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Abstract

Water scarcity and drought have determined the structure, location, and fate of civilizations throughout
history. Drought remains an important factor in the performance of developed and developing economies,
especially in the agricultural sector. While significant attention has been paid to drought as a meteorologi-
cal phenomenon and its economic impact, comparative institutional analysis of the economics of drought
is limited. In this review article, we focus on how economic institutions, the humanly devised constraints
that shape the allocation and use of water, impact the severity and incidence of droughts. Water prop-
erty rights in developed countries encourage infrastructure investments and reallocations that mitigate
drought impacts, although such institutions may codify inequitable water access during drought. Devel-
oping economies rely more on informal strategies for mitigating drought and remain more vulnerable,
experiencing economic losses, conflict, and violence.

JEL Classification: Q25
Key Words: drought, water, property rights, institutions, water rights

1

ecedwar@ucdavis.edu
leslie.sanchez@usda.gov
SSekhri@virginia.edu


Contents

1 Introduction 2

2 Causes and Consequences of Droughts 4
2.1 Drought and Climate Change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2 Conflict and Violence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.3 Economic Impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3 An Economic Framework for Drought 6
3.1 Scarcity and Shortage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.2 Institutions and Infrastructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.3 Informal Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4 Water Property Rights 10
4.1 Determinants of Drought Allocations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4.2 Market-Based Reallocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.3 Informal Markets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

5 Institutional Evolution 12
5.1 Drought as Impetus for Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
5.2 Adapting Water Rights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
5.3 Irrigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

6 Inequity in Water Distribution during Drought 14
6.1 Initial Allocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
6.2 Indigenous Water Rights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
6.3 Infrastructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
6.4 Informal Institutions and Equity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

7 Conclusion 17

1 Introduction

Droughts occur when an area experiences anomalously low rainfall and acute water scarcity emerges.

Catastrophic drought was responsible for the rapid collapse of ancient civilizations: a 30 percent decline

in precipitation over 100 years around 2200 B.C. for the Akkadian Empire (Cullen et al. 2000); a 50 percent

decline for the Maya around 800-1000 CE (Evans et al. 2018); and two droughts with 40 percent reductions

in precipitation around 1150 and 1300 C.E. for the Anasazi (Benson et al. 2007). Today, as many as four

billion people experience severe water stress for at least part of the year (Mekonnen & Hoekstra 2016).

More than 85 percent of the population affected by dry shocks live in low- or middle-income countries

(Damania et al. 2017). In these regions, moderate drought reduces GDP growth by about 0.39 percentage

points and extreme drought by about 0.85 percentage points, relative to an average growth rate of 2.19

percent (Zaveri 2023). Severe drought’s effect on growth in developed economies is much smaller. A par-

tial explanation for the economic importance of drought in developing countries is their high agricultural

share of GDP. Across developed and developing economies, water is predominately used in agriculture.
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Consumptive water use in agriculture exceeds 85 percent of the worldwide total (D'Odorico et al. 2020).

Agricultural productivity is highly sensitive to rainfall shocks, with net primary productivity—the amount

of carbon stored for food consumption per square meter of crop—decreasing by up to 14 percent during

even moderate droughts (Damania et al. 2017).

In principle, water can be moved through space and stored over time to mitigate drought impacts. The

ancient civilizations cited above all had the infrastructure to move water for irrigation, sometimes over

great distances. The shared nature of water resources and the economies of scale associated with moving

and storing water for agriculture require coordination. These drought-related organizational structures can

be complex and robust enough to form a foundation of government (Allen et al. 2023). In part because

drought preparation and response are collective endeavors, drought outcomes across and within countries

are divergent. Adverse consequences of drought can include violence (Koren et al. 2021), famine (Mishra

et al. 2019, Njoka 2019), and migration (Hornbeck 2023), but they do not always occur.

In this review paper, we explore how economic institutions, the humanly devised constraints that shape

the allocation and use of water, mediate drought outcomes. Poorly functioning institutions lead to more

serious drought shocks and broader effects on the economy and society, consistent with the divergence in

drought outcomes observed in developing relative to developed countries. Developing economies often

have weak institutions, incomplete markets, and de�ciencies in water infrastructure. Because institutions

are inadequate, the impacts of droughts can be more severe, and informal and social drought responses can

play a more important role. We propose a unifying framework for understanding the outcomes of drought

by answering three questions related to the institutional arrangements around water:

1. Allocation: Who gets water during drought?

2. Infrastructure: What technologies and investments are available to mitigate drought?

3. Markets: How �exibly do the economy and individuals allocate water and other goods and services

in response to drought?

