climate change adaptation and 

mitigation.  

CSI is not a set of óone size fits all ô practices 

that can be universally a pplied . Rather , it 

consists  of irrigation hard ware and software  

that is embedded in local contexts, policies, 

institutions and practices . Good irrigation 

practices , in particular,  are an essential element 

of CSI and are typica lly founded on the 

accumulation of  knowledge, know -how and 

lessons learned often over a long period of 

time.  

Evidence  informed planning is also fundamental 

to good irrigation practice. Planners and/or 

farm ers should have a good understanding  of 

the comparative advantages, limitations and 

suitability of different irrigation methods . They 

should also be aware that the performance of 

irrigation schemes is just as much a function of 

the farmer and irrigation scheduling procedures 

as of the irrigation methods o r equipment that 

are  used. When planning and implementing 

irrigation schemes it is important to note that 

farmers, planners, ecologists, politicians and 

the general public often ha ve  different or even 

contradictory perspectives and views on what 

constitutes good irrigation practice.  

CSI approach  
As a general rule, it is recommende d that CSI 

projects and programmes focus initially on 

improving the performance, productivity and 

profitability of existing irrigated crop production 

systems. This entry point is recommended in 

part because improved productivity and 

profitability generate stakeholder interest and 

buy - in , and in part because irrigation systems 

where  farmers have adopted good irrigation 

practices tend to be more resilient to climate 

change than systems that , for one reason or 

another,  are underperforming. There is also a 

sign ificant risk that investment in CSI 

adaptation and/or mitigation will be ineffective 

if farmers are lacking in, for example, crop 

husbandry and water management know -how , 

and/or irrigation  systems are not performing 

well because sources of water are, for e xample, 

being overexploited or systems are not well 

maintained.  

The intended outcomes of this first phase of the 

CSI approach include: 1) Irrigation systems and 

practices in a specified area that are productive, 

profitable, sustainable and non -polluting; 2 ) 

Farmers who  are competent, capacitated and 

financially  secure; and 3) S afeguards are in 

place that protect environmental flows, ensure 

that poor and marginal social groups have 

equitable access to water, and that gender 

issues are taken into account.  

In the second phase of the CSI approach, 

adaption and mitigation strategies build on 

good irrigation practices by: identifying and 
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evaluating additional opportunities for reducing 

exposure to climate change; improving the 

resilience of irrigated crop producti on systems; 

and reducing GHG emissions per unit of 

product. Typically , CSI adaptation strategies 

are developed in parallel with mitigation 

strategies , with the aim of identifying and 

maximi zing potential synergies and minimi zing 

potential t rade -offs.  

CSI a daptation should be perceived as a 

continuum of approaches, including : 1) 

Activities that aim to addres s underlying causes 

of vulnerability; 2) M easures explicitly targeting 

climate change impacts; and 3) E fforts to 

improve resilience at landholding, irrig ation 

scheme and river basin scales. Typically , 

adaptation strategies aim to: 1) Make effective 

and efficient use of rainfall, for example by 

adjusting cropping seasons and taking 

advantage of seasonal weather forecasting ;  2) 

Increase  water availability fo r irrigated crop 

production; 3) Improve efficiency and 

productivity of irrigated cropping systems; and 

4) Improve the resilience of irrigated cropping 

systems and value chains.  

It is anticipated that changes in rainfall 

amounts and patterns will have a ma jor impact 

on the availability and accessibility of surface 

and groundwater resources for irrigation. 

However, projections of these changes under 

different climate change scenarios are relatively 

uncertain , compared with  changes in 

temperature , especially at local scales. In this 

context , no-  and low - regret measures that have 

the potential to deliver benefits regardless of 

future rainfall trends are in many cases likely to 

be preferable CSI adaptation options.  

CSI mitigation strategies involve, for example:  

1) Reducing the use of non - renewable energy, 

e.g. used to pump,  treat and distribute 

irrigation  water; 2)  Applying organic and 

inorganic fertili zers in ways that minimi ze GHG 

emissions ;  3) Managing soils, cropping systems 

and irrigation regimes with a vie w to 

maximi zing the potential of soils to act as 

carbon sinks; and,  4) Recogni zing that, at basin 

scale, intensification of irrigated cropping may 

be justified and offset, for example, by 

reductions in rates of land use change from 

forestry or rangeland to  rainfed or irrigated 

agriculture.  

GHG emissions occur at all stages of an 

irrigated crop production system , from the 

source of irrigation water through to the 

cultivation of crops and to the end of value 

chains. It is also notable that GHG emissions 

are o ften e xacerbated  by, for example, 

unsustainable water resource use, poor farming 

practices and post -harvest crop losses up to 

and beyond the farm  gate. A key point is that 

the main causes and magnitude  of GH G 

emissions should be identified , quantified and 

mapped (in space and  time) when developing 

CSI mitigation strategies.  

CSI challenges  
Imp lementing the CSI approach may prompt 

stern resistance from some stak eholders who 

are happy with their irrigated cropping system , 

would prefer not to take the risk of c hanging 

their irrigated cropping system , and/or, are yet 

to be convinced by arguments that the 

irrigation sector should take climate change 

seriously . This can be pre -empted to some 

extent by developing and implementing a 

targeted awareness - raising strateg y and 

government programmes that provide financial 

or fiscal incentives.  

Another challenge is that many farmers have 

limited or no interest in using water more 

efficiently or productively. For e xample, farmers 

located in a water scarce region may not 

exper ience water scarcity because : 1) T heir 

landholdings are located near a canal offtake 

(rather than at the tail en d) ;  or 2) T hey have 

access to a high -yielding well.  

A major challenge for CSI is that improvements 

in irrigation practices at field scale often 

translate into net increases in total consumptive 

water use at irrigation system or river basin 

scales. The underlying cause is that  the  more 

produ ctive and profitable an irrigated cropping 

system is, the more farmer s want and are able 

to upscale or intens ify this system . In such 

cases, it is important to pay  attention to options 

for managing and regulating inter sectoral 

demand for water.  

