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THE CHALLENGE 
 

Throughout history, water governance has been a make or break issue for governments. 

In the future, effective governance that can enable transparent, clear-sighted trade-offs of 

a shifting water cycle will make or break governments and broader social stability, equity, 

and poverty alleviation. 

 

The UN Food Systems Summit has underplayed the centrality of water and its inherent 

and growing risks in food systems. 
 

The IPCC AR6 report should be viewed as a call for urgent action on water resilience to 

ready food systems for unpredictable water futures. Disruption of the water system is and 

will continue to create cascading risks across food systems. 
 

While resilient food systems and sustainable healthy diets for all call for much larger water 

use, water resources are limited and needed for other vital functions. Their use in food 

systems needs to be brought within the limits of sustainability. 
 

Food systems need to pro-actively work toward a socially and environmentally just space 

that considers water and food needs of people, the ecosystems that provision our food 

system, and broader energy and equity concerns. 
 

Achieving transformation to water resilient food systems will require a compact between 

national and local government, communities and the private sector, and governance that 

empowers women, youth and communities in decision making. 

Call To Action 

To mark the 2021 United Nations Food Systems Summit, we, as a group 

of 31 globally diverse practitioners and researchers, sound a clarion call 

for water resilience to be brought to the forefront of building resilient and 

sustainable food systems that can provision communities, economies and 

ecosystems into a rapidly changing world. 
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CRITICAL FOCUS AREAS FOR 
WATER RESILIENT FOOD SYSTEMS 

We propose the following six features that together provide a foundation for 

reducing future water risks to food systems and the basis for water resilient 

food systems: 

• Treating the food system as a system – adopting interconnected systems thinking 

that embraces the complexity of how we produce, distribute, and add value to food: 

New and innovative platforms and partnerships across the agricultural, environment, 

energy and land-use sectors are required for interconnected water and food systems 

thinking. As water and food systems are constantly co-evolving, there is a need for 

continual assessment of decisions and adaptation that can be achieved through 

interconnected systems thinking. 

• Adopting multi-level inclusive governance and supporting inclusive participation: 

Localized governance and participatory approaches enable better adaptability and 

rapid and inclusive responses to local threats to water security that could rapidly 

escalate across agricultural supply chains. The emergence of different governance 

institutions necessitates effective platforms for negotiation that build capacity 

for cooperation across the system as well as supporting robust conflict resolution 

mechanisms. 

• Enabling continual innovation, new knowledge and learning: A range of innovations    

are required in knowledge and technology, incentive systems, and financial instruments 

to facilitate behaviour change. To make use of new knowledge, there is a need for 

continual learning, capacity building and associated  feedback  mechanisms  that  allow 

for improvements, learning, flexibility and course adjustment. 

• Incorporating diversity and redundancy – living resilience: Embracing diversity and 

socio-ecological complexity in agricultural production techniques for more flexible, 

better adaptive capacity and systemic resilience provides a range of options to respond 

and adapt to changing circumstances, over both the short-term and long-term. 

• Ensuring system preparedness: Focus on preparedness and capacity building, 

transparency in data availability, accountability in data collection and management. 

In a changing world where future shocks and stresses cannot be perfectly predicted, 

resilience can be built by focusing more on preparedness and increasing the range of 

adaptive capacities that are available. 

• Plan for the long term: Water resilient food systems must proactively plan for and 

adapt to system changes over both short and long timescales built on a strong 

evidence base. Hard and soft infrastructure and governance systems should be 

designed to meet tests to resilience over a long time-horizon rather than focusing on 

present day stresses. 
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Full Statement 

 
Significant progress has been made globally in the production of food to meet growing 

demand. This is evidenced by per capita food availability increasing since the middle     

of the last century despite a more than doubling of the global population1 with a 

concomitant decline in hunger and malnutrition at the global level. An important benefit 

of our ability to feed a growing population, driven by political and consumer agendas,   

has been significant downward pressure on food prices, but at the cost of detrimental 

environmental, economic, and social impacts.2 However, an increasing number of 

countries are facing growing levels of acute food insecurity due to climate shocks and 

conflict, reversing years of development gains.3 4 This has been further exacerbated by the 

Covid-19 pandemic.5 6
 

 

Notwithstanding the current impacts of the pandemic, food and land-use systems are        

in crisis.7 At least four interlinked dimensions of systemic change are contributing to 

emerging food and nutrition insecurity, namely, (1) the climate crisis and an increasingly 

erratic water cycle, which is destabilizing agricultural and food systems as increased 

frequency and severity of extreme events, floods and droughts take hold8; (2) an 

environmental crisis unfolding through exploitive resource-use expansion, exacerbated by 

loss of biodiversity and ecosystem services that impart vulnerability to food systems9 10
 

11  12; (3) a health crisis driven by poor nutrition choices and lack of access to affordable      

and healthy food13; and (4) a rural livelihoods crisis in many countries associated  with 

gender inequality and an aging agrarian population with limited recruitment by youth that 

have aspirations beyond the farm gate.14 Moreover, while trade has been an enabler15 of 

food and nutrition security—and plays a growing role in national food security of low-and 

middle-income countries, particularly in Africa, trade  has,  at  times,  worsened  inequity 

and access to food.16 17
 

 

Whilst climate is a key driver of the challenges facing food systems, it is the Anthropocene 

condition and its many facets that needs to be acknowledged. We have built large urban 

conurbations in drought prone regions where populations continue to grow bringing 

 

1 Gordon, L.J. et al. 2017 
2 Kurth, T. et al. 2020 
3 Queiroz, C. et al. 2021. 
4 FAO, IFAD, UNICEF, WFP and WHO. 2021 
5 World Bank Group 2021 
6 World Food Program 2021 
7 FABLE 2019 
8 IPCC, 2021 
9 The food system includes the related resources, the inputs, production, transport, processing and manufacturing industries, retailing, and 

consumption of food as well as its impacts on environment, health, and society. It encapsulates the five tracks articulated within the UNFSS na- 
mely: Access to Safe and Nutritious Food for All; Shifting to Sustainable Consumption Patterns; Boosting Nature-Positive Production at Sufficient 
Scale; Advancing Equitable Livelihoods and Value Distribution; and Building Resilience to Vulnerabilities, Shocks and Stresses. UNFSS 2020. 

