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Abstract 

Food, water, and energy security are conventionally governed as three separate problems. They are, in fact, a 

single tightly coupled system — the food–energy–water nexus — in which each resource is an indispensable 

input to the others: water is needed to produce energy and grow food, energy is needed to move and manufacture 

water and to run modern agriculture, and both underpin the food supply. This report argues that the nexus is now 

under a compound stress that siloed policy is structurally unable to meet, and that the strategic task of the century 

to 2050 is to build food, water, and energy systems that are integrated by design and resilient to shocks that 

arrive together. 

The stress is compound because it comes from two directions at once. Climate disruption attacks the physical 

resource base — degrading harvests, glaciers, river flows, and the water and cooling on which power depends 

— and does so across all three resources simultaneously, since it strikes their shared inputs. Geopolitical 

disruption attacks the trade channels that once let each resource gap be filled from a deep and stable world market 

— through export bans, chokepoints, fuel and mineral coercion, and the fragmentation of an "age of 

competition." Where climate degrades the resource base, geopolitics severs the ability to compensate; and 

because the resources are coupled, a shock to one propagates to the others, so that a single event can strike 

several securities at once. The compound crisis of the early 2020s — pandemic into supply shock into the 2022 

food, fertiliser, energy, and debt cascade, which the United Nations estimated exposed some 1.7 billion people 

across 107 economies — is the live demonstration. 

The report's central analytical claim is that security pursued one resource at a time does not merely fall short but 

actively backfires, because in a coupled system a fix aimed at one resource shifts hidden burdens onto the other 

two. Food self-sufficiency bought with subsidised power for groundwater irrigation manufactures a water-

depletion and energy-subsidy crisis, as in the Indian Punjab, where roughly 79 percent of irrigation now draws 

on a critically over-exploited aquifer; energy security bought with water-cooled thermal power or first-

generation biofuels is paid for in water and food; water security bought with fossil-fuelled desalination is paid 

for in energy and emissions. This burden-shifting — maladaptation as the default outcome of siloed decision-

making — is the negative case for integration. 

The positive case is that the same couplings, managed as a whole, yield a dividend: an investment chosen with 

the nexus in view can strengthen several securities at once. Solar-powered drip irrigation, renewables-driven 

desalination, efficiency, wastewater reuse, diversified and buffered supply, and cooperatively governed shared 

basins and markets advance food, water, and energy together rather than robbing two to pay one. The report sets 

out five design principles — diversify, buffer, raise efficiency, exploit synergies, and cooperate across borders 

— and confronts the strategy's real limits: rebound effects, non-benign "solutions" such as large dams, the 

institutional difficulty of breaking silos, distributional risk, and the fact that integration can make compound 

stress survivable but cannot hold it in bounds, so it must be paired with mitigation and an open international 

order. 

The implication is an agenda with a deadline. Manage the nexus as one system, with institutions and finance that 

price cross-resource effects and value integrated investment at its full return against an eight- to fourteen-fold 

adaptation-finance gap; prioritise double-duty investments over burden-shifting fixes; hold buffers and diversify 

sources; and cooperate over shared rivers, open markets, and the critical minerals of the transition. Above all, 

move while the systems are still being built: most of the food, water, and energy infrastructure of the mid-century 

world does not yet exist and is being built now, so integrated resilience designed in today is cheap where 
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retrofitting it after the compound shocks will not be. Grounded in the experience of Israel, Singapore, Morocco, 

the Gulf states, the Indian Punjab, and the contested Nile, the report's central finding is that food, water, and 

energy security are one security, that it can be built to survive a disrupted century, and that whether it is built 

that way is a choice to be made in the years immediately ahead. 

Keywords: food security; water security; energy security; food–energy–water nexus; resource security; 

compound risk; climate disruption; geopolitical risk; supply-chain fragility; import dependence; groundwater 

depletion; irrigation; desalination; renewable energy; critical minerals; transboundary water; strategic reserves; 

efficiency; maladaptation; integrated resource management; resilience; adaptation finance 

JEL classification: Q25, Q34, Q42, Q54, O13, F52; water; natural resources and conflict; alternative and 

renewable energy; climate and natural disasters; agriculture and natural resources in development; national 

security and economic nationalism 

Data and method: This report synthesises institutional and peer-reviewed research on the food–energy–water 

nexus, resource security, and compound risk, including the FAO State of Food Security and Nutrition in the 

World 2025; the UN World Water Development Report 2025; the IEA World Energy Outlook 2025 and Global 

Critical Minerals Outlook 2025; the FAO and IEA analyses of the water–energy–food and water–energy nexus 

(Hoff 2011; FAO); the IPCC Sixth Assessment Report (Working Group II); the WMO Atlas of Mortality and 

Economic Losses (1970–2021); IRENA's work on the geopolitics of the energy transition; the World Bank and 

UN assessments of the 2022 food, energy, and finance crisis; the UNEP Adaptation Gap Report; and primary 

reporting on Israel, Singapore, Morocco, the Gulf, the Indian Punjab, and the Nile. Every quantitative claim is 

attributed inline to a primary or authoritative secondary source. Figures 1, 2, 4, and 6 are conceptual schematics; 

Figure 3's regional positions are stylised; Figures 5 and 8 are illustrative of the report's arguments rather than 

projections; Figure 7 reports values from the cited source. The report is analytical rather than predictive. 
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1. Introduction: Three Securities, One System, Two Stressors 

Food, water, and energy are usually treated as three separate securities, each with its own ministry, its 

own experts, and its own strategy. They are not separate. They are a single, tightly coupled system, and 

that system is now being pressed from two directions at once — by a changing climate that degrades the 

physical resource base, and by a fracturing geopolitics that severs the trade channels most countries rely 

on to close their resource gaps. This report is about that coupled system under that compound stress, 

and about how to build food, water, and energy systems that can survive it together. 

The three resources are joined by physics and economics, not by administrative convenience. It takes vast 

quantities of water to produce energy — to cool thermal power plants, to turn hydroelectric turbines, to 

grow biofuel feedstock — and vast quantities of energy to produce and move water, to pump it from 

aquifers, to push it through desalination membranes, to treat and distribute it. Both water and energy are 

indispensable inputs to food: irrigation accounts for the overwhelming share of humanity's freshwater 

withdrawals, and modern agriculture runs on energy embodied in fertiliser, machinery, transport, and 

processing. A decision taken in one of these systems reverberates through the other two. This web of 

dependencies is what specialists call the food–energy–water nexus, and it is the object of this report. 

For most of the modern era, the couplings in this nexus could be safely ignored by policymakers, because 

each resource was, for most countries most of the time, either domestically abundant or cheaply available 

on a deep and stable world market. A country short of energy imported oil; a country short of food imported 

grain; a country short of water leaned on the two by importing the food and energy that water would 

otherwise have produced at home. Trade, in effect, dissolved the couplings by allowing each resource gap 

to be filled from elsewhere. That arrangement rested on two assumptions: that the physical resource base 

would remain broadly stable, and that the channels of trade would remain broadly open. Both assumptions 

are now failing at the same time. 

The first stressor is climate. A warming, more volatile climate strikes directly at the physical foundation of 

all three securities. It shifts and intensifies droughts and floods that determine harvests; it melts the glaciers 

and disrupts the precipitation that feed rivers and aquifers; it raises the water temperatures and lowers the 

river flows on which thermal and hydroelectric power depend; and, through heat itself, it raises the demand 

for water and cooling energy exactly when supply is most constrained. Climate does not respect the 

boundaries between the three systems. A single drought can cut a harvest, empty a reservoir, and idle a 

hydropower dam in one stroke — a physical shock transmitted across the whole nexus. 