A powerful narrative, associating low efficiency 

in irrigation systems with a low level of water 

charges (or tariffs), h as widely promoted the 

idea that raising water charges lead s to major 

improvements in irrigation efficiency and water 

productivity. This narrative draws on evidence 

from the urban water supply and energy 
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sectors , but can be highly misleading when 

extended to irrigated agriculture . 

Another popular narrative is that improvements 

in irrigation efficiency save and free up water 

for other uses and users. The evidence from  

research and hydrometric monitoring  shows 

that this is not always the case.  

CSI monitoring and evaluation  
On the basis that ñWe canôt manage what we 

donôt measureò, CSI projects and programmes 

require robust monitoring systems that provide 

reliable information on the benefits and trade -

offs of CSI across  a range of different contexts 

and spatia l and temporal scales. It is 

recommended that these systems  take 

advantage of recent advances in the design and 

functionality of environmental sensors, cyber -

technologies and informatics. It is  also  

recommended that GHG accounting an d water 

accounting/audi ting are used in tandem as an 

integral part of CSI  related mo nitoring and 

evaluation systems that: 1) Inform decision -

making at different levels; 2) Underpin lesson 

learning and iterative improvements to CSI 

adaptation and mitigation strategies; and 3) 

Provide a sound basis for dialogue with other 

sectors that also consume water or influence 

water quality or availability (in space and time).  
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1.  I NTRODUCTION  

1.1  Brief introduction to 

climate -smart agriculture  

1.1.1  What is climate -smart 

agriculture?  

Climate -smart agric ulture (CSA) is often 

defined as ñagriculture that sustainably 

increases productivity, enhances resilience 

(adaptation), reduces o r  removes greenhouse 

gases where possible and enhances 

achievement of national food security and 

development goalsò (FAO, 2013 a) . In addition, 

CSA aims to strengthen livelihoods and food 

security, especially of smallholders, by 

improving the management and use of natural 

resources and adopting appropriate methods 

and technologies for the production, processing 

and marketing of ag ricultural goods. To 

maximize the benefits and minimize the trade -

offs, CSA takes into consideration the social, 

economic and environmental context where it 

will be applied. Repercussions on energy and 

local resources are also assessed.  

CSA is based on thr ee main pillars  (CCAFS, 

2017):  

1)  Productivity:  CSA aims to sustainably 

increase agricultural productivity and 

incomes from crops, livestock and fish, 

without having a negative impact on the 

environment. This, in turn, will raise food 

and nutritional securit y. A key concept 

related to raising productivity is  sustainable 

intensification . 

2)  Adaptation:  CSA aims to reduce the 

exposure of farmers to short - term risks, 

while also strengthening their resilience by 

building their capacity to adapt and prosper 

in the fa ce of shocks and longer - term 

stresses. Particular attention is given to 

protecting  the  services  that  ecosystems  

provide to farmers and others. These 

services are essential for maintaining 

productivity and our ability to adapt to 

climate changes.  

3)  Mitigation :  Wherever and whenever 

possible, CSA should help to reduce 

greenhouse gas  emissions. This implies that 

we reduce emissions for each calorie or kilo 

of food, fibre and fuel that we produce , t hat 

we avoid  deforestation  from agriculture , a nd 

that we manage s oils and trees in ways that 

maximize their potential to act as carbon 

sinks and absorb carbon dioxide ( CO2) from 

the atmosphere.  

1.1.2  What is the climate -smart 

agriculture approach?  

CSA is not a set of practices that can be 

universally applied, but rather an ap proach that 

involves different elements embedded in local 

contexts. CSA relates to actions both on - farm 

and beyond the farm, and incorporates 

technologies, policies, institutions and 

investment.  

Different elements of climate -smart agricultural 

systems incl ude  (FAO, 2017 a):  

Á Management of farms, crops, livestock, 

aquaculture and capture fisheries to balance 

near - term food security and livelihoods 

needs with priorities for adaptation and 

mitigation.  

Á Ecosystem and landscape management to 

conserve ecosystem ser vices that are 

important for food security, agricultural 

development, adaptation and mitigation.  

Á Services for farmers and land managers to 

enable better management of climate 

risks/impacts and mitigation actions.  

Á Changes in the wider food system , including  

demand -side measures and value chain 

interventions that enhance the benefits of 

CSA. 

While the CSA approach pursues the triple 

objectives of sustainably increasing productivity 

and incomes, adapting to climate change and 

reducing greenhouse gas emissions where 

possible, this does not imply that every practice 

applied in every location should produce ótriple 

wins ô. Rather ,  the CSA approach seeks to 

promote synergies, reduce potential trade -offs 

and maximi ze benefits in any given societal or 

biophysical cont ext , and over a range of 

different temporal and spatial scales.  

CSAôs rationale is based in part on the fact that 

the majority of the worldôs poor live in rural 

areas , and agriculture is their most important 

source of income. Developing the potential to 

increase productivity and incomes from 

smallholder crop, livestock, fish and forest 
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production systems will be the key to achieving 

global food security over the next 20  years. 

Climate change is expected to hit developing 

countries the hardest. Its effects i nclude higher 

temperatures, changes in precipitation patterns, 

rising sea levels and more frequent extreme 

weather events. All these pose risks for 

agriculture, food and water supplies. Resilience 

is therefore a predominant concern.  Agriculture 

is a major source of greenhouse gas emissions. 

Mitigation can often be a significant co -benefit 

of actions to strengthen adaptation and 

enhance food security, and mitigation action 

compatible with national development priorities 

for agriculture is therefore an import ant aspect 

of CSA.  

CSA is built upon a knowledge base that largely 

already exists , and a range of sustainable 

agricultural approaches ï such as  sustainable 

intensification , conservation agriculture , water -

smart agriculture  and sustainable land 

management .  

So how does CSA differ from existing 

approaches and paradigms? The differences boil 

down to three essential features:  

Á A focus  on  climate  change:  Like many 

existing approaches, CSA is based on 

principles of increased productivity and 

sustainability. But it  is distinguished by a 

focus on climate change, explicitly 

addressing adaptation and mitigation 

challenges while working towards  food 

security  for all. In essence, CSA is 

sustainable agriculture that incorporates  

resilience concerns , while at the same time  

seeking to reduce  greenhouse gas 

emissions.  