10 Queiroz, C. et al. 2021 
11 Béné, C. et al. 2019 
12 IPCC 2021 
13 Willett, W. et al. 2019 
14 Zou, B. et al. 2019 
15 OECD, 2021 
16 Benton, T. G. and Bailey, R. 2019 
17 FABLE 2019 
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greater stresses to limited water resources; we grow cotton and paddy rice in areas where 

it makes no sense considering the water footprint of these crops. These are examples of 

our inability to place water at the forefront in our decision-making process. 
 

A core element of the UN Food Systems Summit is to raise awareness that achieving the 

Sustainable Development Goals (SDGs) demands reforms in our food systems. These 

must address systemic changes driving food and nutritional security and the need to build 

resilience into food systems to ensure the provision of healthy and affordable diets for all 

while recognizing that the SDGs have deep connections, synergies, and – without care – 

potential conflicts. 
 

Water is too often left out of the  discourse  around  resilient  and  sustainable  food 

systems. Equality in access to water and its availability is taken as a given in its supply18;       

in the production and processing of food; in the consumption of food; and in equitably 

meeting demands from humans and nature.19 The  reality  is  water  has  the  power  to 

break climate-brittle food systems. We grow water-intensive crops in increasingly drought 

prone regions. Water management, under significant uncertainty, will increasingly lead to 

failures through for example droughts and floods, or water contamination contributing to 

unsafe drinking water and malnutrition and associated disease. In short, water itself is a 

critical source of resilience across natural and social systems.20
 

 

Disruption of the water system by climate change is creating risks across the food system 

– from inputs to food systems, to production and processing, to food consumption. The 

impacts on food systems will be far reaching from the loss of land in the mega-delta food 

bowls of south, east and west Asia due to salt water intrusion21; changed flow regimes 

of major river systems from the Andes to the Himalayas22 23; shifts in precipitation 

patterns and snowpack/ glacier melt impacting irrigated agriculture in Central Asia24; to 

abandonment of rainfed agriculture in regions of Africa due to rainfall unpredictability 

and desertification.25 Yet these shocks and stresses and, often the solutions, are found 

in water.26
 

 

The climate crisis is effectively a water resilience crisis – and therefore to meet our 

aspirations for future food systems, there is a need to transform governance systems 

relating to food and water to cope with variability, frequency and amplitude of water- 

related extreme events. The question arises: What are the critical elements for 

governance of water resilient food systems?27
 

 
 

 

18 Steiner, A. et al. 2020 
19 Smith, D.M. et al. 2019 
20 Falkenmark, M. et al. 2019. 
21 Hooijer, A. and Vernimmen, R. 2021 
22 Ragettli, S. et al. 2016 
23 Immerzeel, W.W. et al. 2010 
24 Barandun, M. et al. 2020 
25 Sulieman, H.M. and Buchroirhner, M.F. 2009 
26 IPCC, 2021 
27 Water resilient food systems, have the capacity to withstand and recover from water related shocks, 

and respond to long term changes in hydrology and water systems. 
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Whilst it could be argued that the innate complexity embedded in water – spanning social, 

economic and environmental domains – makes identifying the constituents of water resilient 

food systems a tortuous and contestable task, we are of the opinion that it is essential. 

The objective must be to prepare for a resilient future that embraces water scarcity, 

systematic changes in availability and competition. Water use in food systems have to 

be brought within the limits of sustainability, and food systems need to be ready for 

a productive future with unpredictable water. Further, change in food systems has to 

contribute to staying within the planetary boundaries for water resource use28 and to 

reclaiming the socially and environmentally just space. 

To catalyze a new dialogue on water resilient food systems, we propose the following 

six attributes that together provide a foundation for good governance to reduce future 

water  risks to food systems. These attributes are grounded in scientific evidence as well   

as our diverse collective experience and expertise working across the science-policy 

interface. They should not be seen as exhaustive or a road map to success but rather an 

opportunity to begin the urgently-needed discussion of how the transformation of food 

systems sought at the Food Systems Summit will be made water resilient. 

 
Embracing complexity – adopting interconnected systems thinking 

The water resilience of food systems is influenced and impacted by the numerous sectors 

that are dependent on water to create positive  interconnected  feedbacks  across  the 

water cycle.29 30 Water and food systems are constantly co-evolving as a result, requiring 

continual assessment of decisions and adaptation in the sustainable management 

of food systems.31 By acknowledging these feedbacks, connections and associated 

uncertainties, continual adjustments, synergies and trade-offs can be evaluated and 

actions taken. To achieve interconnected systems thinking, new and innovative platforms 

and partnerships need to be created that share expertise among practitioners across the 

agricultural, environment, energy and land-use domains along with other diverse groups 

that have an interest or stake in water and food systems. Evidence of the effectiveness of 

such approaches is found in innovation platforms that have emerged to address changes 

in small-scale irrigation in south and east Africa.32
 

The complexity of water resilience is eloquently encapsulated in the paradox of irrigation 

efficiency. Simple interventions through policy reform and investments in infrastructure 

or modernization of irrigation systems have rarely achieved the desired goal of reduced 

water consumption33 34 when scaled up from the farm to basin. By embracing complexity 

that is inclusive over a range of socio-ecological dimensions and scales, meaningful 

assessments can be undertaken of how to overcome the efficiency paradox.35 Similarly, 

 

28 Steffen, W. et al. 2015 
29 Sarre,  E. 2019 
30 Amigo, I. 2020 
31 Biggs, R., M. et al. 2012 
32 Pittock, J. et al. 2020 
33 Grafton, R.Q. et al. 2018 
34 McGuire, V.L., 2017 
35 Lankford, B. et al. 2020 
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the adoption of nature-based solutions36 37 38 and agroecological39 approaches incorporate 

the complexity of natural systems in building water resilience into food systems. 
 