The second stressor is geopolitics. The trade channels that once dissolved the couplings are themselves now 

a source of insecurity. Grain, fertiliser, fuel, and the critical minerals of the energy transition move through 

a small number of exporting regions and a handful of maritime chokepoints, and that concentration has 

become a lever of coercion and a point of fragility. Export bans, sanctions, blockades, and the weaponisation 

of pipelines and shipping lanes can sever a country's access to imported food or energy overnight, with 

none of the warning a drought provides. Where climate degrades the resource base, geopolitics degrades 

the ability to make up the shortfall through trade. The World Economic Forum's Global Risks Report 2026 

captures the mood precisely, ranking geoeconomic confrontation and interstate conflict alongside extreme 

weather at the top of the global risk landscape and describing an emerging "age of competition" in which 

the two categories of risk increasingly move together. 
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The central danger is not either stressor alone but their coincidence. Climate and geopolitical shocks now 

arrive together and amplify one another: a drought tightens the world grain market at the moment an export 

ban removes a major supplier; an energy-price spike raises the cost of the fertiliser and the water pumping 

on which the next harvest depends. Because the underlying resources are coupled, a shock that begins in 

one propagates to the others; because the two stressors compound, a single event can strike several nodes 

of the nexus at once. This is what this report means by compound global stress — and it is a qualitatively 

harder problem than any of the three securities faces on its own. 

The argument of this report is that the strategic response to compound stress cannot be more of what has 

failed: the pursuit of security in each resource separately. Food self-sufficiency bought by mining 

groundwater, energy security bought with water-hungry thermal plants, water security bought with fossil-

fuelled desalination — each of these solves one security problem by worsening another, borrowing 

resilience in one resource against a hidden debt in the other two. The alternative is integration: designing 

and financing food, water, and energy systems that are jointly secure, that share buffers and infrastructure, 

and that fail gracefully rather than catastrophically. Integrated systems are built on a handful of durable 

principles — diversify sources and routes, hold buffers and storage, raise the efficiency with which each 

resource is used, exploit the synergies that let one investment serve all three securities, and cooperate across 

the borders the nexus inevitably crosses. 

There is a window in which to build such systems, and it is closing. Most of the infrastructure that will 

carry food, water, and energy to the world of 2050 — the power plants and grids, the irrigation and water 

networks, the ports and storage — has not yet been built, particularly across the fast-growing emerging 

world. That infrastructure can be designed for integrated resilience now, at the margin, or it can be built 

cheaply and narrowly and retrofitted expensively later, after the compound shocks have made the cost of 

fragility plain. The choice between those two paths is the subject of this report. 

The report proceeds as follows. Section 2 sets out the nexus and the physical couplings that bind the three 

securities. Section 3 develops the two stressors — climate and geopolitics — and the logic of compound 

stress. Section 4 uses the compound crisis of the early 2020s as a live demonstration. Section 5 maps where 

the nexus is most fragile. Section 6 makes the integration imperative concrete by showing how siloed 

security shifts hidden burdens across the nexus. Section 7 sets out five design principles for integrated 

systems, and Section 8 examines the efficiency and synergy dividend that integration unlocks. Section 9 

turns to governance across borders, and Section 10 to financing. Section 11 confronts the limits, trade-offs, 

and failure modes of the argument; Section 12 grounds it in country and regional experience; and Section 

13 concludes with an agenda. 
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2. The Nexus: How Food, Water, and Energy Are Coupled 

The claim that food, water, and energy form a single system is not a metaphor. It rests on a dense web 

of physical dependencies in which each resource is an input to the production of the others. This section 

sets out those couplings, because they are what makes a shock to one security a shock to all three, and 

what makes an investment in one an opportunity — or a threat — to the others. 

The idea of a food–energy–water nexus entered policy in a coordinated way at the 2011 Bonn conference 

convened in the run-up to the Rio+20 summit, whose background analysis argued that the three resource 

systems were so interdependent that managing any one in isolation was bound to produce unintended 

damage to the others (Hoff, Understanding the Nexus). The Food and Agriculture Organization 

subsequently built the nexus into its work on food security, defining it as the recognition that water, energy, 

and food security are "inextricably linked" and that actions in any one area commonly have effects in the 

other two (FAO, The Water–Energy–Food Nexus). The value of the framing is not that it is novel — 

engineers have always known that power plants need water and pumps need power — but that it forces the 

interdependence into view at the level where strategy is set. 

Consider the couplings one edge at a time. Water is the largest single input to food: agriculture accounts 

for roughly 70 percent of global freshwater withdrawals, the great majority of it for irrigation, according to 

the FAO and UN-Water. Where rainfall is insufficient or unreliable, food security is, in effect, water 

security by another name. Energy is the second great input to food: the global food supply chain — from 

the manufacture of nitrogen fertiliser, which is made from natural gas, through mechanised planting and 

harvesting, to processing, refrigeration, and transport — consumes on the order of 30 percent of the world's 

energy. A spike in energy prices is therefore also, with a lag, a spike in the cost of producing food, 

transmitted through the price of fertiliser and fuel. 

The couplings between water and energy run in both directions, and they are among the least appreciated 

dependencies in the whole system. The energy sector is a major consumer of water: the International Energy 

Agency estimates that energy production accounts for roughly 10 percent of global freshwater withdrawals, 

the bulk of it to cool thermal power plants — coal, gas, and nuclear stations that boil water to spin turbines 

and then need still more water to condense the steam — and to drive hydroelectric generation (IEA, 

Introduction to the water–energy nexus). Running the other way, the water sector is a significant consumer 

of energy: moving, lifting, treating, and especially desalinating water together account for several percent 

of global electricity demand, a share that rises steeply wherever water is scarce enough to require pumping 

from depth or manufacturing from the sea. Figure 1 renders the nexus as a triangle of these dependencies. 
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Figure 1. The food–water–energy nexus. Water and energy are each indispensable inputs to the other and to food; a shock 

to any vertex propagates to the other two, and a compound shock strikes several at once. 

Schematic by the author, after the food–energy–water nexus framing (Hoff 2011; FAO) and IEA analysis of the water–energy nexus. Share 
figures from FAO/UN-Water and the IEA. 

The consequence of this coupling is that a disturbance rarely stays within one system. A drought is the 

clearest example: it cuts the harvest directly by starving crops of water, cuts it again by forcing farmers to 

pump groundwater with energy they must pay for, and cuts the region's electricity supply by lowering the 

rivers and reservoirs that feed hydropower — so that the same event degrades food, water, and energy 

security simultaneously, each degradation compounding the others. A heatwave does something similar 

from the demand side, driving up the need for irrigation water and cooling electricity at the very moment 

that low river flows and high water temperatures force thermal plants to throttle back. The nexus is, in this 

sense, a machine for turning a single physical shock into a general one. 

2.1 The three securities and what threatens each 

Each of the three securities is, on its own terms, already under strain, and the strain in each is transmitted 

to the others through the couplings just described. It is worth stating each baseline plainly, because the scale 

of the existing deficits is what makes the compound stress so dangerous. On food, the FAO's State of Food 

Security and Nutrition in the World 2025 estimates that about 673 million people — 8.2 percent of humanity 

— faced hunger in 2024, and that roughly 2.6 billion could not afford a healthy diet; hunger is falling 

globally but rising across much of Africa and western Asia. On water, the UN World Water Development 

Report 2025 finds that around four billion people — half the world's population — experience severe water 
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scarcity for at least part of the year, that 25 countries are under extremely high water stress every year, and 

that 2.2 billion still lack safely managed drinking water. On energy, the IEA's World Energy Outlook 2025 

reports that some 730 million people still live without electricity and around two billion without clean 

cooking. 