Á Outcomes,  synergies  and  trade - offs:  To 

develop interventions that simultaneously 

meet the three challenges of productivity, 

adaptation and mitigation, CSA must not 

only focus on policies, technologies and 

practi ces, but also on the outcomes of 

interventions beyond farm level. In so 

doing, it must consider the synergies and 

trade -offs that exist between productivity, 

adaptation and mitigation, as well as the 

interactions that occur or may be needed at 

different in stitutional levels. For instance, 

CSA interventions at farm/community level 

may affect social and ecological systems 

locally , and at the wider watershed or basin 

scales. Likewise, a CSA intervention that 

aims to increase productivity should also 

consider h ow this may affect adaptation and 

mitigation, and how all three CSA pillars can 

best be addressed and/or optimi zed. All this 

requires farmers and other decision -makers 

to understand the synergies and trade -offs 

that exist between the three pillars , and 

bet ween different sectors. To help people 

make informed decisions ï from the farm to 

parliament ï CSA focuses on developing 

metrics and prioritization tools that bring 

these synergies and trade -offs to the fore.  

Á New  funding  opportunities:  Currently, 

there is an enormous deficit in the 

investment that is required to meet food 

security. By explicitly focusing on climate 

change, CSA opens up new funding 

opportunities for agricultural development, 

enabling the sector to tap into climate 

finance for adaptation and mitigation.  

1.2  Brief introduction to 

climate -smart irrigation  

1.2.1  What is climate -smart irrigation?  

Climate -smart irrigation is good irrigation 

practice for a given agroclimatic and societal 

context that takes explicit account of challenges 

and opportunities that  may result directly or 

indirectly from different facets of climate 

change. Climate -smart irrigation pay s explicit 

attention to the three CSA pillars , as evidenced 

by the following versions of the three pillars:  

1)  Productivity:  CSI aims to increase 

agricult ural productivity and incomes 

derived from irrigated cropping systems up 

to and beyond the farm gate , without 

having negative impacts on the environment 

or other water users and uses (in space and 

time). CSI also aims to: 1) Improve the 

sustainability of i rrigated cropping systems 

and value chains, and 2) Ensure safeguards 

are in place regarding women, children and 

poor or marginal social groups.  

2)  Adaptation:  CSI aims to reduce the 

exposure of farmers , their irrigation systems  

and related value chains to sho rt - term risks, 

while also strengthening their resilience by 

building their capacity to adapt and prosper 

in the face of shocks and longer - term 

stresses. Particular attention is paid  to 
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improving the resilience of ecosystem 

services , infrastructure and supp ort systems 

(e.g. extension services, water governance 

systems, sources of credit) that are needed 

to maintain productivity and improve the 

ability of farmers to adapt to climate 

change.  

3)  Mitigation:  CSI aims to reduce greenhouse 

gas  emissions for each calo rie or kilo of 

food, fibre and fuel that is produced by 

irrigated cropping systems up to and 

beyond the farm gate. This can involve: 

reducing the non - renewable energy needed 

to pump, distribute and treat irrigation 

water, using solar pumps where 

appropriat e, minimi zing use of 

agrochemicals, and managing soils and 

irrigation systems in ways that maximize 

their potential for acting as carbon sinks.  

1.2.2  What differentiates climate -smart 

irrigation from good irrigation 

practice?  

Farmers have used irrigation for man y 

thousands of years to overcome constraints on 

crop growth and quality that are caused by 

spatial and temporal variability in rainfall and/or 

soil water characteristics (e.g. soil depth, 

hydraulic conductivity and water retention 

properties). Over time, t he development, 

adaptation and adoption of good irrigation 

practices  for given agroclimatic and societal 

contexts ha ve  played a central role in: 1) 

Stabili zing agricultural production by 

supplementing rainfall and retaining soil 

moisture during occasional or prolonged dry 

spells, and 2) Extending cropping into dry 

season s and/or arid/semi -arid areas.  

Arguably, good irrigation practices  have always 

been climate -smart because, by definition, they 

are based on: 1) A sound knowledge of spatial 

and inter -  and in tra -annual rainfall variability 

and crop water requirements; 2) A good 

understanding of the hydraulic properties of 

different soil types; and 3) Lessons learned 

regarding measures for mitigating, for example, 

the impacts of extreme weather events such as 

unseasonal or prolonged droughts.  

Typically , good irrigation practices are founded 

on a mix of technical and non - technical 

measures, know -how and lessons learned 

relating to the different elements  of  an 

irrigation system. Put s imply, these elements 

include:   

Á A reliable source of water,  e.g. a spring, a 

river or an aquifer. Reliability of water 

sources may also be dependent on policies 

and institutions responsible  for regulating 

and protecting the integrity (quality and 

quantity) and sustainability of natural  

resources, aquatic ecosystems, etc.  

Á Infrastructure to extract and convey 

water  from the source to where it is needed, 

when it is needed and with a quality that 

meets agreed standards , e.g. pumps, canals, 

pipes, valves (or gates), storage tanks and 

water t reatment systems. Policies and 

institutions for managing and maintaining 

public and private conveyance systems may 

also be needed . 

Á Infrastructure to distribute water 

uniformly  across a field and/or an irrigation 

scheme according to certain schedules, e.g. 

pumps, canals, pipes, control devices, night -

storage tanks, weather or soil sensors, etc. 

Institutions such as service -oriented 

irrigation management systems and water 

user associations (WUA) may also be 

required.  

Á Drainage infrastructure is often needed to  

reduce the risks of waterlogging and soil 

salinization. Policies and institutions may be 

needed to ensure that adequate attention is 

paid  to constructing and maintaining 

drainage systems.  

Á Access to land and water. Farmers require 

some kind of land and wat er tenure  that 

gives them rights to use both resources  and, 

just as important, the incentives to invest in 

activities aimed at improving the productivity 

and resilience of their irrigation systems. 