Benefits of complexity thinking would include a shift in the mental models and cognitive 

processes of all actors involved to embrace uncertainty, long-term thinking, feedback 

loops and understanding of food systems as social-ecological systems, with water a key 

leverage point for transforming them into resilient systems. Further, embracing complexity 

provides the foundation for informed decision making that goes beyond sectorial silos. 

 
Polycentric governance, supporting inclusive participation 

Adopting polycentric governance fosters resilience across interconnected socio-ecological 

systems that constitute water and food systems. Such an architecture for governance 

contributes to strengthening inclusion for women, youth and marginalized people, which    

is vital for resilience. It recognizes the differences between varied stresses on water and 

food systems and enables tailoring of policymaking to adapt to local risks.40 Institutions 

within polycentric systems have the capacity to act semi-autonomously simultaneously, 

which enables adaptability and rapid and inclusive responses to local threats to water 

security that could rapidly escalate across agricultural supply chains.41 Where different 

polycentric governance institutions have  overlapping interests across these nested  

systems, there is a need for effective platforms for negotiation that build capacity 

for cooperation across the system as well as support from robust conflict resolution 

mechanisms.42 43 The potential for novel polycentric governance systems at scale has 

been identified for groundwater usage in sub-Saharan Africa.44
 

 

Traditional participatory approaches provide concrete examples of polycentric approaches 

to water management at a local level. The Muang Fai and Subak irrigation systems of 

northern Thailand and Bali respectively, have been managed through community-based 

participation and have  undergone little change for generations. Similarly, the Qanats of   

Iran provide an example of a traditional communal management system still in place. 

These systems encapsulate elements of responsiveness, flexibility and equitable water 

sharing and distribution mechanisms. Water as a collective good is enshrined in the 

Mexican and South African constitutions that promotes shared risks and equity.45 46
 

 

There are, however, lessons to be learnt in promoting polycentric governance 

structures, all part of a continual learning process that allows for improvements and 

course adjustment. The development of water user associations (WUAs) as a means 
 
 
 

36 Matthews, J. et al. 2019 
37 Malhi, Y. et al. 2020 
38 Hallstein, E. and Iseman, T. 2021 
39 HLPE. 2019 
40 Falkenmark, M. et al. 2019. 
41 Carlisle, K. and Gruby, R.L. 2019 
42 Ibid. 
43 Dore, J. et al. 2010 
44 Bruns, B. 2021. 
45 Wilder, M.O. et al. 2020 
46 South African Constitution 1996. 
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of democratizing irrigation management is emblematic of a polycentric approach to 

governance and inclusiveness, with many different examples found in the developed   

world. Whilst this approach has been promoted in the process of irrigation reform in many 

developing and emerging economies, its impact has been mixed due to challenges of 

developing effective and sustainable institutions.47
 

 

Polycentric governance structures would facilitate the  emergence  of  viable  water 

resource institutions that are transparent, accountable, efficient, responsive, sustainable, 

adequately resourced and geographically contextualized and move away from current 

governance arrangements that are often fragmented or weak. Further, since water risks 

under climate change fall disproportionately on the most vulnerable, such an approach      

to water resilient food systems would encapsulate a strong lens on equity and local 

communities. Water resilient food systems would factor in the environmental and ethical 

costs associated with food systems. 

 
Innovation, knowledge, and learning 

Water resilient food systems have embedded within them an ethos of continual innovation 

and learning along with access to knowledge and the skills and capacity to utilize   

knowledge in managing dynamically changing risks. They foster systems thinking and 

knowledge sharing and provide the space for continual learning that is used to inform 

decision making. The development, promotion and use of climate and water information 

systems and the implementation of robust monitoring systems, supports and contributes    

to adaptive management across the entire food system. 
 

To make use of information, water resilient food systems need to incorporate the 

attributes of continual learning and associated feedback mechanisms that allow for 

improvements and course adjustment. There is a range of information, knowledge and 

technological innovations and tools that could be brought to bear in enhancing water 

resilience into food systems. For example, the concept of ‘follow the water’ through recent 

technological advances in real-time monitoring of flows using Earth observation tools48, 

provides the critical information required to build robust water accounting systems that 

can be used in the decision-making process.49 Demystification of hydrogeology combined 

with community norms and institutional reforms as a means to manage groundwater 

as social-ecological commons in Maharashtra, India has been shown to be effective in 

addressing over exploitation of groundwater resources.50 In addition, traditional measures 

that have been used in the past, such as water-use efficiency, will need to be re-thought 

under climate change, since efficiency is not necessary an indicator of resilience.51
 

 

Whilst the ICT revolution and the emergence of Artificial Intelligence will play a significant 

role in supporting the emergence of water resilient food systems, there is a need to 
 
 

47 Aarnoudse, E. et al. 2018 
48 FAO. 2019 
49 Van Opstal, J. et al. 2021 
50 Kulkarni H. et al. 2021 
51 Garg, K.K. et al. 2021 
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ensure that indigenous solutions in water management are incorporated into the 

solutions mix. Rainwater harvesting systems, step wells, Persian wheels, etc. have been 

shown to be effective solutions for managing water resources. There is a need to revive 

and mainstream these approaches in the mix of options to be considered. 
 