These deficits are not independent problems to be solved one at a time. The hungry, the water-stressed, and 

the energy-poor are very largely the same people, in the same places, and the reason is the nexus: a 

household without reliable energy cannot pump or treat water; without water it cannot grow food or keep 

livestock; without food security it has no surplus to invest in the energy or water infrastructure that would 

break the cycle. Table 1 sets out each security, its principal inputs, its couplings to the other two, and the 

way each of the two stressors bears on it. 

Table 1. The three securities under compound stress: dependencies, couplings, and the two stressors. 

Security Principal inputs Coupling to the other two Climate stressor Geopolitical stressor 

Food Water (irrigation), energy 
(fertiliser, machinery, 
transport), land, seed 

Consumes ~70% of freshwater 
and a large share of energy; 
competes with biofuels for 
land and feedstock 

Drought, flood, heat 
and shifting seasons 
cut and destabilise 
yields 

Export bans and 
chokepoints on grain 
and fertiliser; 
concentrated exporters 

Water Energy (pumping, 
treatment, desalination), 
functioning ecosystems and 
catchments 

Indispensable to both food and 
thermal/hydro energy; its 
supply depends on energy 

Glacier melt, erratic 
rainfall, drought and 
salinisation degrade 
supply 

Transboundary rivers 
and aquifers; upstream 
control of shared 
basins 

Energy Water (cooling, 
hydropower), fuels, and — 
for the transition — critical 
minerals 

Needed to produce, move and 
treat water and to grow and 
process food 

Low flows and high 
temperatures curb 
thermal and hydro 
output; extremes hit 
grids 

Fuel embargoes, 
pipeline and shipping-
lane coercion, mineral 
export controls 

Illustrative synthesis. Share figures from FAO, UN-Water and the IEA; see Sections 2–3 for sources. 
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3. Compound Stress: When Climate Meets Geopolitics 

A coupled system is vulnerable to any shock that strikes it. What makes the present moment distinctive is 

that the nexus is being struck by two different kinds of shock at once — one that degrades the physical 

resource base and one that severs the trade channels that would otherwise compensate — and that these 

two kinds of shock have begun to arrive together. This section develops the two stressors and the logic 

of their compounding. 

The first stressor, climate, attacks the nexus at its physical root. Its signature is that it degrades supply and 

raises demand simultaneously, and that it does so across all three resources through a common set of 

mechanisms. Higher temperatures increase evaporation and crop water demand while shrinking the 

snowpack and glaciers that regulate river flow — the UN World Water Development Report 2025 devotes 

itself to precisely this theme, warning that the world's mountain "water towers" are melting faster than ever 

and making the water cycle more extreme. More frequent and intense droughts and floods destabilise 

harvests directly and destroy the infrastructure — dams, canals, grids, roads — through which food, water, 

and energy move. And because these mechanisms operate on the shared inputs of the nexus, a single 

climatic event tends to strike more than one security at once. The Intergovernmental Panel on Climate 

Change documents, in its Sixth Assessment, the mounting and interacting risks that climate change poses 

to food, water, and energy systems together. 

The scale of climate's assault on infrastructure is already measurable. The World Meteorological 

Organization's Atlas of Mortality and Economic Losses, covering 1970–2021, records a roughly fivefold 

rise in reported weather, climate, and water disasters and a sevenfold rise in reported economic losses over 

the half-century, cumulating to some US$4.3 trillion. The Atlas also carries the era's most important piece 

of good news — that reported deaths fell sharply even as events multiplied, because early warning and 

preparedness improved — which is the first hint of this report's constructive argument: the damage a shock 

does is not fixed by the hazard, but is very largely a matter of how the exposed systems are built. 

The second stressor, geopolitics, attacks the nexus at its trade channels. For decades the standard 

prescription for resource insecurity was to trade for what one lacked, and the prescription worked because 

world markets in grain, fuel, and fertiliser were deep, liquid, and reasonably insulated from politics. That 

insulation has eroded. Production and export of the nexus commodities are strikingly concentrated: a 

handful of countries dominate the export of wheat, of the natural gas from which nitrogen fertiliser is made, 

of the oil and gas that power the world, and of the critical minerals on which the clean-energy transition 

depends. Concentration turns trade from a shock-absorber into a transmission line, because a decision by 

one exporter — an embargo, an export ban, a blockade, a sanction — can remove a large share of world 

supply at a stroke, with no lead time. Where climate degrades the resource base slowly and with warning, 

geopolitics can sever access to substitutes overnight. 

Figure 2 arranges these two stressors on a pair of axes and yields a simple typology of the conditions a 

country's nexus can face. Low climate and low geopolitical stress is the benign world of the late twentieth 

century, in which resources were abundant and freely traded and the couplings could be ignored. High 

climate but low geopolitical stress is a world of physical shocks — droughts and floods degrading the 

resource base, but open markets available to compensate. Low climate but high geopolitical stress is a world 

of supply shocks — embargoes and chokepoints severing trade, but a stable physical base to fall back on. 
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The dangerous quadrant is the fourth, where both stressors are high and strike together: compound stress, 

in which the resource base is failing at the very moment the channels to compensate for it are being cut. 

 

Figure 2. A typology of compound stress. The nexus is dangerous not when either stressor is high but when both strike 

together — the compound-stress quadrant, toward which the trajectory of the 2020s has run. 

Schematic by the author. The characterisation of the risk landscape draws on the World Economic Forum Global Risks Report 2026. 

The claim of this report is that the world's nexus has been moving up the diagonal of Figure 2, toward the 

compound-stress quadrant, and that this movement is the defining feature of the present moment. The two 

stressors are not merely coincident; they interact. Climate stress raises the geopolitical temperature — over 

water shared across borders, over the minerals needed to decarbonise, over the migration that failed harvests 

set in motion — while geopolitical stress hampers the cooperation that managing a changing climate 

requires. A drought that tightens the world grain market makes an export ban more tempting and more 

damaging; an energy shock that raises fertiliser prices makes the next harvest more fragile in the face of the 

next drought. The compounding is not additive but multiplicative, and it is why the nexus under compound 

stress is a harder problem than the sum of its parts. 

3.1 Compounding, cascading, and the erosion of buffers 

Compound stress does its damage through three distinct dynamics, each of which raises the premium on 

integrated resilience. The first is coincidence: a climatic and a geopolitical shock landing on the same 

resource at the same time — a drought and an export ban both hitting the wheat market — so that defences 

calibrated to one are overwhelmed by two. The second is cascade: because the resources are coupled, a 
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shock to one propagates to the others, so that an energy embargo becomes a fertiliser shortage becomes a 

poor harvest becomes a food-price crisis, each step in a different security than the last. The third, and most 

insidious, is depletion: each shock consumes the buffers — the reserves, the fiscal space, the goodwill — 

that would have absorbed the next, so that a system emerges from one compound shock less able to meet 

the following one. The serial erosion of buffers is why compound stress is not a series of separate 

emergencies but a single, accumulating condition. 
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4. The Live Demonstration: The Compound Crisis of the 2020s 

The argument of the previous section is not a forecast. It describes something that has already happened. 

Between 2020 and 2023 the world ran a full-scale, unplanned experiment in compound nexus stress, and 

the results are the best available evidence for how the coupled system behaves when it is struck from 

several directions at once. 

The sequence began with a pandemic that was, on its face, a health shock, but that transmitted almost 

immediately into the nexus. Lockdowns and border closures snarled the supply chains that move food, fuel, 

and inputs; labour shortages left crops unharvested and processing plants idle; and the enormous fiscal and 

monetary response, colliding with constrained supply, set off the first broad inflation in a generation. The 

health shock had become, within months, a food-and-energy-price shock — a cascade across coupled 

systems of exactly the kind Section 3 describes. 