We begin in section 2 with a broad discussion of drought and its economic consequences. We then in-

troduce an economic framework for understanding water scarcity and the role of institutions in section 3.

Section 4 discusses the role of water property right systems in allocating water during drought and the

reallocation of water via formal and informal markets. Section 5 provides concrete examples of how insti-

tutions evolve in response to droughts, while section 6 addresses inequity in these institutions. Section 7

concludes with a discussion, brie�y highlighting identi�able areas of further inquiry.
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2 Causes and Consequences of Droughts

2.1 Drought and Climate Change

De�ning a drought is fundamentally related to both economic and environmental conditions. Many arid

and semi-arid regions are characterized by frequent drought, and there is no clear distinction between in-

stitutions that manage water allocations every year, and those that manage water during drought. The

distinction becomes particularly dif�cult when infrastructure (e.g. dams) or natural capital (e.g. ground-

water aquifers) allow stored water to smooth drought impacts. Thus, while the focus of this review article

is on the acute effects of drought, many of the topics relate more broadly to the institutions that manage

water scarcity.

Formal de�nitions of drought include meteorological drought, de�ned by below-normal rainfall; agri-

cultural drought, where dry soil fails to support plant growth (quanti�ed through measures like the Palmer

Drought Severity Index); hydrological drought, which re�ects declines in surface or groundwater avail-

ability; and socio-economic drought, which occurs when one of the other three types of drought affect

social and economic systems (Fleming-Muñoz et al. 2023). Meteorological drought is a relative measure, so

drought in the Amazon could equate to a deluge if that rainfall occurred in the typically arid southwestern

U.S. The other three drought de�nitions are affected by existing water institutions and local characteristics

of demand.

Between 1970 and the early 2000s, the percentage of the Earth's land area under serious drought more

than doubled (Dai et al. 2004). Drought risk is expected to increase in Central Europe, South-Central Asia,

South America, and the southeast U.S.—some of the planet's most highly populated and agriculturally

productive areas (Carrão et al. 2016, Dai 2011). The expansion of drought conditions around the subtropics

is largely due to the effects of climate change on global precipitation patterns (Carr ão et al. 2016) . Rising

global temperatures increase evapotranspiration rates and the atmosphere's water-holding capacity, which

can translate to less rainfall (Dai 2013).

2.2 Con�ict and Violence

Droughts have also been implicated in increasing con�ict, crime, and political unrest. These effects are

mediated by institutions and social norms. For instance, the adversity caused by droughts is ampli�ed

in war-torn and con�ict-prone areas (Buhaug & von Uexkull 2021), which may have non-functioning in-

stitutions and fractured norms. Con�ict over water arises when institutions or social norms are stretched

beyond their capacity to deal with allocation disputes. Evidence points to droughts increasing nomadic

invasions in China (Bai & Kung 2011), communal violence (Bohlken & Sergenti 2010), civil war (Couttenier
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& Soubeyran 2014), peasant rebellion (Jia 2014, Kung & Ma 2014), coup (Kim 2016), insurgency (Hendrix &

Salehyan 2012), and rebel violence (Raleigh & Kniveton 2012).

Drought can lead to social disruption and con�ict through income shocks as a result of reduced agricul-

tural income. Miguel et al. (2004) examined civil con�ict in 41 African countries and found that between

1981 and 1999, rainfall shortages increased civil con�ict signi�cantly. The timing of droughts affects con-

�ict as well. Harari & Ferrara (2018) illustrate that shocks during the agricultural growing season increase

con�ict in sub-Saharan Africa, while shocks outside of the growing season do not.

Drought also affects con�ict through shocks in markets. Sarsons (2015) argues that agricultural income

is not a primary channel through which rainfall de�cits create con�ict. Communal riots in Indian districts

downstream from dams still occur during drought, even though the direct effect of the rainfall shock on

agricultural income is small. Instead, market channels play a role in the aggregate impact of drought on

livestock prices. Evidence from Somalia indicates that a one standard deviation increase in rainfall shortage

increases con�ict by 62 percent mediated by livestock prices (Maystadt & Ecker 2014). Grain prices can also

be impacted by rainfall shortages, which can lead to violent crimes, as was the case in 19th century Germany

(Mehlum et al. 2006).