Innovation is not confined to technology. Advances in incentive-based systems and 

financial instruments have provided the enabling environment to facilitate behaviour 

change. Adoption of improved practices and approaches that contribute to water resilient 

food systems occurs where there is a clear advantage to the individual, these being 

primarily economic. However, the adoption of practices and approaches that have a public 

and social good are often more difficult to achieve and less attractive due to a perceived 

limited immediate benefit (e.g. economic) and in general require incentivization.52 

Innovations in incentive-based approaches that include payment for ecosystem services 

(PES) and conditional transfer approaches have been key mechanisms in support of 

improved resource management that have positive impacts on the quantity and quality 

of water resources generated in the landscape. Examples include Conservation Reserve 

Program (CRP)53 in the USA, the Grain-to-Green Program (GTGP) and the Grain-to-Bamboo 

Program (GTBP) in China54, the Mahatma Gandhi National Rural Employment Guarantee 

Act (MGNREGA) in India55, the procurement and public distribution of millets in Odisha56 

and the Expanded Public Works Programme (EPWP) in South Africa.57 There are currently 

over 550 PES programs globally, steadily increasing in number, with total annual 

expenditures that could soon reach over US$ 40 billion.58 Despite their potential, water 

markets and other incentive-based approaches to water management have struggled to 

scale up beyond pilot initiatives due to political resistance, financing shortfalls and data 

deficits. Recent advances in our understanding of incentives for sustainable water use 

can help to overcome persistent barriers that have hindered past efforts.59 Emerging 

research on financial and investment instruments to support environment outcomes60 

holds significant promise to support water resilience in food systems. 

 
Diversity and redundancy 

Reaching resilient water systems that support food systems is aided by maintaining 

diversity and redundancy amongst component parts: from water landscapes through to 

governance institutions.61 It provides a range of options to respond and adapt to changing 

circumstances, over both the short-term and long-term. Within most current food systems, 

prioritization has promoted leanness and efficiency over system flexibility. Large-scale 

production technologies have been successful at maximizing output by simplifying 

and centralizing agricultural input techniques, but have created ‘narrow and brittle’ 
 
 

52 Costanza, R. et al. 2014 
53 United States Department of Agriculture 2011 
54 FAO 2021 
55 Kaur, N. et al. 2017 
56 Jena, D. and Mishra, S. 2021 
57 Porras, I. and Asquith, N. 2018 
58 Salzman et al. 2018 
59 Garrick, D. et al. 2020 
60 Blended Task Force 2020 
61 Biggs, R. et al. 2012. 
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systems at the expense of risks associated with climate change and biodiversity loss.62 

63 By encouraging and embracing diversity and social-ecological complexity, agricultural 

production techniques can be made more flexible, incorporating ‘broad and nimble 

adaptive capacity’ and building systemic resilience. Evidence from the Mediterranean 

on nature-based solutions suggests that they have been effective in reducing water 

demand, improving soil fertility and reduced erosion.64 It provides the opportunity to 

conserve ecological diversity and connectivity, promote economic diversity and guard 

against maladaptive engineering.65 The lack of progress in reversing the global decline in 

biodiversity is partly due to a mismatch between how living nature is conceived and valued 

by the conservation movement on the one hand, and by many different people, including 

marginalized communities, on the other requiring a pluralistic perspective on biodiversity.66
 

 
System preparedness 

Reaching water resilient food systems will require prioritizing preparedness away from the 

current reactionary responses.67 In a changing world where future shocks and stresses 

cannot be perfectly predicted, resilience can be built by focusing more on preparedness   

and increasing the range of adaptive capacities68, rather than trying to orchestrate precise 

response plans to specific predicted situations. The role of long-term climate forecasting  

and early warning systems are tools that would allow producers to make tactical   

decisions69; mapping temporal and spatial trends of emerging water scarcity; establishing 

routine water accounting approaches at a national level; and adapting agricultural water 

management to water scarcity would assist in preparing for extreme events. Proactive 

approaches to water  management have also been evidenced to be cheaper than 

responding to eventual shocks.70 Understanding how risks will  cascade  across  water 

systems between regions and economies and understanding potential water/agriculture 

tipping points can assist in highlighting the myriad ways in which actors need to prepare. 
 

In order to support a preparedness agenda there is a need for transparency in data 

availability, accountability in data management and collection. There are significant 

gaps in data collection across water systems worldwide and an increasingly important 

approach that can address this impasse is through citizen science and the citizen-state 

interface in data collection. Crop water budgeting successes in parts of India are evidence 

towards addressing this gap.71
 

 
Long-time horizons 

Today, throughout the world we find water infrastructure built thousands of years ago,  

from the aqueducts of ancient Rome to the irrigation channels of Mesopotamia. They are 

 

62 Petersen-Rockney, M. et al. 2021. 
63 Benton, T.H. et al. 2021. 
64 Torralba, M. et al.,  2016 
65 Smith, D.M. et al. 2019. 
66 Pascual, U., et al. 2021 
67 Bazza, M. et al. 2018. 
68 Biggs, R. et al.  2012. 
69 Alfieri, L. et al. 2012. 
70 Bazza, M. et al. 2018. 
71 Ghose, B. et al. 2018. 
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a defining feature of civilisation. Many investment decisions in water and food systems 

have long-term consequences. Infrastructure in particular can shape development for 

decades or centuries, a duration that often extends beyond infrastructure’s lifetime 

because the economic system reorganizes itself around them.72 Water resilient food 

systems must proactively plan for and adapt to system changes over both short and 

long timescales. Climate change is making the water cycle increasingly erratic. It is likely 

to increase the frequency of extreme weather that will negatively impact agricultural 

production capacity.73 One potential impact is multiple breadbasket failures if, for 

example, the Jetstream stalls over key food producing regions causing prolonged droughts 

– Earth has already been affected by two consecutive heatwaves across the entire   

northern hemisphere in 2019 and 2020. Water-resilient food systems should be built on       

a strong evidence base of the form of long-term stress. Hard and soft infrastructure and 

governance systems should then be designed to meet tests to resilience over a long time- 

horizon rather than focusing on present day stresses. 
 