Onto this already-stressed system fell a second, geopolitical shock. The 2022 invasion of Ukraine struck 

directly at the most concentrated nodes of the nexus. Russia and Ukraine together supplied close to a third 

of the world's wheat exports, about a fifth of its maize, and some 80 percent of its sunflower oil; Russia 

alone accounted for around 18 percent of wheat and roughly 14 percent of fertiliser exports, and was a 

dominant supplier of the natural gas from which nitrogen fertiliser is made. The war and the sanctions and 

blockades around it removed a large share of this supply from the market at once. The World Bank warned 

at the time that the world faced its biggest commodity-price shock since the 1970s, spanning food and 

energy together. 

The nexus couplings then did their work. The energy shock became a food shock twice over: once directly, 

through the fuel that powers farming and freight, and again through fertiliser, whose price rose by nearly 

200 percent between mid-2020 and the end of 2022 as natural gas — its feedstock and fuel — became 

scarce and dear (Federal Reserve Bank of St. Louis, The Russia–Ukraine War's Impact on Fertilizer Prices). 

Farmers across the developing world responded to unaffordable fertiliser by using less of it, seeding the 

risk of weaker harvests in following seasons — a shock in the energy system propagating, with a lag, into 

future food security. Meanwhile the interest-rate rises deployed to fight the inflation triggered a third-order 

crisis, as debt-servicing costs climbed for the import-dependent economies least able to bear them. 

The United Nations' crisis-response group estimated that around 1.7 billion people across 107 economies 

were exposed to at least one dimension of the resulting crisis in food, energy, and finance, and that a large 

subset were exposed to all three at once (UN Global Crisis Response Group, Global Impact of the War in 

Ukraine). The countries that suffered most were precisely those in the compound-exposure zone: import-

dependent for both food and energy, thin on fiscal buffers, and — in many cases — already stressed by 

drought. The countries that came through best were those with diversified sources, strategic reserves, 

functioning social-protection systems that could be scaled up quickly, and, increasingly, domestic 

renewable energy that insulated them from the fuel-price spike. 

That last point deserves emphasis, because it is the hinge of the constructive argument. The economies that 

had invested in domestic renewable generation found that a share of their energy — and, through the nexus, 

of their food and water security — was simply immune to the geopolitical shock, because sunlight and wind 

cannot be embargoed and carry no fuel price to spike. The International Renewable Energy Agency has 

made this the centre of a redefinition of energy security itself, arguing that the crisis "exposed the 
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vulnerabilities of fossil fuel-based energy systems" and that resilience is now better measured in installed 

renewable capacity than in barrels of imported oil (IRENA, Geopolitics of the Energy Transition: Energy 

Security). The compound crisis of the 2020s, in other words, did not only demonstrate the danger; it also 

began to demonstrate the cure. 
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5. Mapping the Exposure: Where the Nexus Is Most Fragile 

Compound stress does not fall evenly. Its incidence is governed by two things: how heavily a country's 

resource base is exposed to climate and water stress, and how heavily the country relies on imports — 

of food and of energy — to meet its needs. Where both are high, the two stressors have the clearest path 

to strike together. This section maps that exposure and identifies where the nexus is most fragile. 

The logic of the map follows directly from the two-stressor framework. A country whose own land, rivers, 

and aquifers are heavily stressed by a changing climate is exposed to physical shocks it cannot fully control. 

A country that relies on imports to feed its people or power its economy is exposed to supply shocks 

originating far beyond its borders. A country that is both — physically stressed and import-dependent — 

sits in the compound-exposure zone, where a drought at home can coincide with an export ban abroad and 

there is little domestic slack to absorb either. Figure 3 arranges the world's major regions on these two axes. 

 

Figure 3. The compound-exposure map. Regions combining heavy reliance on imported food and energy with a resource 

base under acute climate and water stress sit in the compound-exposure zone, where the two stressors have the clearest 

path to strike together. 

Schematic by the author; regional positions are stylised, drawing on FAO, UN-Water, IEA and IPCC assessments of food-import dependence, 
water stress and energy access. 

The clearest occupants of the compound-exposure zone are the arid, import-dependent economies of the 

Middle East and North Africa. The region imports a very large share of its food — it is among the most 

cereal-import-dependent in the world — precisely because it lacks the water to grow it, and much of it has 

historically been dependent on imported fuel or, for the exporters, on a single export whose revenue buys 
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everything else. A drought that raises world grain prices, a chokepoint that interrupts a shipping lane, an 

export ban that removes a supplier: any of these strikes a region with little domestic slack in any of the three 

resources. Small island developing states occupy an analogous position for different reasons — importing 

most of their food and fuel across long and fragile supply lines while facing acute climate exposure to sea-

level rise, storms, and freshwater scarcity. 

South Asia sits high on the climate-and-water axis for a different reason: not import dependence but the 

physical over-extension of its own resource base. The region has achieved a large measure of food self-

sufficiency, but has done so in part by drawing down groundwater and leaning on subsidised energy in 

ways that Section 6 will show to be a form of borrowed security. Sub-Saharan Africa faces the widest 

deficits across all three resources at once — the largest shares of population without electricity, clean 

cooking, safely managed water, or food security — combined with high climate exposure and, in many 

countries, thin institutions and fiscal space to respond. These are different fragilities with a common feature: 

in each, the two stressors have a clear path to the same households at the same time. 

The advanced economies sit, for now, in the more comfortable quadrants — diversified in their sources, 

deep in their buffers, and rich enough to outbid others for scarce supply in a crisis. But the map is not static, 

and no region is permanently safe. Climate stress is rising everywhere, including in the breadbaskets of the 

temperate world; geopolitical fragmentation raises the risk premium on trade for everyone; and the 

couplings mean that a severe enough shock to any major node — a failure of a critical mineral supply chain, 

a simultaneous drought in several major grain exporters — would transmit through the world market to 

importers and exporters alike. The map identifies where compound stress will bite first and hardest; it does 

not identify anywhere that is exempt. 
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6. The Integration Imperative: Why Security Pursued in Silos 

Fails 

Faced with insecurity in food, water, or energy, the instinctive response of a state is to attack the visible 

problem directly and in isolation — to secure the resource that is short. This section argues that in a 

coupled system this instinct is not merely insufficient but actively dangerous, because a fix aimed at one 

resource routinely imposes hidden costs on the other two. The failure of siloed security is the negative 

case for integration. 

The mechanism is straightforward once the couplings of Section 2 are taken seriously. Because each 

resource is an input to the others, any policy that increases the supply or lowers the price of one resource 

changes the demand for, or the availability of, the others. If the change is ignored — as it is whenever a 

resource is managed in isolation — the policy will tend to shift the burden onto the coupled systems, where 

it accumulates unpriced and unmanaged until it surfaces as a crisis of its own. The most consequential 

failures of resource policy in recent decades share this structure: they are not failures to solve the targeted 

problem, but successes at solving it that created larger problems next door. 

Consider the pursuit of food security through subsidised energy for irrigation — the policy that underwrote 

much of the developing world's twentieth-century gains in food production. Cheap or free electricity for 

pumping allowed farmers to tap groundwater at will, and harvests rose. But the same policy, by making 

water effectively costless to extract, drove the mining of aquifers far beyond their rate of recharge. The 

Indian state of Punjab is the textbook case: subsidised power drives some 79 percent of the state's irrigation 

from groundwater, and the aquifer beneath it is now among the most over-exploited in the world, with water 

tables falling by metres and projections that they could drop below reach within a generation (see, e.g., the 

Indian government's analysis of groundwater depletion and reporting from Punjab). A food-security policy, 

pursued in a silo, has manufactured a water-security crisis and an energy-subsidy burden that now threaten 

the very food security it was meant to secure. 