Policies and institutions may also be needed, 

e.g. to ensu re land and water rights are 

respected, to adjudicate if and when disputes 

occur , etc.  

Á Cropping systems  that are well adapted to 

relevant biophysical factors (e.g. 

agroclimatic conditions, soils, extreme 

events, etc.) and societal factors (e.g. 

markets, po licies, labour availability, social 

and political ec onomy shocks and risks, 

etc.). Policies and institutions may be needed 
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to support farmers and farming systems, 

e.g. extension services, banking or credit 

services, suppliers of seeds and 

agrochemicals, s uppliers of irrigation and 

agricultural equipment, etc.  

Á Value chains  that connect farmers to 

markets, ensure returns on investment and 

minimi ze risks of high post -harvest losses  

(see PHOTO 1 ) . Policies and institut ions 

may be needed to support farmers, traders 

and other intermediaries along value chains  

(e.g. trading standards l egislation, 

cooperatives, etc.).  

Typically , different stakeholders have different 

perspectives on what constitutes good irrigation 

practices . From a farmer perspective , the main 

constituents or attributes of good irrigation 

practice could be: crop productivity, profitability 

and minimal risk. By contrast, good irrigation 

practices from a national and basin level 

perspective could include: poli cy objectives are 

achieved; consumptive use of water by 

irrigation is sustainable (e.g. not leading to 

groundwater overdraft); levels of pollution are 

within acceptable limits; levels of damage to 

aquatic ecosystems are also acceptable; and 

intersectoral c onflicts between irrigation  and 

other water uses  are mediated and resolved.  

 

1.2.3  What are the value additions of 

climate -smart irrigation relative to 

good irrigation practices?  

As stated earlier, good irrigation practices are 

based on a range of activities tha t are well 

adapted to a given agroclimatic and societal 

context. Other attributes include: good crop 

husbandry; good irrigation scheduling; good 

maintenance of infrastructure; sustainable and 

efficient use of water sources , and so on. The 

reality is that a ctual irrigation practices often 

fall short of good practice in some or many 

respects. As a consequence, a necessary first 

step in implementi ng  CSI is often to tackle the 

root causes of current poor irriga tion practice 

and performance , t he rationale being that 

climate -smart investment (e.g. aimed at 

improving resilience and reducing GHG 

emissions) will be of limited value if irrigation 

PHOTO 1: Women selling produce at a market in a village in southern India  

An important element of good irrigation practice is to connect farmers to markets, ensuring income and returns on 

investment for  farmers and income -generating opportunities for traders.   

Photo credit: Charles Batchelor  
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schemes are underperforming. It should be 

not ed that the underlying causes of poor 

irrigation performance may be complicate d, and 

outside the control of farmers.  

Notwithstanding issues over what constitutes 

good irrigation practice, the following are 

examples of potential value additions of CSI:  

Á Explicit attention to climate change 

adaptation and mitigation :  More 

specifically , CSI pays  explicit focused 

attention to CSA pillars 2 and 3. CSI also 

pays  explicit attention to CSA pillar 1 , but 

this is already a central component of good 

irrigation practices and, as such, it does not 

differentiate CSI from good irrigation 

practice.  

Á Explicit attention to climate change 

related institutional reform: Typically, 

effective mainstreaming of climate change 

adaptation and mitigation into planning 

processes requires sector reform  and  

capacity -building at all institutional levels, 

but particul arly at decentrali zed level. A shift 

towards intersectoral planning is also 

required  if intersectoral sustainability, equity 

and efficiency goals are to be achieved. The 

CSI concept could play a role in leveraging 

sector and institutional reform that is ba sed 

on, for example, the Water -Energy -Food  

(WEF) nexus concept or similar.  

Á Leveraging funds . The CSI concept can 

also play an important role in leveraging 

funds for irrigation improvement and making 

effective use of these funds by improving 

farmer income a nd water productivity at the 

same time as reducing the vulnerability and 

carbon footprint of irrigated cropping 

systems.  

Á Improved irrigation  related planning 

and management: CSI recogni zes that 

trend analysis and modelling based on 

historic climatic, hydro logical and agricultural 

data and statistics can no longer be relied 

upon to underpin irrigation  related planning 

and management. As a consequence, CSI 

adopts different methods when planning and 

managing irrigation schemes. For example, 

less emphasis is pu t on time series analysis 

and relatively more emphasis is placed on 

FIGURE 1: Trends and projections in total land equipped for irrigation to 2050  

Source: FAO, 2017b  
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scenario building and analysis. A key point 

here is that future conditions, while 

uncertain and difficult to predict, may 

generate irrigation  related opportunities as 

well as challenges.  

Á Development of improved coping 

strategies. There is a risk that traditional 

irrigation  related coping strategies will fail as 

a result of the direct or indirect impacts of 

climate change. For example, reservoirs may 

be too small to meet increasing water 

demands of irrigation and other uses. 

Similarly , flood events may exceed the 

capacity of spillways on dams or lead to 

severe waterlogging due to  insufficient 

capacity of drainage systems. The CSI 

concept can play a central role in the 

development of new copi ng strategies that 

enhance the resilience and adaptation of 

irrigation systems to climate change , which 

brings with it  an increased frequency of 

extreme events (e.g. floods and droughts).  

Á High impact, low probability outcomes 

or impacts. Many potential ou tcomes and 

impacts of climate change are difficult to 

predict because they have not been 

experienced before (Taleb, 2008). While the 

probability of these outcomes or impacts 

may be low, the risk is that they will disrupt 

existing irrigation practices and b est efforts 

to improve the res ilience of irrigation 

systems. In such situations, disaster 

preparedness is crucial if loss of life and 

livelihoods are  to be avoided. CSI can play a 

role in establishing appropriate procedures 

and building the capacity of sta ff to take 

necessary decisions and preventative 

actions , should unpredicted climate change  

related events occur.  