Supporting these constituent components of water resilient food systems will be 

contingent on policy innovations, institutional innovations, and technological innovations 

that are connected and need to be pursued in integrated ways.74 This will require systems 

innovations, not only single-issue innovations, along with integration into relevant decision 

maker levels, including policy makers, water managers and, most importantly, farmer/ 

producer levels. 
 

As uncertainty emerges with climate change, our ability to identify the most likely and 

credible future water regime among a wide range of possibilities recedes. Due to non- 

stationarity, it is becoming harder to assign probabilities of future events with confidence 

limits and to then weigh alternative decisions. Instead, the best options for managing  

water are those that are robust because they show satisfactory performance across 

a wide range of possible futures.75 If such robustness can then be complemented by 

flexibility, the ability to respond to unexpected future events, changes in climatic and 

hydrological patterns, and residual risk is retained.76
 

 

Achieving transformation to water resilient food systems will require difficult decisions, 

negotiation of trade-offs and significant investments across the food system and in the 

generation of the new knowledge through research and its application. It will require    

an enabling environment, building a compact between government, communities and 

the private sector and the political will to stay the course. Further, women, youth and 

communities – including smallholder farmers – will need to at the centre of decision- 

making, financial allocations for implementation and governance if transforming food 

systems is to be water resilient. 
 
 
 
 

72 Hallegatte, S. et al. 2012. 
73 Beillouin, D. et al. 2020. 
74 von Braun, J. et al. 2021. 
75 Matrosov, E.S., et al. 2013 
76 Smith, D.M. et al. 2019 



Water governance for resilient food systems for future climates September 2021 12 
 

Contributors and Endorsers (In Alphabetical Order) 

 
Dr. Bruce Aylward 

Senior Water Advisor, Mercy Corps 
 

Dr. Holly Barclay 

School of Science, Monash University Malaysia, Malaysia 
 

Professor Jennie Barron 

Faculty Chair Agricultural Water Management, Swedish University of Agricultural Sciences, 

Uppsala, Sweden 

Dr.  Jelle Beekma 

Senior Water Resources Specialist (food security), Asian Development Bank (ADB) 
 

Dr. James Dalton 

Director, Global Water Programme, IUCN 
 

Mr. Michael Doane and Colleagues 

The Nature Conservancy, Global Provide Food and Water Program 
 

Mr. Owen Gaffney 

Global sustainability writer, analyst and strategist, Potsdam Institute for Climate Impact Research 

and Stockholm Resilience Centre, Stockholm University 

Dr. Line Gordon 

Director, Stockholm Resilience Centre, Stockholm, Sweden 
 

Professor Saleemul Huq 

Director, International Centre for Climate Change and Development 
 

Ms. Michiko Katagami 

Principal Natural Resources and Agriculture Specialist Agriculture, Rural Development and Food 

Security Unit Regional and Sustainable Development Department, Asian Development Bank 

Mr. Eliot Levine 

Director, Environment, Energy and Climate, Mercy Corps 
 

Dr. Lifeng Li 

Director, Land and Water Division, FAO, Italy 
 

Dr. John Matthews 

Executive Director, Alliance for Global Water Adaptation 
 

Dr. Nathanial Matthews 

CEO, Global Resilience Partnership 
 

Dr. Peter McCornick 

Executive Director, Daugherty Water for Food Global Institute (DWFI), University of Nebraska, USA 



Water governance for resilient food systems for future climates September 2021 13 
 

Mr Alqayam Meghji 

Independent Consultant, UK 
 

Dr. Shehnaaz Moosa 

Director, Climate and Development Knowledge Network (CDKN) 
 

Dr. Mark Mulligan and Colleagues 

King’s Water Hub, Department of Geography, King’s College, London 
 

Dr. Andrew Noble 

Independent Consultant, Brisbane, Australia 
 

Dr. Albert Norström 

Head of Knowledge and Evidence, Global Resilience Partnership and Stockholm Resilience 

Centre, Sweden 

Ms. Olga Petryniak 

Senior Director, Resilience and Food Security, Mercy Corps 
 

Professor Jamie Pittock 

Fenner School of Environment and Society, The Australian National University, Canberra, Australia 
 

Dr. Cibele Queiroz 

Researcher, Global Resilience Partnership and Stockholm Resilience Centre, Sweden 
 

Dr. Claudia Ringler 

Deputy Director of Environment and Production Technology Division, International Food Policy 

Research Institute, Washington DC 

Dr. Suzanne Robertson 

Principal Natural Resources and Agriculture Specialist, Asian Development Bank (ADB) 
 

Professor Johan Rockström 

Director Potsdam Institute for Climate Impact Research, Germany. 
 

Dr. Mark Smith 

Director General, International Water Management Institute (IWMI), Colombo, Sri Lanka 
 

Ms. Caroline Turner 

Water Resources Program Coordinator, FAORAP, Bangkok, Thailand 
 

Dr. Hugh Turral 

Water Resources Expert, FAORAP 
 

Ms. Shuchi Vora 

Programme Officer, Global Resilience Partnership 
 

Ms. Louise Whiting 

Land and Water Officer, FAORAP, Bangkok, Thailand 



Water governance for resilient food systems for future climates September 2021 14 
 

References 

 
Aarnoudse, E., Closas, A., and Lefore, N. 2018. Water User Associations: A Review of Approaches and Alternative Management Options   

for Sub-Saharan Africa; International Water Management Institute: Colombo, Sri Lanka. 