The same structure appears when energy security is pursued in isolation. A country that meets its power 

needs with water-cooled thermal plants secures electricity at the cost of committing scarce water to cooling 

— water that must then be found for food and drinking, and that vanishes precisely during the droughts and 

heatwaves when both power and water are most needed. A country that pursues energy independence 

through first-generation biofuels secures a domestic fuel at the cost of diverting land, water, and crops from 

the food supply, tightening the food market and raising prices for the poor. In each case the energy problem 

is solved and a water or food problem is created. And the pursuit of water security can be just as burden-

shifting in reverse: meeting a water deficit with energy-intensive seawater desalination secures the water 

but adds a large, permanent load to the energy system — and, where that energy is fossil-fuelled, worsens 

the climate stressor that drove the water scarcity in the first place. 

Figure 4 renders this common structure. Each siloed fix succeeds on its own terms — it secures its target 

resource — while imposing costs on the other two, costs that are invisible in the ministry that made the 

decision because they fall in someone else's budget and someone else's system. The figure is the negative 

image of the report's thesis: it is what integration is for. A policy designed with the whole nexus in view 

would weigh the spillover costs against the targeted benefit, and would prefer the interventions — the 

subject of Sections 7 and 8 — that strengthen all three securities at once rather than robbing two to pay one. 
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Figure 4. Burden-shifting under siloed security. Each single-resource fix secures its own target while eroding the other 

two — the hidden cost, invisible in the responsible ministry's own budget, of managing a coupled system in silos. 

Schematic by the author. Examples draw on the groundwater-depletion, thermal-cooling, biofuel and desalination literatures cited in Sections 2, 6 
and 11. 

This is the phenomenon that the adaptation literature calls maladaptation: an action taken to reduce one risk 

that increases risk elsewhere. In the nexus, maladaptation is not an occasional error but the default outcome 

of siloed decision-making, because the coupled structure of the system guarantees that isolated 

interventions will have cross-system effects. The only reliable defence is to internalise the couplings — to 

make the water cost of an energy decision, and the energy cost of a water decision, and the food cost of 

both, visible to the decision-maker and priced into the choice. That is what integrated resource governance 

means in practice, and it is why the integration imperative is not a slogan but a design requirement for any 

system that must survive compound stress. 

6.1 From burden-shifting to double-duty 

The positive corollary of the burden-shifting problem is the double-duty opportunity. If managing the 

resources in isolation tends to create hidden costs across the nexus, then managing them together tends to 

create hidden benefits: an investment chosen with the whole system in view can strengthen two or three 

securities with a single outlay. Solar-powered drip irrigation is the emblematic case — it delivers water to 

crops (food), does so with radically less water than flood irrigation (water), runs on sunlight rather than 

subsidised grid power or diesel (energy), and cuts emissions (climate) — a single intervention with a 

positive effect on every axis of Figure 4. The remainder of the report is, in large part, an argument for 
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organising resource policy around such double-duty investments and against the burden-shifting silos that 

Figure 4 depicts. 
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7. Design Principles for Integrated Security 

If siloed security fails, what does integrated security look like in practice? This section sets out five 

design principles that recur across successful attempts to build food, water, and energy systems capable 

of withstanding compound stress. They are not a menu from which to choose one; they are complements, 

and the systems that prove most resilient tend to embody all five at once. 

The five principles follow from the nature of the threat. Compound stress is dangerous because it can sever 

any single source (arguing for diversification), because it can arrive suddenly and without warning (arguing 

for buffers), because it strains a resource base that is finite (arguing for efficiency), because it strikes a 

coupled system in which one investment can serve several ends (arguing for synergy), and because it crosses 

the borders within which any single government must act (arguing for cooperation). Table 2 sets out the 

five principles, what each does, and the securities each strengthens. 

Table 2. Five design principles for integrated resource security under compound stress. 

Principle What it does Example interventions Securities strengthened 

Diversify sources & 
routes 

Removes single points of failure 
so no one shock — physical or 
geopolitical — can sever supply 

Multiple suppliers and trade 
routes; a mix of generation 
types; several water sources 

Food, water, energy 

Hold buffers & 
storage 

Absorbs sudden shocks by 
decoupling supply from demand 
in time 

Strategic grain reserves; 
reservoir and aquifer storage; 
grid-scale batteries 

Food, water, energy 

Raise efficiency Does more with less of each 
resource, easing the pressure the 
couplings transmit 

Drip and precision irrigation; 
efficient appliances and grids; 
loss reduction 

Food, water, energy 

Exploit nexus 
synergies 

Chooses double-duty investments 
that strengthen several securities 
at once 

Solar-powered irrigation; 
renewables-driven desalination; 
wastewater reuse 

Food, water, energy, 
climate 

Cooperate & govern 
across borders 

Manages shared basins, markets 
and supply chains so competition 
does not become crisis 

Transboundary water treaties; 
open-trade commitments; pooled 
reserves and minerals 

Food, water, energy 

The five principles are complements, not alternatives; resilient systems tend to embody all five at once. 

Diversification is the first line of defence against a system whose danger is concentration. A country that 

draws its energy from several sources, its food from several suppliers and its own fields, and its water from 

several catchments and technologies cannot be brought down by a single failure — the drought that empties 

one reservoir, the embargo that removes one supplier, the outage that fells one plant. Singapore's water 

strategy, discussed in Section 12, is the exemplar: by deliberately building "four national taps" — local 

catchment, imported water, recycled water, and desalination — the city-state ensured that no single failure 

could leave it dry. Diversification is expensive in normal times, because redundancy always is; its value 

shows up only in the crisis it prevents, which is precisely why siloed, cost-minimising planning tends to 

under-provide it. 

Buffers are the second line of defence, and they address the specific danger of sudden shocks. A strategic 

grain reserve, a full reservoir, an aquifer managed for storage, a fleet of grid batteries — each decouples 

supply from demand in time, allowing a system to keep functioning through the weeks or months when a 
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shock has interrupted its normal source. The compound crisis of the 2020s was, in large part, a story of 

buffers: the countries that held reserves and could scale up social protection rode out the price spikes, while 

those that had run their systems lean for efficiency found themselves exposed. Buffers, like diversification, 

are a cost in calm times and a lifeline in a storm, and the serial depletion of buffers described in Section 3 

is one of the central dangers of compound stress. 

The third, fourth, and fifth principles — efficiency, synergy, and cooperation — are important enough, and 

central enough to the constructive argument, to warrant fuller treatment. Efficiency and synergy are the 

subject of Section 8, because together they are the mechanism by which integration turns from a constraint 

into a dividend: the way a coupled system, managed as a whole, can be made to deliver more security from 

less resource. Cooperation across borders is the subject of Section 9, because the nexus does not respect 

national boundaries — rivers and aquifers are shared, food and energy and minerals move through a global 

market, and no single government controls the system on which its own security depends. 
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8. The Efficiency and Synergy Dividend: Doing More With Less 

The deepest reason to manage the nexus as an integrated whole is not defensive but productive. Because 

the three resources are coupled, an intervention that raises the efficiency of one, or that exploits a 

synergy between them, can strengthen several securities at once — turning the interdependence that 

makes the system fragile into a lever that makes it resilient. This section develops that dividend, which is 

the positive core of the report's argument. 

Start with efficiency, because it is the least glamorous and most powerful of the levers. Every unit of water 

saved in agriculture is a unit that need not be pumped (saving energy) and that remains available for other 

uses (easing water stress); every unit of energy saved is water not withdrawn for cooling and fuel not 

imported; every reduction in food loss is a saving of all the water and energy embodied in the food that is 

now not wasted. Because the couplings transmit these savings across the system, efficiency in any one 

resource relieves pressure on all three. This is why efficiency is the first move in every serious nexus 

strategy: it is the only intervention that expands all three securities at once without requiring new primary 

supply of any of them. 