1.3  Current status and future 

trends in global irrigation 

development  

In 2013, the global land area equipped for 

irrigation was around 325 million ha (FAO, 

2017 b) ( see FIGURE 1 ). During the period 

between 1961 and 2009 , the area equipped for 

irrigation globally grew at an annual rate of 1.6  

percent . FAO has projected that the global area 

equipped for irrigati on may further increase at a 

relatively low annual rate of 0.1  percent .  

Factors that influence area equipped for 

irrigation globally include:  

Á Water scarcity :  With the doubling of 

irrigated area, water withdrawal for 

agriculture has been rising sharply , and  this 

is having an effect on the rate of expansion 

of area equipped for irrigation. Globally, 

agricultural water withdrawal represents 70  

percent  of all withdrawals (FAO, 2011a). 

However, as water resources are very 

FIGURE 2: Fresh water withdrawals as a percentage of total renewable resources  

Source: FAO, 2017b  
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unevenly distributed, the impact of thes e 

withdrawals varies substantially between 

countries and regions (see FIGURE 2 ). An 

increasing number of the worldôs river 

basins have reached conditions of water 

scarcity through the combined pressure of 

agricultu re and other sectors. FAO (2011a) 

estimates that more than 40  percent  of the 

worldôs rural population lives in river basins 

that are classified as water scarce.  

Á Demand for water is outstripping 

supply:  Estimates of incremental water 

requirements to meet fu ture demand for 

agricultural production under climate change 

vary from 40 to 100  percent  of the extra 

water needed without global warming. The 

amount of ground or surface water required 

for  irrigation depends on modelling 

assumptions related to the expansi on of 

irrigated area ï between 45 and 125 million 

ha. One consequence of greater future 

water demand and likely reductions in 

supply is that the emerging competition 

between the environment and agriculture 

for raw water will be much greater, and the 

matchi ng of supply and demand 

consequently harder to reconcile (FAO, 

2011a). The regions that cause most 

concern are the Near East and Northern 

Africa  (NENA) , where water withdrawals are 

already near or above total renewable 

resources , and where precipitation is  low. In 

Northern Africa, pressure on water 

resources due to irrigation is extremely 

high , resulting in unsustainable use of 

groundwater.  

Á Increased private investment in 

groundwater - based irrigation:  The large -

scale public surface irrigation systems built 

during the Green Revolution dominated the 

landscape until the early 1980s and had a 

profound impact on the flow of many rivers. 

Over the past 30 years, private investment 

in groundwater -based irrigation has been 

stimulated in part by the reduced costs of 

drilling boreholes and submersible pumps. 

While this has produced major benefits (e.g. 

improved rural livelihoods  and  improved 

food security), the trade -off has been 

depletion of aquifers in many countries, 

including China, India and the United States 

of Am erica (USA) . In contrast, it is notable 

that access to  credit has constrained the 

investment  in irrigation of indebted and/or 

risk averse farmers . 

Á Agricultural intensification and risk 

reduction:  The amount of land needed to 

produce food for one person dec reased from 

0.45 h a in 1961 to 0.22 ha in 2009. During 

the same period, the extent of irrigated land 

more than doubled, increasing from 139 to 

301 million ha (FAO, 2011a). By providing 

farmers with access to water, irrigation has 

been a key factor in agric ultural 

inten sification and risk reduction. Continued 

expansion in areas equipped for irrigation is 

expected in areas that are well endowed 

with surplus water resources , as farmers in 

these areas increasingly look to gain greater 

control over production fa ctors, secure 

higher returns and reduce risks of crop 

failure.  

Á Environmental degradation:  Increased 

use of land, irrigation and agrochemicals 

played a major role in the growth of 

agricultural production during the Green 

Revolution. However, it is now reco gnized 

that the gains were often accompanied by 

negative effects on agricultureôs natural 

resource base, including land degradation, 

salinization of irrigated areas, over -

extraction of groundwater, the build -up of 

pest resistance and the erosion of 

biodive rsity. Agriculture has also damaged 

the wider environment through 

deforestation, the emission of GHGs and 

nitrate pollution of water bodies (FAO, 

2011a).  

Á Population increase, urbani zation and 

changing diets:  As the global population 

heads for more than 9 billion people by 

2050 (under medium growth projections), 

the world is rapidly becoming both 

urbanized and increasingly wealthy. Food 

preferences are changing to reflect this, 

with declining trends in the consumption of 

staple carbohydrates, and an increas e in 

demand for luxury products ï milk, meat, 

fruits and vegetables ï that are heavily 

reliant on irrigation in many parts of the 

world (FAO 2011a).  

Á Changing flow regimes:  About 40  percent 

of the worldôs irrigation is supported by 

flows originating in the Himalayas and other 

large mountain systems (e.g. Rocky 
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Mountains in the western USA and Tien 

Shan in Central Asia). The loss of glaciers 

worldwide has been one of the strongest 

indicators of global warming. 

Notwithstanding long - running debates over 

the rat e of glacier recession, the 

contribution of snowmelt to runoff is 

important in terms of base flows and timing 

of peak flows, but is more variable in its 

proportion of total runoff. The impacts on 

some river systems (such as the Indus) are 

likely to be sign ificant , and will change the 

availability of surface water for storage and 

diversion , as well as the amount of 

groundwater (FAO, 2011a).  

Á Low - income trap:  In most low - income 

countries, agriculture remains the major 

employer. Smallholder farmers are often 

caught in a trap of low earnings, low savings 

and low investments, which results in low 

levels of production and productivity. Small 

farm sizes, fragmentation of landholdings 

and limited access to equipment and inputs 

prevent farmers from connecting to value  

chains and taking advantage of economies 

of scale. Poor infrastructure, in terms of 

transport, access to electricity and 

irrigation, all serve to keep smallholder 

farmers in this trap. Higher food prices may 

boost productivity and create employment, 

but m ay also increase wage costs and lower 

competitiveness (World Bank, 2014). 

Addressing structural constraints remains 

the key priority for improving agricultureôs 

capacity to create decent employment 

opportunities.  