 
Alfieri, L., Salamon, P., Pappenberger, F. et al. 2012. Operational early warning systems for water-related hazards in Europe, 

Environmental Science & Policy, 21: pp.35-49. 

 
Amigo, I. 2020. When will the Amazon hit a tipping point? Nature. https://www.nature.com/articles/d41586-020-00508-4 

 
Barandun, M., Fiddes, J., Scherler, M. et al. 2020. The state and future of the cryosphere in Central Asia. Water Security, 11, 

https://www.sciencedirect.com/science/article/pii/S2468312420300122  

 
Bazza, M., Kay, M. and Knutson, C. 2018. Drought characteristics and management in North Africa and the Near East. Food and 

Agriculture Organization. 

 
Beillouin, D., Schauberger, B., Bastos, A. et al. 2020. Impact of extreme weather conditions on European crop production in 2018, 

Philosophical Transactions of the Royal Society B, 375(1810): pp.20190510. 

 
Béné, C., Oosterveer, P., Lamotte, L., et al. 2019. When Food Systems Meet Sustainability—Current Narratives and Implications for 

Actions. World Dev. 113:116–130. Available at: https://doi.org/10.1016/j.worlddev.2018.08.011 

 
Benton, T. G. and Bailey, R. 2019. The paradox of productivity: agricultural productivity promotes food system inefficiency. Global 

Sustainability 2, e6, 1–8. https://doi.org/10.1017/sus.2019.3 

 
Benton, T., Bieg, C., Harwatt, H. et al. 2021. Food Systems Impact on Biodiversity Loss, London: Chatham House 

 
Biggs, R., M. Schlüter, D. Biggs, E. L. et al. 2012. Toward principles for enhancing the resilience of ecosystem services. Annual Review 

of Environment and Resources 37:421-448. http://dx.doi.org/10.1146/annurev-environ-051211-123836 

 
Blended Finance Taskforce. (n.d.). Better Finance, Better Food: Investing in the new food and land use economy. 

https://www.blendedfinance.earth/better-finance-better-food 

 
Bruns, B. 2021. Polycentric solutions for groundwater governance in Sub-Saharan Africa: Encouraging institutional artisanship in an 

extended ladder of participation, Water, 13(5): pp.630. 

 
Carlisle, K. and Gruby, R.L. 2019. Polycentric systems of governance: A theoretical model for the commons, Policy Studies Journal, 

47(4): pp.927-952. 

 
Costanza, R., de Groot, R., Sutton, P. et al. 2014. Changes in the global value of ecosystem services. Global Environmental Change, 26, 

152–158. https://doi.org/10.1016/j.gloenvcha.2014.04.002 

 
Dore, J., Robinson, J. and Smith, M. (Eds) 2010. Negotiate – Reaching agreements over water. Gland, Switzerland: IUCN. 

 
FABLE 2019. Pathways to Sustainable Land-Use and Food Systems. 2019 Report of the FABLE Consortium. Luxenberg and Paris: 

International Institute for Applied Systems Analysis (IIASA) and Sustainable Development Solutions Network (SDSN). 

 
Falkenmark, M., Wang-Erlandsson, L. and Rockström, J. 2019. Understanding of water resilience in the Anthropocene, Journal of 

Hydrology X, 2, p.100009 

 
FAO. 2021. Society, economy and forests: The unfolding forest transition in China and the lessons for the future. FAO. 

https://doi.org/10.4060/cb3232en 

 
FAO. 2019. WaPOR, remote sensing for water productivity. https://wapor.apps.fao.org/home/1 

https://www.nature.com/articles/d41586-020-00508-4
https://www.sciencedirect.com/science/article/pii/S2468312420300122
https://doi.org/10.1016/j.worlddev.2018.08.011
https://doi.org/10.1017/sus.2019.3
http://dx.doi.org/10.1146/annurev-environ-051211-123836
https://www.blendedfinance.earth/better-finance-better-food
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.4060/cb3232en
https://wapor.apps.fao.org/home/1


Water governance for resilient food systems for future climates September 2021 15 
 

FAO, IFAD, UNICEF, WFP and WHO. 2021. The State of Food Security and Nutrition in the World 2021. Transforming food systems for 

food security, improved nutrition and affordable healthy diets for all. Rome, FAO. https://doi.org/10.4060/cb4474en 

 
Garg, K.K., Singha, R., Ananthaa, K.H. et al. 2021. Building climate resilience in degraded agricultural landscapes through water 

management: A case study of Bundelkhand region, Central India. Journal of Hydrology, 591. 

https://doi.org/10.1016/j.jhydrol.2020.125592 

 
Garrick, D., Iseman, T. Gilson, G. et al. 2020. Scalable solutions to freshwater scarcity: Advancing theories of change to incentivize 

sustainable water use. Water Security, 9. https://www.sciencedirect.com/science/article/abs/pii/S2468312419300203?via%3Dihub 

 
Grafton, R.Q., Williams, J. Perry, C.J. et al. 2018. The paradox of irrigation efficiency. Science, 361: 748-750. 

 
Gordon, L.J., Bignet, V., Crona, B. et al. 2017. Rewiring food systems to enhance human health and biosphere stewardship. Environ. 

Res. Lett. 12: https://iopscience.iop.org/article/10.1088/1748-9326/aa81dc 

 
Ghose, B., Dhawan, H., Kulkarni, H. et al. 2018. Peoples’ Participation for Sustainable Groundwater Management. In: Saha D., 

Marwaha S., Mukherjee A. (eds) Clean and Sustainable Groundwater in India. Springer Hydrogeology. Springer, Singapore. 

https://doi.org/10.1007/978-981-10-4552-3_15 

 
Hafield, A. and Gany, A. 2001. Subak: Irrigation System in Bali, Research Institute for Water Resources. 