Con�ict emerges or is ampli�ed when the magnitude of the drought or it impacts are larger, for instance

in disease-rich environments (Cervellati et al. 2017) and rainfed agricultural areas (von Uexkull 2014). Stud-

ies using spatially granular data refute that localized droughts impact con�ict in Africa or Asia (Theisen

et al. 2012, Wischnath & Buhaug 2014). However, broader drought can escalate inter-state con�ict, like

when rainfall de�cits reduce the supply of water in transboundary river basins, especially in river-sharing

dyads, relative to other pairs of countries, which have upstream and downstream relations (Gleditsch et al.

2006, Brochmann & Gleditsch 2012).

A few studies �nd bene�ts of droughts. Dinar et al. (2015), by documenting enhanced incentives of

riparian states to cooperate rather than to �ght, suggest that water scarcity need not necessarily lead to

con�ict in transboundary river basins. Br ückner & Ciccone (2011) argue that adverse rainfall shocks open

a window of opportunity for democratic improvement due to political transition, an idea echoed by Burke

& Leigh (2010).

2.3 Economic Impact

Given that water is a necessary and irreplaceable input to every economic sector, drought has the potential

to impair economic well-being (Miara et al. 2017, Garrick & Hahn 2021), and degrade human and envi-

ronmental health (Vorosmarty et al. 2000, Stanke et al. 2013). Agriculture is particularly vulnerable, as

80 percent of global agriculture is rainfed (Rosegrant et al. 2009). Below-average rainfall can reduce crop
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yields (Lobell et al. 2014) and water availability for livestock (Nelson et al. 2016), leading to food shortages

(Cobon et al. 2016, Ngcamu & Chari 2020, Dasgupta & Robinson 2022), famine (Mishra et al. 2019, Njoka

2019, Burgess & Donaldson 2010), and social unrest (Koren et al. 2021). The risk that drought poses to agri-

culture will likely increase, as climate change is expected to exacerbate drought across agricultural hubs

— many of which currently lack the infrastructure and resources necessary to adapt (Dai 2011, Rosa et al.

2020, Langenbrunner 2021).

Lessons about the performance of mitigation measures during drought in developed economies are

context-dependent and may not hold in developing countries. Due to missing markets, institutional fric-

tions, and lean infrastructure, droughts affect developing countries much more severely. Droughts lead to

a steep decline in agricultural productivity and hence farm income. Rainfall de�cit accounted for a 15 to 40

percent gap in the per-capita income of Sub-Saharan Africa and the rest of developing countries between

1960 and 2000 (Barrios et al. 2010). Growth in Africa was negatively impacted by droughts during the 1980s

and 1990s (Miguel et al. 2004).

Several recent review articles have highlighted the economic impact of drought. Fleming-Mu ñoz et al.

(2023) provide a comprehensive review of studies examining the impacts of drought in Australia, �nding

1,898 papers, of which 52 focus on economic impacts. Given the number and diversity of economic costs

associated with drought, they suggest a three-category framework for understanding drought impacts—

human health and well-being, productivity in agriculture and other sectors, and ecosystem services—and

question whether current impact assessments fully incorporate costs outside the agricultural sector. Stanke

et al. (2013) conduct a review focused on the health effects of drought, �nding that resilience factors are

critical in exacerbating or mitigating drought impacts. Ding et al. (2011) critically examine the methodolo-

gies of drought impact assessment while Vermeulen et al. (2023) explore how the economics of drought risk

reduction are evaluated.

In their review of the economics of drought literature, Freire-Gonz ález et al. (2017) discuss the impor-

tance of long-term and short-term policy decisions. Water policy is fundamentally shaped by the insti-

tutions that underlie water diversions and allocations. In contrast to earlier reviews of the economics of

drought, this article is focused on the role of these underlying institutions, especially water property rights,

in drought outcomes.

3 An Economic Framework for Drought

3.1 Scarcity and Shortage

Water scarcity and shortage have slightly different meanings in common parlance than in economics, and

we begin by formalizing their economic de�nitions. The scarcity value of water is the difference between
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