The quantitative importance of efficiency is best seen against the demand growth the emerging world faces. 

As populations grow, incomes rise, and diets and economies become more resource-intensive, demand for 

food, water, and energy services is set to climb steeply to 2050. If resource use rises in step with demand 

— the business-as-usual path — the pressure on a resource base already stressed by climate becomes 

unmanageable. But resource use need not rise in step with demand: with aggressive efficiency and 

integration, the resource intensity of each service can fall fast enough that aggregate resource use flattens 

or even declines while the services delivered keep growing. Figure 5 renders this decoupling, and the wedge 

between the two resource-use paths — the efficiency dividend — is the single largest source of slack 

available to a nexus under compound stress. 
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Figure 5. The efficiency dividend. As demand for food, water and energy services rises to 2050, business-as-usual 

resource use rises with it; efficient, integrated systems decouple resource use from services, and the wedge between the 

two paths is slack the nexus can use to absorb compound stress. 

Illustrative schematic by the author, indexed to 2025, depicting the decoupling logic; magnitudes are stylised, not projections. 

Synergy is the second and complementary lever. Where efficiency does more with less of a given resource, 

synergy exploits the couplings so that a single investment serves several securities directly. The clearest 

cases sit at the junctions of the nexus triangle. Solar-powered irrigation places generation where the water 

demand is, cutting both the energy cost of pumping and the exposure to fuel prices while enabling the 

reliable watering that raises yields. Renewables-driven desalination and water treatment turn the water 

sector's large energy appetite from a liability into an opportunity, using cheap solar electricity — whose 

cost has fallen by roughly 90 percent over the past decade — to manufacture freshwater without the fuel 

bill or the emissions of the fossil-powered alternative (IRENA, Moving from Energy Crisis to Energy 

Security with Renewables). Wastewater treatment and reuse recovers water, and often energy and nutrients, 

from a stream that would otherwise be a disposal problem. Each of these is a double- or triple-duty 

investment of the kind Section 6 commended. 

Figure 6 puts the siloed and the integrated interventions side by side, scoring each against the three securities 

and against climate resilience. The pattern is the whole argument in one image. The siloed fixes of Section 

6 — subsidised groundwater irrigation, water-cooled thermal power, first-generation biofuels, large 

conventional dams — each show a column of benefit shadowed by columns of harm, the burden-shifting 

of Figure 4 made explicit. The integrated interventions — solar-powered drip irrigation, renewables with 

storage, efficiency, wastewater reuse, regional grids and trade — show green across the board, 

strengthening several securities at once and harming none. Integration is not a compromise between the 

three securities; it is the discovery that, chosen well, they can be advanced together. 
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Figure 6. Co-benefits and co-burdens across the nexus. Siloed fixes (top) secure one resource while weakening others; 

integrated interventions (bottom) strengthen several securities at once and harm none. The contrast is the case for 

integration in a single image. 

Assessment by the author, synthesising the water–energy–food nexus literature (FAO; IEA; IRENA) and the intervention-specific sources cited in 
Sections 6, 8 and 11. Directional, not quantitative. 

Two cautions keep the dividend honest, and both are developed in Section 11. First, efficiency can rebound: 

making a resource cheaper to use per unit can, by lowering its effective price, increase total use — the 

reason solar-powered irrigation, if handed to farmers over a stressed aquifer with no limit on withdrawals, 

can accelerate depletion rather than relieve it. Efficiency and synergy deliver their dividend only within a 

governance frame that caps the total draw on the underlying resource. Second, no synergy is universally 

benign; large dams, for instance, can serve energy and irrigation while devastating downstream water 

security and ecosystems, which is why Figure 6 scores them mixed rather than green. The dividend is real 

and large, but it is a dividend on integrated management, not a property of any technology in isolation. 
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9. Governance: Managing the Nexus Across Borders 

No government controls the system on which its own resource security depends. Rivers and aquifers are 

shared across borders; food, fuel, and minerals move through a global market and a handful of 

chokepoints; the climate that governs all three is a global commons. Integrated resilience therefore 

requires not only the right investments but the right institutions — within states to break down the silos, 

and between them to manage what no state controls alone. 

Begin within the state, because that is where the silos of Section 6 live. The burden-shifting problem is, at 

root, an institutional problem: ministries of agriculture, water, and energy each optimise their own resource, 

and no one owns the couplings between them. Breaking down these silos requires mechanisms that force 

cross-system effects into view before decisions are made — nexus-aware planning that prices the water 

cost of an energy project and the energy cost of a water project, budgets that credit an investment for the 

several securities it serves, and, in some countries, coordinating bodies with the authority to arbitrate 

between the three. The details vary, but the principle is constant: a coupled system cannot be governed well 

by institutions organised as though it were three separate ones. 

Between states, the first great domain of nexus governance is shared water. Some of the world's most 

consequential nexus tensions arise where a river crosses a border and one country's energy or food 

ambitions collide with another's water security. The Grand Ethiopian Renaissance Dam on the Blue Nile is 

the emblematic case: a project that offers Ethiopia transformative energy security through hydropower, and 

downstream Egypt and Sudan an existential question about the water on which they wholly depend. Such 

cases cannot be resolved by either party acting alone; they require the hard, slow work of transboundary 

agreement — treaties, joint management bodies, data-sharing, and rules for filling and operating shared 

infrastructure in drought. Where that cooperation exists, a shared river is a shared asset; where it fails, it 

becomes a flashpoint at which climate stress and geopolitical stress meet. 

The second domain is trade. The lesson of Section 4 is not that trade is dangerous and self-sufficiency safe 

— self-sufficiency pursued in a silo produced the Punjab aquifer crisis — but that trade is a shock-absorber 

only if it stays open under stress, and that it tends to seize up exactly when it is most needed, as exporters 

ban exports to protect their own consumers and importers scramble for cover. The export-restriction spiral 

of 2022, in which one country's ban raised prices and provoked the next, is the characteristic failure mode. 

Governing this requires commitments, negotiated in calm times and honoured in crises, to keep trade in 

nexus commodities flowing — disciplines on export bans, transparency about stocks, humanitarian carve-

outs, and pooled or regional reserves that give importers an alternative to panic. An open, rules-based 

market in food and energy is itself a piece of resilience infrastructure, and its erosion is one of the ways the 

geopolitical stressor bites. 

The third domain is the new geopolitics of the energy transition itself. Decarbonisation is the surest long-

run route out of the compound-stress trap — it attacks the climate stressor at its root and, by substituting 

domestic renewables for imported fuel, drains the geopolitical stressor of much of its power. But the 

transition creates a nexus vulnerability of its own, in the critical minerals on which clean-energy technology 

depends. The IEA's Global Critical Minerals Outlook 2025 finds that a single country is the leading refiner 

for 19 of 20 strategic minerals, with an average market share around 70 percent, and that the concentration 

of refining has risen, not fallen, in recent years; a wave of export controls has followed. The minerals 
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bottleneck is the old oil-and-gas insecurity in new clothes, and managing it — through diversified supply, 

recycling, substitution, and strategic stockpiles — is now part of governing the nexus. 

Across all three domains, the deep point is the same. The nexus under compound stress is a systemic 

problem, and systemic problems are not solved by the sum of well-meaning national policies pursued in 

isolation. They require cooperation at the scale of the system — over shared basins, over open markets, 

over the minerals and technologies of the transition, and over the climate that governs everything. That 

cooperation is harder to secure in an "age of competition" than it was a decade ago, which is precisely why 

it belongs at the centre of any serious strategy for integrated resource security rather than being left as an 

afterthought. 
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10. Financing Integrated Resource Security 

The investments that build integrated resilience — diversified generation, storage, efficient irrigation, 

renewables-driven desalination, resilient grids and water networks — are largely upfront, long-lived, 

and concentrated in exactly the countries least able to finance them cheaply. Financing is therefore not 

a footnote to the strategy but one of its binding constraints, and this section sets out the gap and how to 

close it. 