 
Hallegatte, S., Shah, A., Lempert, R., et al. 2012. Investment Decision Making under Deep Uncertainty - Application to Climate Change. 

World Bank, Policy Research Working Papers https://elibrary.worldbank.org/doi/abs/10.1596/1813-9450-6193 

 
Hallstein, E. and Iseman, T. 2021. Nature-based solutions in agriculture – Project design for securing investment. Virginia. FAO and The 

Nature Conservancy. https://doi.org/10.4060/cb3144en 

 
HLPE. 2019. Agroecological and other innovative approaches for sustainable agriculture and food systems that enhance food security 

and nutrition. A report by the High Level Panel of Experts on Food Security and Nutrition of the Committee on World Food Security, 

Rome. 

 
Hooijer, A. and Vernimmen, R. 2021. Global LiDAR land elevation data reveal greatest sea-level rise vulnerability in the tropics. Nature 

Communications, 12: 3592 https://doi.org/10.1038/s41467-021-23810-9 

 
Immerzeel, W.W., van Beek, L.P.H., and Bierkens, M.F.P. 2010. Climate change will affect the Asian water towers. Science 328:1382– 

85 

 
IPCC, 2021. Summary for Policymakers Change 2021: The Physical Science Basis. Contribution of Working Group I to the. In: Climate  

Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, 

C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T. K. Maycock, T. 

Waterfield, O. Yelekçi, R. Yu and B. Zhou (eds.)]. Cambridge University Press. 

 
Jena, D. and Mishra, S. 2021 Procurement and Public Distribution of Millets in Odisha: Lessons and Challenges, Policy Brief 

PB1RRAN0121, RRA Network. 

 
Kaur, N., Steele, P. and Barnwal, A. 2017. The Mahatma Gandhi Rural Employment Guarantee Act (MGREGA), India - Country study 

summary. In: Porras, I, Mohammed, E, Steele, P (eds). Conditional transfers, poverty and ecosystems: National Programmes Highlights 

series. IIED, London. 

 
Kulkarni H., Joshi D., Aslekar U., et al. 2021. Catalyzing Groundwater Governance Through People’s Participation and Institutional 

Reform. In: Chadha G., Pandya A.B. (eds) Water Governance and Management in India. Water Resources Development and 

Management. Springer, Singapore. https://doi.org/10.1007/978-981-16-1472-9_1 

 
Kurth, T., Meyer zum Felde, A., Rubel, H. et al. 2020. The True Cost of Food. Boston Consulting. 

https://www.bcg.com/en-au/publications/2020/evaluating-agricultures-environmental-costs 

https://doi.org/10.4060/cb4474en
https://doi.org/10.1016/j.jhydrol.2020.125592
https://www.sciencedirect.com/science/article/abs/pii/S2468312419300203?via%3Dihub
https://iopscience.iop.org/article/10.1088/1748-9326/aa81dc
https://doi.org/10.1007/978-981-10-4552-3_15
https://elibrary.worldbank.org/doi/abs/10.1596/1813-9450-6193
https://doi.org/10.4060/cb3144en
https://doi.org/10.1038/s41467-021-23810-9
https://doi.org/10.1007/978-981-16-1472-9_1
https://www.bcg.com/en-au/publications/2020/evaluating-agricultures-environmental-costs


Water governance for resilient food systems for future climates September 2021 16 
 

Lankford, B., Closas, A., Dalton, J. et al. 2020. A scale-based framework to understand the promises, pitfalls and paradoxes of irrigation 

efficiency to meet major water challenges. Global Environmental Change, 65: https://doi.org/10.1016/j.gloenvcha.2020.102182 

 
Malhi, Y., Franklin, J., Seddon, N. et al. 2020. Climate change and ecosystems: threats, opportunities and solutions. Phil. Trans. R. Soc. 

B 375: 20190104. http://dx.doi.org/10.1098/rstb.2019.0104 

 
Matrosov, E.S., Woods, A.M., and Harou, J.J. 2013. Robust decision making and info-gap decision theory for water resource system 

planning. Journal of Hydrology 494. doi.org/10.1016/j.jhydrol.2013.03.006 

 
Matthews, J., Matthews, N., Simmons, E. et al. 2019. Wellspring: Source Water Resilience and Climate Adaptation. Arlington, VA: The 

Nature Conservancy. https://www.nature.org/content/dam/tnc/nature/en/documents/Wellspring_FULL_Report_2019.pdf. 

 
McGuire, V.L., 2017. Water-level and recoverable water in storage changes, High Plains aquifer, predevelopment to 2015 and 2013– 

15: U.S. Geological Survey Scientific Investigations Report 2017–5040, 14 p., https://doi.org/10.3133/sir20175040. 

 
Mungsunti, A., and Parton, K.A. 2017. Estimating the economic and environmental benefits of a traditional communal water irrigation 

system: The case of muang fai in northern Thailand. Agric. Water Manag. 179, 366–377. 

 
OECD 2021. Agricultural Policy Monitoring and Evaluation 2021: Addressing the Challenges Facing Food Systems, OECD Publishing, 

Paris, https://doi.org/10.1787/2d810e01-en 

 
Pascual, U., Adams, W.M., Díaz, S. et al. 2021. Biodiversity and the challenge of pluralism. Nature Sustainability, 4: 567–572. 

 
Petersen-Rockney, M., Baur P., Guzman, A., Bender. S.F., Calo, A., Castillo. F., De Master, K., Dumont, A., Esquivel, K., Kremen, C., 

LaChance, J., Mooshammer, M., Ory, J., Price, M.J., Socolar, Y., Stanley, P., Iles, A. and Bowles, T. 2021. Narrow and Brittle or Broad 

and Nimble? Comparing Adaptive Capacity in Simplifying and Diversifying Farming Systems. Frontiers in Sustainable Food Systems, 

5:pp.56. 