1.4  Irrigation sector challenges 

in the face of  climate change  

In facing up to climate change, the irrigation 

sector is encountering a great many challenges. 

Some of these are generic , and also relevant to 

the agricultural sector in general , and to other 

sectors. Others are more specific to the 

irrigat ion sector. The following list provides an 

overview of the climate change  related 

                                           
1 Many physical processes are scale  dependent and, as a 

result, uncertainties are unavoidable if data or model 

outputs are up scaled  or downscaled.  

 

 

challenges, while the rest of the report focuses 

on how best the irrigation sector can respond to 

these challenges.  

1.4.1  Uncertainty  

There is no escaping the fact that uncertainty  

and climate change go hand - in -hand. Despite 

decades of ever more exacting science on 

different aspects of global warming, great 

uncertainty remains on just how much warming 

will occur and, more specifically, on rates of 

atmospheric warming over different land 

surfaces. There is even more uncertainty in the 

global climate and modelling systems that are 

used to predict the effects of greenhouse gas 

emissions on rainfall and other climate 

variables , at various spatial and temporal 

scales. This uncertainty is linked: to 

inadequacies in the way the models describe 

complex physical processes; problems of scale ; 1 

and quality of information used to develop, 

calibrate and/or drive these models. It is also 

highly unlikely that some uncertainties will be 

reduced signi ficantly in the near future given, 

for example, the lack of observations of past 

changes relevant to some aspects of both 

climate forcing 2 and climate change ( RS & NAS , 

2014).  

Climate change may impact the irrigation sector 

directly as a result of spatial  and temporal 

changes in rainfall that reduce (or in some 

cases increase) the fraction of rainfall that is 

consumed  by irrigated agriculture. Climate 

change may also directly impact  the irrigation 

sector via the availability of surface and 

groundwater (in space and time)  and the 

frequency of extreme events (e.g. floods and 

droughts) . However, the ways in which changes 

in future rainfall amount and intensity affect 

surface runoff and groundwater recharge 

depend on simultaneous changes in 

evapotranspiration and , just as important ly , on 

changes in a multitude of additional factors that 

include land use, land management and land 

cover, cropping intensity of rainfed and 

irrigated crops, and groundwater levels. It has 

to be recogni zed that changes in land use 

2 Climate forcing  (also known as radiative forcing ) results 

from  imbalances in t he Earthôs energy budget resulting 

from increases in greenhouse gases and particles in the 

atmosphere , and/or changes in the nature of the Earthôs 

surface.  
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syst ems and associated change in the patterns 

of demand for and use of water may be induced 

by climate change and/or a wide range of semi -

dependent causal factors, such as increasing 

demand for agricultural commodities and 

changes in government policies.  

To ma ke the situation even more complicated, 

there are possible feedback loops that have the 

potential to exacerbate (or possibly reduce) 

potential climate change impacts. Such 

feedback loops , resulting in part from 

adaptation (or possibly maladaptation ) 

measur es to climate change are not fully 

considered in curren t predictions. As a 

consequence, the prediction with any certainty 

of the impact of climate change on, for 

example, the frequency and severity of extreme 

events (e.g. flooding of droughts) in space and  

time becomes highly complex and challenging . 

It is therefore highly unlikely that reliable 

forecasts  of changes in water supply and 

demand will be available in the foreseeable 

future, particularly at the scales at which 

irrigation sector planning generall y takes place. 

For this reason, t he challenge, as is discussed 

later in the compendium, is to develop water 

sector strategies and plans that are robust 

across a range of plausible future scenarios .3 

When attempting to manage uncertainty (e.g. 

using scenari o building and analysis), it is 

important to note that, arguably, uncertainty 

linked to understanding the underlying science 

is less significant than uncertainty linked to the 

wider political economy of climate change 

adaptation and mitigation. The followi ng are 

examples of sources of uncertainty that are 

linked to the wider politi cal economy of climate 

change:   

Á Uncertainty linked to potential trade -offs 

between food security, energy security and 

water security (in space and time) .Ο 

Á Uncertainty linked to sy stem behaviour and, 

more specifically, the ability of systems to 

adapt to and cope with (or even prosper 

from) climate change impacts . Ο 

Á Uncertainty in the perceptions (or mental 

models) that institutions or people have of 

                                           
3 Ideally, different types of scenario building should be 

used. This includes scenario building tha t are 1) 

Predominantly descriptive , i.e. scenarios describing possible 

trajectories starting from what we know about current 

climate change and, as important,  the 

scientific evidence that underpins current 

understanding of climate change. These are 

and will continue to be diverse, ambiguous 

and difficult to reconcile. Ο 

Á Uncertainty in political and financial 

commitment to climate change mitigation 

and adaptatio n (e.g. as part of the 2015 

Paris Agreement (see EC, 2017)) .  

Á Uncertainty in the outcomes resulting from 

implementation of climate change adaptation 

and mitigation strategies. While the 

expectation is that outcomes will be positive, 

the reality is that some  outcomes may be 

perverse. Note that taking an adaptive 

approach to implementing strategies can 

reduce the risk of perverse outcomes.  

1.4.2  Sector reforms  

In many countries , meeting climate  change 

related challenges may require reforms, for 

example, to the agric ulture, irrigation/water 

and energy sectors , and possibly broader 

reforms to the ways in which sectors: 

coordinate and their policies, programmes and 

expenditure; share information; monitor 

outcomes; and resolve potential conflicts. More 

specifically, in o rder to improv e food security 

and at the same time adapt to changing 

climatic conditions , policies and practices  are 

required that  result in more productive 

agricultural production systems which use 

inputs more efficiently, have less variability in 

their o utputs, and are more resilient to risks, 

shocks and long - term climate variability.  