The scale of the shortfall is best conveyed through the adaptation-finance gap, which captures the resilient-

infrastructure investments at the heart of the nexus agenda. The UN Environment Programme's Adaptation 

Gap Report estimates developing-country needs for adaptation and resilient infrastructure at roughly 

US$215–387 billion a year this decade, against international public flows of about US$28 billion — a gap 

of eight- to fourteen-fold, shown in Figure 7. Water and agriculture, the most climate-exposed corners of 

the nexus, are chronically under-funded within even this inadequate total, and the water sector faces its own 

well-documented financing gap against the Sustainable Development Goal for universal water and 

sanitation. The money required to build resilient nexus systems is large; the money currently flowing is a 

fraction of it. 

 

Figure 7. The financing gap for resilient resource systems. Estimated annual needs for adaptation and resilient 

infrastructure across the developing world dwarf actual international public adaptation-finance flows — an eight- to 

fourteen-fold gap. 

UNEP Adaptation Gap Report (needs of roughly US$215–387bn per year; international public adaptation finance of about US$28bn). Chart by 
the author. 

The gap is not, however, a shortage of underlying value. The returns to building integrated resource security 

are exceptional. Efficiency investments pay for themselves in the resources they save; renewables now 

undercut fossil alternatives across most of the world, with more than 85 percent of newly added renewable 

capacity cheaper than the fossil option and record additions of nearly 700 gigawatts in 2025 (IRENA); 

early-warning systems and resilient infrastructure return several dollars for every dollar invested by averting 

losses that would otherwise have to be paid for after the fact. The problem is not that the investments are 
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unprofitable but that the profits are diffuse, deferred, and spread across the several securities the investment 

strengthens — so that no single ministry's budget captures enough of the return to justify the outlay, even 

when the return to the system as a whole is large. This is the same appraisal failure that Section 6 diagnosed, 

now on the financing side: the couplings that make integrated investment valuable also make its value hard 

to capture in a siloed budget. 

Closing the gap therefore has two parts. The first is to fix the appraisal: to value integrated investments at 

their full, cross-system return, so that the water saved, the energy secured, the emissions avoided, and the 

disaster averted are all counted, and the double-duty investments of Section 8 are chosen over the burden-

shifting alternatives of Section 6. The second is to lower the cost of capital, which falls most heavily on the 

emerging economies where the need is greatest — a risk premium of several hundred basis points that 

makes the same solar array or the same efficient irrigation scheme far more expensive to finance in Lagos 

or Dhaka than in Frankfurt. Blended finance that uses public money to absorb early-mover risk, reform of 

the multilateral development banks to expand their lending for resilient infrastructure, and instruments that 

de-risk private investment in nexus projects are the tools; the objective is to make the capital that resilient 

systems require available where and when it is needed, at a price that reflects their true value rather than 

their perceived risk. 
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11. Limits, Trade-offs, and Failure Modes 

Integration is a powerful organising principle, but it is not a panacea, and a report that presented it as 

one would be less useful than one that marked its limits honestly. This section sets out the trade-offs the 

strategy cannot dissolve, the failure modes to which integrated interventions are themselves prone, and 

the boundaries of what better management of the nexus can achieve. 

The first limit is the rebound effect, and it haunts the efficiency dividend at the heart of the argument. 

Making a resource cheaper to use per unit lowers its effective price, and a lower price can raise total demand 

enough to erase, or even reverse, the resource saving — the phenomenon economists have known since 

Jevons. In the nexus it is most dangerous where efficiency meets an open-access resource: solar-powered 

irrigation, hailed above as a triple-duty investment, becomes a mechanism for accelerated aquifer depletion 

if it is handed to farmers over a stressed groundwater basin with no cap on withdrawals, because it removes 

the energy cost that was the only thing restraining extraction (see, e.g., research on solar irrigation as a 

curse for vulnerable basins). Efficiency and synergy deliver their dividend only inside a governance frame 

that limits the total draw on the underlying resource; without that frame, they can make things worse. 

The second limit is that the synergies are not universal, and some celebrated nexus solutions carry heavy 

costs of their own. Large hydropower dams secure energy and can enable irrigation, but they can also 

devastate the downstream water security, fisheries, and ecosystems on which other people depend, and their 

output is itself increasingly hostage to the droughts a changing climate brings. Desalination secures water 

but produces a hypersaline brine whose disposal damages marine ecosystems, and even solar-powered 

desalination remains energy- and capital-intensive and geographically confined to coasts. First-generation 

biofuels pit fuel against food. The lesson is not to abandon these technologies but to refuse the assumption 

that any of them is benign by nature; each must be assessed for its full effect across the nexus, which is 

exactly what integrated appraisal is for. 

The third limit is political and institutional. Integration asks ministries that have optimised their own 

resource for decades to subordinate that optimisation to a system-level objective, to share authority and 

budgets, and to price effects that fall outside their mandate — and it asks states locked in geopolitical 

competition to cooperate over shared rivers, open markets, and critical minerals. These are heavy asks, and 

the record of nexus governance is littered with coordinating bodies that existed on paper and treaties that 

failed under stress. The report's framework identifies what integrated governance would require; it does not 

pretend that the requirement is easily met, and the honest assessment is that the institutional barrier, not the 

technical one, is what most often defeats integration in practice. 

The fourth limit is distributional. A more secure nexus is not automatically a more equitable one. The 

benefits of efficient irrigation, reliable power, and manufactured water can accrue to those already able to 

invest, while the costs — a depleted aquifer, a dammed river, a diverted harvest — fall on the poor, the 

downstream, and the politically weak. Subsidies intended to spread access, as the Punjab case shows, can 

entrench inequity even as they deplete the resource. Integrated resource security is worth building only if it 

is built for the water-stressed, the energy-poor, and the food-insecure who are its supposed beneficiaries, 

and that requires attention to who gains and who pays that no amount of clever nexus engineering supplies 

on its own. 
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The final limit is the largest: better management of the nexus is necessary but not sufficient against the 

stressors themselves. Integrated systems can make a given level of compound stress survivable; they cannot 

hold the stress constant. If climate change is allowed to run to the high end of its range, the physical assault 

on the resource base will eventually exceed what any feasible integration can absorb, just as a sufficiently 

complete geopolitical fragmentation would sever trade beyond what any diversification could compensate. 

Adaptation of the nexus must therefore be paired with mitigation of the climate stressor and with the 

preservation of an open, cooperative international order — the two things that keep the stress within the 

range that integration can manage. Integrated resource security buys time and resilience; it does not exempt 

the world from the harder work of keeping the stressors themselves in bounds. 
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12. Country and Regional Experience 

The argument of this report is abstract, but its evidence is concrete. Countries have already run 

experiments in both directions — in siloed security that shifted hidden burdens across the nexus, and in 

integrated security that turned the couplings to advantage. This section grounds the framework in six 

cases, chosen to span the full range from cautionary failure to instructive success. 

The clearest cautionary tale is the one developed in Section 6: the pursuit of Indian food self-sufficiency 

through subsidised power for groundwater irrigation. It worked, on its own terms and for decades, turning 

Punjab into the country's breadbasket. But by managing food in a silo — pricing neither the water nor the 

energy that fed the harvest — it manufactured one of the world's most severe aquifer-depletion crises and 

an energy-subsidy burden that now weighs on the state's finances and its future food security alike. It is the 

textbook illustration of burden-shifting, and of why a security bought in one resource without regard to the 

others is a security borrowed against a hidden debt. 