 
Pittock, J., Bjornlund, H. and van Rooyen, A. 2020. Transforming failing smallholder irrigation schemes in Africa: a theory of change. 

International Journal of Water Resources Development, DOI: 10.1080/07900627.2020.1819776 

 
Porras, I. and Asquith, N. 2018. Ecosystems, poverty alleviation and conditional transfers: Guidance for practitioners. International 

Institute for Environment and Development, London. http://pubs.iied.org/16639IIED 

 
Queiroz, C., Norström, A.V., Downing, A. et al. 2021. Investment in resilient food systems in the most vulnerable and fragile regions is 

critical. Nature Food 2, 546–551. https://doi.org/10.1038/s43016-021-00345-2 

 
Ragettlia, S., Immerzeelb, W.W. and Pellicciottic, F. 2016. Contrasting climate change impact on river flows from high-altitude 

catchments in the Himalayan and Andes Mountains. PNAS, 113: 9222–9227. 

 
Salzman, J., Bennett, G., Carroll, N., et al. 2018. The global status and trends of Payments for Ecosystem Services. Nature 

Sustainability, 1(3), 136–144. https://doi.org/10.1038/s41893-018-0033-0 

 
Sarre, E. 2019. Forests: Nature-based Solutions for Water, Rome: Food and Agriculture Organization 

 
Smith, D.M., Matthews, J.H., Bharati, L., et al. 2019. Adaptation’s thirst: Accelerating the convergence of water and climate action. 

Background Paper prepared for the 2019 report of the Global Commission on Adaptation, Rotterdam and Washington, DC. Available 

online at www.gca.org 

 
South African Constitution 1996. https://www.gov.za/documents/constitution-republic-south-africa-1996 

 
Steffen, W., Richardson, K., Rockström, J., et al. 2015. Planetary boundaries: guiding human development on a changing planet. 

Science 347: 1259855. https://doi.org/10.1126/science.1259855. 

 
Steiner, A., Aguilar, G., Bomba, K. et al. 2020. Actions to transform food systems under climate change. Wageningen, The Netherlands: 

CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS). 

https://doi.org/10.1016/j.gloenvcha.2020.102182
http://dx.doi.org/10.1098/rstb.2019.0104
https://www.nature.org/content/dam/tnc/nature/en/documents/Wellspring_FULL_Report_2019.pdf
https://doi.org/10.3133/sir20175040
https://doi.org/10.1787/2d810e01-en
http://pubs.iied.org/16639IIED
https://doi.org/10.1038/s43016-021-00345-2
https://doi.org/10.1038/s41893-018-0033-0
http://www.gca.org/
https://www.gov.za/documents/constitution-republic-south-africa-1996
https://doi.org/10.1126/science.1259855


Water governance for resilient food systems for future climates September 2021 17 
 

Sulieman, H.M. and Buchroirhner, M.F. 2009. Degradation and abandonment of mechanized rainfed agricultural land in southern 

Gadarif region, Sudan: The local farmers perception. Land Degradation and Development, 20: 199 – 209. 

 
Torralba, M., Fagerholm, N., Burgess, P.J. et al. 2016. Do European agroforestry systems enhance biodiversity and ecosystem services? 

A meta-analysis. Agriculture, Ecosystems & Environment, 230, 150-161. 

 
United States Department of Agriculture. 2011. CRP benefits. http://www.fsa.usda.gov/Internet/FSA_File/united_states.pdf 

Accessed August 2021.University of Oxford. (2020). Oxford launches new principles for credible carbon offsetting | University of 

Oxford. https://www.ox.ac.uk/news/2020-09-29-oxford-launches-new-principles-credible-carbon-offsetting 

 
Van Opstal, J., Droogers, P., Kaune, A., et al. 2021. Guidance on realizing real water savings with crop water productivity interventions. 

Wageningen, FAO and FutureWater. https://doi.org/10.4060/cb3844en 

 
von Braun, J., Afsana, K., Fresco, L.O., Hassan, M. with the Scientific Group for the UN Food Systems Summit 2021. Science and 

innovation for food systems change: Opportunities for the food System Summit. Draft report July 2021. 

 
Wilder, M., Martínez Austria, P.F., Hernández Romero, P., et al. 2020. The human right to water in Mexico: Challenges and opportunities. 

Water Alternatives 13(1): 28-48. 

 
Willett, W., Rockström, J., Loken, B. et al. 2019. Food in the Anthropocene: the EAT–Lancet Commission on healthy diets from 

sustainable food systems. The Lancet 393, 447–492. 

 
World Bank Group July 2021. Food Security and COVID-19. Available on line: 

https://www.worldbank.org/en/topic/agriculture/brief/food-security-and-covid-19 (accessed 18 August 2021). 

 
World Food Program (WFP) 2021. Hunger and COVID-19 weekly snapshots. WFP’s Hunger Monitoring Unit. Available online: 

https://dataviz.vam.wfp.org/Dashboards/Hunger-Snapshots-Countries (accessed 18 August 2021). 

 
Zou, B., Mishra, A. and Luo, B. 2018. Aging population, farm succession, and farmland usage: Evidence from rural China. Land Use 

Policy 77, 437-445. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Cover image: Bioversity International CC BY-NC-ND 4.0 

https://www.flickr.com/photos/bioversity/21535713664/ 

http://www.fsa.usda.gov/Internet/FSA_File/united_states.pdf
https://www.ox.ac.uk/news/2020-09-29-oxford-launches-new-principles-credible-carbon-offsetting
https://doi.org/10.4060/cb3844en
https://www.worldbank.org/en/topic/agriculture/brief/food-security-and-covid-19
https://dataviz.vam.wfp.org/Dashboards/Hunger-Snapshots-Countries
https://www.flickr.com/photos/bioversity/21535713664/