From California to Chinaôs eastern provinces, 

from Jordan to the southern tip of Africa, an 

estimated two - thirds of the global population ï 

more than  4 billion people ï live s with severe 

water shortages for at least one month each 

year (FAO, 2016a).  Although, overall, there will 

be sufficient water in a changing climate to 

satisfy the demand for food at global level, a 

growing number of regions will face increasing 

water scar city. In deed , significant parts of the 

world are already struggling with physical water 

scarcity ( FIGURE 3 ) (FAO, 2016a). In addition, 

demand for water by other sectors is also 

conditions and trends , and 2) Predominantly  normative , i.e.  

scenarios that are constructed with a view to achieving a 

shared vision  or national or international norms.  
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increasing , albeit starting from a lo wer base. 

For example, the following demand increases 

were projected from manufacturing (+400  

percent ), thermal electricity generation (+140  

percent ) and domestic use (+130  percent ). In 

the face of these competing demands, there will 

be little scope for i ncreasing water allocations 

to the irrigation sector in many parts of the 

world (OECD, 2012).  

Intersectoral planning and management that 

take account of climate change induced risks 

and opportunities are fundamental to the 

development of resilient irrigate d cropping 

systems that are well adapted to specific 

agroclimatic and societal contexts. Similarly , 

the challenge of sustainable, efficient and 

equitable management of water is generally 

only possible when there is good intersectoral 

dialogue, stakeholder engagement and sharing 

of information horizontally at each institutional 

level , and vertically between institutional levels. 

Nested planning processes overcome a number 

of challenges by ensuring that planning at any 

given scale informs and is informed by p lanning 

at other institutional levels.  

There is general agreement that integrated and 

intersectoral approaches to managing water are 

becoming more important as a result of 

increasing competition for limited water 

resources. This said, many countries have 

attempted to introduce integrated approaches 

but, in many cases, with limited success.  

To respond to these challenges in a coordinated 

and effective manner, FAO and a broad range 

of partners have developed the Global 

Framework for Action to Cope with Water  

Scarcity in Agriculture in Οthe Context of Climate 

Change (GFA). The GFA calls for urgent action 

to cope with water scarcity in agriculture in the 

context of climate change , and growing sectoral 

and intersectoral competition for water 

resources (FAO, 2016a). It recognizes the 

intric ate links between climate change, water 

scarcity, sustainable agriculture and food 

security ï and the importance of addressing 

these holistically. Its objective is to strengthen 

the capacities of vulnerable countries to adapt 

agriculture to the impacts of climate change 

and water scarcity and, thereby, to reduce 

water  related constraints to achieving the food 

security and sustainable  development goals of 

those countries.  

The GFA is based on the premise that a 

sustainable pathway to food security in the 

con text Οof water scarcity lies in maximizing 

benefits that cut across multiple dimensions of 

the food ïwater ïclimate nexus, enabling 

sustainable agricultural production while 

reducing vulnerability to increasing water 

scarcity , and optimizing the climate chang e 

FIGURE 3: Global map of physical water scarcity by major river basin  

Source: FAO, 2016a  
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adaptation and mitigation benefits ( FIGURE 4 ) 

(FAO, 2016a).  

1.4.3  Efficiency/productivity conundrum  

Efficient and sustainable use of resources is one 

of the guiding principles of CSI , given that the 

irrigation sector is both a major consumer of 

water (e.g. through evapotranspiration) and 

energy (e.g. for pumping water, producing 

agrochemicals and operating machinery). As a 

consequence, pumped irrigation water that is 

not consumed productively , and crop failure or 

losse s, represent a loss of both water and 

energy. As might be expected, climate change 

strategies often include measures aimed at 

reducing water losses and/or improving the 

efficiency and productivity of irrigated cropping 

systems.  

A major challenge here is th at many losses of 

pumped water are not real losses when viewed, 

for instance, from farm, irrigation scheme or 

river basin scales. For example , pumped water 

that is ólost ô as deep percolation to an aquifer 

can be pumped and reused locally , and pumped 

water that is ólost ô as drainage can be reused 

within a large irrigation scheme downstream. 

The net effect is that, in many (possibly most) 

cases , the potential for reducing water losses is 

much less than anticipated. In contrast, return 

flows in the form of dee p percolation or 

drainage reuse do represent a real waste of 

energy . This said, return flows  often have a 

lower water quality than the original pumped 

water , and, in some cases, the se flows  may be 

difficult to recover and reuse.  

The conundrum is that many water 

professionals believe that there is huge scope 

globally for improving the efficiency of irrigated 

agriculture and freeing up water for other uses. 

The evidence from research and field 

measurements shows that this is not the case. 

The benefit at the l ocal ôon-farmô scale may 

appear dramatic, but when properly accounted 

at basin scale, total water consumption by 

irrigation tends to increase instead of decreas e.  

(Molle and Closas, 2017).  

The solution to these problems in areas 

experiencing increasing wat er scarcity is 

                                           
4 Particular consideration should be given to who is paying 

for irrigation improvement and/or expansion , since  this may 

relatively simple in conceptual  terms : less 

water must be consumed, and whatever water 

is available should be used as productively as 

possible. However, the politics of this solution 

are far from simple , because choices have to be 

made regar ding who should reduce water use, 

and choices made are likely to have economic, 

social and food  security implications 4 (Molle and 

Closas, 2017). The challenge of improving 

efficiency and productivity is also complicated 

by the fact that this is not necessa rily a high 

priority for farmers. Farmers in both rainfed and 

irrigated settings may have more important 

priorities that relate to, for example, reducing 

risk, reducing labour requirements and/or 

maximi zing returns (Wichelns, 2014).  

1.4.4  Evidence  informed plan ning  

Similar to CSA, CSI is not based on or built 

around a single technology or practice that can 

be applied universally. It is an approach that 

requires site -specific assessments that inform 

decisions related to both irrigation hardware , 

i.e. infrastructu re,  and software , e.g. poli cies, 

institutions, water governance  and 

management, land and water tenure, farmer 

know -how, markets and access to credit . In 

many cases, the starting point is an assessment 

of existing irrigation policies and practices and 

ident ification of underlying causes of good 

influence the gross and net profit margins experienced by 

farmers and their level of interest in i rrigation 

improvements and/or expansion.    