At the other end of the range sit the water strategies of Israel and Singapore, two water-scarce economies 

that achieved water security by integration rather than isolation. Israel combined world-leading efficiency 

(the drip irrigation it pioneered), the systematic reuse of treated wastewater at rates unmatched anywhere, 

and large-scale desalination, knitting the three into a single national water system that made an arid country 

a net exporter of agricultural technology. Singapore built its "four national taps" — local catchment, 

imported water, high-grade reclaimed water, and desalination — as a deliberate diversification against any 

single failure. Both bought their water security partly with energy, and both must manage that coupling; 

but both did so consciously, as an integrated system, rather than shifting the burden blindly. 

Morocco illustrates integration on the energy side of the nexus. Once almost wholly dependent on imported 

fuel, it invested heavily in solar and wind, cutting its exposure to the fuel-price and geopolitical shocks that 

battered its neighbours in the 2020s, and is now pairing that renewable base with solar-powered desalination 

to relieve the water stress that constrains its agriculture — an attempt to run the whole nexus on domestic 

sunlight. The Gulf states are running a related experiment under harder constraints: acutely water-scarce 

and heavily food-importing, they are pivoting their vast, historically fossil-fuelled desalination toward solar 

power, using cheap sunlight to manufacture the water their populations depend on while diversifying the 

food supply they cannot grow. 

The Grand Ethiopian Renaissance Dam supplies the cross-border case. It offers Ethiopia a transformative 

gain in energy security through hydropower on the Blue Nile, and it confronts downstream Egypt and Sudan 

with a question about the water on which they wholly depend — a single project in which one country's 

energy security and another's water security are directly coupled across a border. Its long, contested 

negotiation is a study in how nexus tensions cannot be resolved by any party alone, and in how the absence 

of the cooperative governance urged in Section 9 turns a shared asset into a flashpoint. Table 3 summarises 

the six cases, the compound stress each faced, the response, and the lesson. 
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Table 3. Integrated resource security in practice: six cases across the range from cautionary failure to instructive 

success. 

Case Compound stress faced Response Lesson 

Punjab, India Food-self-sufficiency pressure 
on a finite aquifer and 
subsidised grid 

Free power for groundwater 
irrigation, managed in a food silo 

Burden-shifting: food security 
bought by manufacturing a 
water and energy crisis 

Israel Arid climate, scarce water, 
hostile neighbourhood 

Drip efficiency + near-total 
wastewater reuse + desalination, 
integrated 

Integration turns scarcity into 
security — consciously 
managing the water–energy 
coupling 

Singapore No natural water endowment; 
import dependence 

"Four national taps": catchment, 
imports, reclaimed water, 
desalination 

Diversification removes 
single points of failure across 
the water system 

Morocco Fuel-import dependence and 
rising water stress 

Solar and wind cutting import 
exposure; solar-powered 
desalination 

Domestic renewables drain 
the geopolitical stressor and 
power the water system 

Gulf states Extreme water scarcity, heavy 
food-import reliance 

Pivoting fossil-fuelled 
desalination toward solar; 
diversifying food supply 

Even hard constraints yield to 
integrated renewables-plus-
water investment 

Nile (GERD) Upstream energy ambition vs 
downstream water security 

Contested hydropower on a shared 
river; incomplete cooperation 

Cross-border nexus tensions 
need cooperative governance, 
not unilateral action 

Cases are illustrative; each is treated more fully in the text of Section 12. 

Read together, the cases make the report's argument in miniature. Where resources were managed in silos, 

security in one was bought at a hidden cost in the others, and the cost eventually surfaced as a crisis. Where 

they were managed as an integrated system — diversified, buffered, made efficient, and built around 

double-duty investments — the couplings that make the nexus fragile were turned into a source of 

resilience, and scarcity itself became survivable. And where the nexus crossed a border, the outcome turned 

on whether the cooperative governance of Section 9 was present or absent. None of the successes was 

costless or complete, but each points the same way: toward integration, and away from the silos. 
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13. Conclusion: An Agenda for Integrated Resource Security 

Food, water, and energy security are not three problems but one, and that one problem is now under a 

compound stress — climatic and geopolitical at once — that siloed policy is structurally unable to meet. 

The report's conclusion is therefore also its agenda: to build, deliberately and in the window that 

remains, food, water, and energy systems that are integrated by design and resilient to shocks that arrive 

together. 

The argument has moved through a single logic. Food, water, and energy are coupled by physics into one 

system (Section 2), which is being pressed by two stressors that increasingly strike together (Sections 3 and 

4), and that press hardest where a stressed resource base meets heavy import dependence (Section 5). In 

such a system, security pursued one resource at a time fails, because it shifts hidden burdens onto the 

coupled resources until they surface as new crises (Section 6). The alternative is integration, built on five 

principles — diversify, buffer, make efficient, exploit synergies, and cooperate across borders (Section 7) 

— of which efficiency and synergy convert the nexus from a source of fragility into a dividend (Section 8), 

while governance and finance determine whether the dividend can be captured (Sections 9 and 10). The 

strategy has real limits, honestly marked (Section 11), and a record in practice that runs from cautionary 

failure to instructive success (Section 12). 

The choice this poses is captured in Figure 8. On one path, resource security continues to be pursued in 

silos: each shock is met by securing the visible resource at the expense of the others, the hidden burdens 

accumulate, and fragility compounds as the stressors rise, so that the system's security erodes even as more 

is spent defending it. On the other, resource systems are built as an integrated whole — diversified, buffered, 

efficient, synergistic, and cooperatively governed — so that the same rising stress is met with rising 

resilience, and the couplings that once transmitted shocks now transmit strength. The gap between the two 

paths, widening through mid-century, is the resilience dividend of integration, and it is available to be 

captured starting now. 
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Figure 8. Two pathways for resource security to 2050. Managed in silos, security erodes as compound stress rises and 

hidden burdens accumulate; built as an integrated system, resilience rises with the stress. The widening gap is the 

resilience dividend of integration. 

Illustrative schematic by the author, depicting the report's central choice; trajectories are stylised, not projections. 

What the integrated path requires is now clear enough to state as an agenda. Manage the nexus as one 

system, with institutions and budgets that price the cross-resource effects that siloed ministries ignore. 

Prioritise the double-duty investments — solar-powered irrigation, renewables-driven water systems, 

efficiency, wastewater reuse — that strengthen several securities at once, and avoid the burden-shifting 

fixes that rob two resources to pay one. Hold buffers and diversify sources against the shocks that will come 

without warning. Cooperate across the borders the nexus crosses, over shared rivers, open markets, and the 

minerals of the transition. Finance the transition at the full, cross-system value of what it builds, and drive 

down the cost of capital where the need is greatest. And pair all of it with mitigation of the climate stressor 

and the defence of an open international order, because integration can make compound stress survivable 

but cannot hold it in bounds. 

Above all, the agenda has a timetable. Most of the food, water, and energy infrastructure of the mid-century 

world is not yet built, and it is being built now — in the growing cities, the expanding grids, the new 

irrigation and water systems of the emerging world. That infrastructure can be designed for integrated 

resilience at the margin, while it is still on the drawing board, or it can be built narrowly and cheaply and 

retrofitted at ruinous expense after the compound shocks have made its fragility plain. The window in which 

integration is cheap is the window in which the systems are first built, and it is open now. The central 

finding of this report is that food, water, and energy security are one security, that it can be built to survive 

the compound stress of a disrupted century, and that whether it is built that way is a choice to be made in 

the years immediately ahead — while the systems that will carry humanity to 2050 are still taking shape. 
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