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Average Annual Loss (AAL)
A measure of annualized future losses over the long term, derived from probabilistic 
risk models (UNISDR, 2013).

Climate adaptation 
Adjustments in ecological, social, or economic systems in response to actual or 
expected climatic stimuli and their effects. It refers to changes in processes, practices 
and structures to moderate potential damages or to benefit from opportunities 
associated with climate change (UNFCCC, n.d. a)

Climate change 
A change of climate which is attributed directly or indirectly to human activity that 
alters the composition of the global atmosphere and which is in addition to natural 
climate variability observed over comparable time periods (UNFCCC, 1992).

Climate finance 
Local, national or transnational financing, drawn from public, private and alternative 
sources of financing, that seeks to support mitigation and adaptation actions that will 
address climate change (UNFCCC, n.d. b).

Disaster risk management 
The application of disaster risk reduction policies and strategies to prevent new 
disaster risk, reduce existing disaster risk and manage residual risk, contributing to the 
strengthening of resilience and reduction of disaster losses. Disaster risk management 
actions can be distinguished between prospective disaster risk management, 
corrective disaster risk management and compensatory disaster risk management, 
also called residual risk management. 

•	 Prospective disaster risk management activities address and seek to avoid the 
development of new or increased disaster risks. They focus on addressing disaster 
risks that may develop in future if disaster risk reduction policies are not put in place. 
Examples are better land use planning or disaster-resistant water supply systems. 

•	 Corrective disaster risk management activities address and seek to remove or reduce 
disaster risks which are already present, and which need to be managed and reduced 
now. Examples are the retrofitting of critical infrastructure or the relocation of exposed 
populations or assets. 

•	 Compensatory disaster risk management activities strengthen the social and economic 
resilience of individuals and societies in the face of residual risk that cannot be 
effectively reduced. They include preparedness, response, and recovery activities, but 
also a mix of different financing instruments, such as national contingency funds, 
contingent credit, insurance and reinsurance and social safety nets. 

Disaster risk 
The potential loss of life, injury, and/or destroyed and damaged assets, which 
could occur in a system, society, or community in a specific period, determined 
probabilistically as a function of hazard, exposure, vulnerability and capacity. 

•	 Extensive risk, the risk of low-severity, high-frequency hazardous events and 
disasters, mainly but not exclusively associated with highly localized hazards. 

•	 Intensive risk, the risk of high-severity, mid- to low-frequency disasters, mainly 
associated with major hazards.

Glossary
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Essential services 
The services provided by infrastructure, such as water and wastewater, power and 
energy, transport, telecommunications, health, and education that are essential for 
social and economic development. (Definition adopted in this Report)

Infrastructure 
Individual assets, networks and systems that provide specific services to support the 
functioning of a community or society

Infrastructure lifecycle 
The series of stages during the lifetime of an infrastructure asset, starting from 
planning, prioritization and funding to the design, procurement, construction, operation, 
maintenance, and decommissioning. 

Infrastructure governance 
The capacity to plan, finance, design, implement, manage, operate, and maintain 
infrastructure systems (Hertie School of Governance, 2016).

Infrastructure systems 
Arrangements of infrastructure components and linkages that provide a service or 
services.

Reliability 
Ability of an infrastructure asset or system to perform the desired function based on 
specified requirements over time without interruption or degradation. 

Resilience 
The ability of individuals, households, communities, cities, institutions, systems, and 
society to prevent, resist, absorb, adapt, respond, and recover positively, efficiently and 
effectively when faced with a wide range of risks, while maintaining an acceptable 
level of functioning and without compromising long term prospects for sustainable 
development, peace and security, human rights and well-being for all. (UN, 2020).
 
Resilience dividend 
The value of reduced future asset loss and damage avoided service disruption, wider 
social, economic, and environmental co-benefits, and reduced systemic risk, that 
accrue over the lifecycle of an infrastructure system. (Definition adopted in this Report) 

Resilient infrastructure
Infrastructure systems and networks, the components, and assets thereof, and the 
services they provide, that can resist and absorb disaster impacts, maintain adequate 
levels of service continuity during crises, and swiftly recover in such a manner that 
future risks are reduced or prevented. 

Systemic resilience
 The resilience of social, economic, territorial, and environmental systems at all scales, 
that conditions the ability of infrastructure assets and the services they provide to 
resist and absorb disaster impacts. (Definition adopted in this Report) 

Systemic risk 
In the context of infrastructure, systemic risk is a cumulative risk to a system as 
an outcome of physical, biological, social, environmental, or technological shocks 
and stresses. These may be internal or external to the system. Impact on individual 
components of the system (assets, networks, and subsystems) becomes systemic due 
to interdependence and interactions between them.
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Key 
Messages

Disasters are a major and growing driver of food insecurity, disrupting 
food availability, access, and stability. Climate change is increasing the 
frequency and intensity of hazards, amplifying both local agricultural losses 
and global food system shocks, particularly for vulnerable populations.

Irrigation infrastructure underpins a disproportionate share of global 
food production. Although irrigated land represents a minority of 
cultivated area, even modest damage to irrigation infrastructure can 
trigger large yield losses, income shocks, and food price volatility that far 
exceed repair costs. Thus, food security is closely linked to the resilience 
of infrastructure, including irrigation, farm-to-market transportation, 
energy for processing, and communication.