FIGURE 4: The focus of the Global Framework for 

Action (GFA) in a nutshell  

Source: FAO, 2016a  
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and/or poor irrigation performance. Note that 

assessments can benefit from using approaches 

such as: 1) Modernizing irrigation management 

ï the Mapping System and Services for Canal 

Operation Techniques  (MASSCOTE) app roach 

(Renault et al . , 2007) , and 2) Water accounting 

and auditing (WA&A) (Batchelor et al . , 2017 ) .  

A key CSI principle is that irrigation 

improvement or modernization should be based 

on adaptive approaches that make incremental 

improvements to irrigation hardware and 

software as and when new information or 

evidence becomes available. Challenges here 

include building and financing the necessary 

capacity for evidence  informed planning and 

management; improving monitoring systems; 

and overcoming resistance to  change from 

planning and management systems that are 

based on a limited number of  óone size fits all ô 

options . 

1.4.5  Resistance to change  

While there are strong arguments for irrigation 

sector reform in many countries, the experience 

of a number of  reform progr ammes is that 

progress is very slow and that opportunities for 

making even incremental changes envisaged as 

part of CSI are often transient or short - lived. 

Typical challenges faced by sector reform 

programmes include:  

Á Lack of political will or broad suppo rt 

for change. In many situations , political 

will is lacking and the reform process relies 

heavily on a lone champion , who may or 

may not have sufficient political support to 

see the reforms implemented . 

Á Resistance from middle managers .  

Resistance from thi s intermediate level can 

be passive or aggressive , but experience 

has shown that these middle managers can 

be the level at which reform processes stall . 

Á Vested interests .  Often , special interest 

groups have a vested interest in opposing 

and/or slowing down  reform. The effect that 

they can have on a reform process depends 

on how motivated they are , and how quickly 

and effectively they mobili ze opposition to 

reform.  

Á Hostile public opinion . Many reforms have 

limited public support , even when they are 

in the b roader national interest. The media 

often play s a critical role in influencing 

public opinion either for or against reform.  

Á Silent majority . Potential beneficiaries of 

reform often have limited opportunities 

and/or power to influ ence reform processes. 

In addition, they tend not to be organized or 

fully aware of what they stand to gain or 

lose. This is in contrast to those with vested 

interests ,  who are often a minority that is 

acutely aware of what is at stake.  

1.4.6  Resilience  

A central aim of CSI is to improv e the resilience 

of irrigation schemes , whether these be large 

publicly funded schemes or small privately 

funded and owner  operated schemes. Resilience 

can be described as the capacity of systems, 

communities, households or individuals to 

prevent, mitigate  or cope with risk and recover 

from shocks. At first approximation, resilience is 

the opposite of vulnerability. However, 

resilience adds a time dimension. A system is 

resilient when it is less vulnerable to shocks 

over a period of time , and when it has th e 

ability to recover from them.  

Adaptive capacity is an essential element of 

resilience. From a resilience perspective, 

adaptive capacity encompasses two 

dimensions: recovery from shocks and iterative 

responses to gradual change. Crucial elements 

of improv ing resilience include management of 

known risks, whether climatic or not, and 

preparedness for future, uncertain risks and 

changes (FAO, 2013a). Improving and 

maintaining the resilience of irrigation schemes, 

irrigated cropping systems and relevant value 

chains is particularly challenging because these 

are often complex and vulnerable to many 

different aspects of climate change (e.g. see 

FIGURE 5 ).  

1.4.7  Water  related beliefs and 

misconceptions  

Decision -making based on b eliefs and 

misconceptions is commonplace in the water 

and irrigation sectors. For example, beliefs and 

misconceptions relate to the effects of 

deforestation, afforestation and other land use 

changes on the hydrology of river basins. Some 

typical examples o f the disparities between 

popular narratives and the findings of decades 

of detailed research are listed in TABLE 1 . 

Unfortunately, some of these popular narratives 
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are prevalent in the media and climate change 

ada ptation plans. A key challenge is therefore 

to replace beliefs and misconceptions with facts 

and evidence that stand up to scrutiny when 

developing and implementing climate change  

mitigation and adaptation plans.

TABLE 1: Typical d isparities between scientific consensus and public beliefs/misconceptions  

Forest - water 

relationships  
Popular narrative  Key findings  

Forests and 

rainfall  

 Forests increase 

rainfall (and 

conversely, the 

removal of forests 

decreases rainfall).  

The clearing  of forests is highly unlikely to reduce total rainfall, and conversely, 

there is no evidence that reforestation increases rainfall. Caveat: In the few 

locations where occult precipitation 5 
occurs, the clearing of cloud forests can 

cause a reduction in net  precipitation.  

Forests and 

water yield  

Forests increase 

water yield (and 

conversely, the 

removal of forests 

decreases water 

yield).  

For annual rainfall regimes greater than about 500 mm per year, forests use 

more water than shorter forms of vegetation b ecause deeper root systems, 

higher Leaf Area Indices and greater rainfall interception lead to higher 

evapotranspiration. Taller forms of vegetation are also associated with greater 

surface roughness than shorter forms, which induces greater turbulence, 

leading to higher transpiration. Hence humid forested catchments yield lower 

total volumes of water (for wells, springs and streams) than humid catchments 

covered by shorter forms of vegetation.  

Forests and 

floods  

Forests reduce floods 

(and conversely, the  

removal of forests 

increases floods).  

(1) Increases in peak (flood) flows as a result of cutting trees are observable 

for small -  to medium -sized rainfall events in relatively small catchments ï less 

than about 10 km 2. (2) The major determinants of large -scale flooding at all 

catchment scales are rainfall amount and intensity, antecedent rainfall and 

catchment geomorphology ï not vegetation type.  

After: FAO and CIFOR, 2005; Ong et al., 2006; Hami lton et al., 2008; Gilmour, 2014  

                                           
5 óOccult precipitation ô is precipitation in liquid (fog drip) and 

solid (rime) forms that are induced when clouds or fog 

encou nter trees or other vegetation.  

FIGURE 5: Effects of climate change on the elements of the water cycle and their impacts 

on agriculture  

Source: FAO, 2017a  
























































































































































































































