Economic losses to irrigation infrastructure often appear small compared 
with other sectors, yet their systemic importance is far greater. Disruptions 
to water delivery cascade across farming systems, labour markets, and 
supply chains, magnifying impacts on national and regional food security.

Surface, sprinkler, drip, and subsurface irrigation systems are exposed to 
hazards in different ways and face varying types and levels of vulnerability. 
Their design, water source, and maintenance requirements shape 
vulnerability to floods, droughts, storms, earthquakes, and slow-onset 
processes such as sedimentation and salinization.

Disasters are a 
driver of food 
insecurity

Irrigation 
infrastructure 
is a critical food 
security lever

Systemic 
importance 
outweighs 
asset value

Different 
irrigation 
systems face 
distinct risks

2025

GIR IRRIGATION
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Weak governance, unclear maintenance responsibilities, and poor 
cost recovery amplify the impacts of disasters. In such contexts, 
institutional failures can turn hazards into systemic crises, delaying 
repairs and prolonging agricultural losses well beyond the disaster 
event itself.

Global irrigation infrastructure faces nearly $2 billion in average annual 
disaster losses, concentrated in tropical and subtropical regions. South and 
Southeast Asia, parts of Africa, and small island states face particularly 
high relative risks due to hazard exposure and dependence on irrigation. 
The Global Infrastructure Risk Model & Resilience Index (GIRI) suggests 
that countries such as Vietnam, Bangladesh, India, and Thailand can expect 
annual damages.

Floods account for the largest share of global irrigation risk, followed 
by cyclones, droughts, and heat stress. Under future climate scenarios, 
expected losses increase sharply, especially in regions already exposed to 
hydrological extremes and water scarcity.

Climate change accelerates damage to irrigation assets, increases reliance 
on irrigation for adaptation, and expands exposed infrastructure. This triple-
risk dynamic raises long-term losses unless resilience investments keep 
pace with growing demand and climatic uncertainty.

Long-term declines in public investment and maintenance have left many 
irrigation systems ageing and fragile. Outdated designs and deteriorating 
components mean that even moderate hazards can cause significant 
failures, prolong disruptions, and increase food security risks.

Damage to irrigation systems in major producing regions can reduce 
exports, trigger price spikes, and transmit food insecurity across borders. 
Irrigated agriculture supplies key staples and high-value crops; as a result, 
local infrastructure failures can have global consequences.

Strengthening irrigation resilience through better design standards, 
maintenance, governance, and financing reduces losses and shortens 
recovery times. Since irrigation underpins food systems, resilience 
investments generate a substantial resilience dividend for food security 
and livelihoods.

Governance 
and institutions 
strongly 
influence 
outcomes

Global risk is 
uneven, but 
widespread

Floods and 
climate-driven 
extremes 
dominate risk

Climate change 
creates a 
compounding 
risk dynamic

Underinvestment 
and ageing 
assets increase 
fragility

Irrigation 
failures have 
global market 
impacts

Investing in 
resilience 
delivers high 
returns
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. The district relies on a surface‐irrigation canal system 
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’s overall lending 

Figure 1.2. World Bank’s –

For instance, studies of Turkey’s irrigation policies indicate that, despite 

1 $ refers to US$. 
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The 2010 Pakistan floods wreaked havoc on the country’s agricultural production
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GIRI’s m

national AAL for irrigation infrastructure is calculated as the value relative to the total value of a country’s 
(‰

2 For more information on the GIRI model, associated metrics as well as its limitations, please see 
https://cdri.world/resilience-dividend/global-infrastructure-risk-model-resilience-index/, https://cdri.world/global-
infrastructure-resilience-report-2025-capturing-the-resilience-dividend-2 and relevant technical working papers. 
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GIRI’s m

national AAL for irrigation infrastructure is calculated as the value relative to the total value of a country’s 
(‰

2 For more information on the GIRI model, associated metrics as well as its limitations, please see 
https://cdri.world/resilience-dividend/global-infrastructure-risk-model-resilience-index/, https://cdri.world/global-
infrastructure-resilience-report-2025-capturing-the-resilience-dividend-2 and relevant technical working papers. 
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(Lao People’s Democratic Republic)
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(Lao People’s Democratic Republic)

–

schemes for weeks. Although the actual irrigated area is small, the region’s high vulnerability to drought, 

– –

reduced the region’s domestic wheat production, forcing higher
– –

In Central Asia, the Soviet Union’s substantial investments in irrigation have resulted in infrastructure that exists 

the region’s 
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Indonesia’s coastlines



35

GIR Working Paper

Indonesia’s coastlines
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agriculture’s

These together demonstrate each nation’s sensitivity to climate change and illustrate how 
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Irrigation infrastructure underpins a large share of the world’s agricultural production. While only about 20 

—
—

3 These percentages are estimates based on a range of sources. Relevant data for further analysis can be sourced from WRI 
(https://www.wri.org/applications/aqueduct/food); Eurostat (https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Agri-environmental_indicator_-_irrigation); and USDA (https://www.ers.usda.gov/topics/farm-
practices-management/irrigation-water-use).  
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In Indonesia’s North Sumatra, one 
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Most of the world’s irrigated crops (by weight) are grown in a relatively small number of countries. Just 10 
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Most of the world’s irrigated crops (by weight) are grown in a relatively small number of countries. Just 10 
— —

the flow of benefits over time vastly exceeds the structure’s capital cost.

asset’s

FAO’s global assessments show that agriculture often absorbs 

Irrigation’s role in food security is magnified by its spatial reach
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