
 

 

 

       
 

       
 

 
 

 

              

            

              
           

           

          

            

           
          

          

             

            

              
               

          

         

 

         
 

 

 

    
 

            

               
            

           

               

              

               
            

          

             

         

              
              

            

Climate Change, Globalization and Water Scarcity 

Karen L. O’Brien and Robin M. Leichenko 

Abstract 

Much of the world’s population is likely to be directly or indirectly affected by 

climate change-induced water scarcity, which is related to changes in the amount, 

timing, and distribution of rainfall, in the supply of glacier meltwater, and in the 
amount, quality and accessibility of surface and groundwater. However, these are 

not the only global scale changes affecting water resources. Water marketization 

and cross-basin trade, combined with increasing agricultural, urban and industrial 

demands, are creating new contexts for accessing water, as well as new 

competition for water resources. In this paper we explore the relationship 
between climate change, globalization, and water scarcity and consider the 

implications for human security. Using a “double exposure” framework, we 

discuss why those who are most likely to be negatively affected by climate 

change are also most likely to experience the negative outcomes of globalization. 

We demonstrate that water scarcity in an era of global change is influenced by 
policy decisions as much as it is by changes in physical supply. As the double 

exposure framework shows, water policy decisions must take into account 

potential outcomes of both climate change and globalization. 

Key words: Climate change; globalization, water privatization, human security 

1. Introduction 

Water scarcity poses unprecedented challenges to human security (UNDP 2006). Water is 

a constraint to meeting food requirements for hundreds of millions of people. It is critical 
to maintaining healthy ecosystems, from rainforests to wetlands, and makes an important 

contribution to ecosystem services (MEA 2003; IWMI 2006). Many people experience 

physical or economic water scarcity, some of which is an artificially created scarcity in that 

access and availability is restricted in spite of an apparent abundance of water (IWMI 

2006). Water scarcity can potentially become more of a problem in the future in response 
to changes in population, urbanization, and food consumption patterns. Moreover, water 

scarcity—both physical and economic—may be exacerbated by climate change. Changes 

in temperature and precipitation, combined with changes in the frequency and intensity of 

extreme hydrometeorological events, will have widespread implications for water 

resources that will affect the supply, quality, and distribution of water resources for billions 
of people (Kundzewicz et al. 2007). This poses new challenges for human security and 

well-being. The importance of the relationship between climate change and security is 
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increasingly recognized, particularly the implications of climate change for conflict and 

migration (Barnett 2006). 

Yet climate change is not the only global scale process that is affecting the supply, quality, 

and distribution of water. Water resources are also affected by changing policies and 

management practices as the result of economic globalization. Under globalization, water 

is increasingly viewed as an economic resource to be managed through marketization and 

privatization. The development of water pricing policies, managed by private companies or 
through public-private partnerships, is considered an efficient means of allocating scarce 

water resources. International trade is also considered an effective means of transferring 

water resources from areas of abundant supply to areas of high demand, either directly or 

through trade in virtual water embedded in food and other products. Water issues are 

increasingly seen as a vital factor in the global economy, and efforts have been made to 
create a global framework for the governance of water (Conca 2006). Yet the 

commodification of water contrasts sharply with the notion of water as a human right, 

which was recognized in 2002 based on a range of international treaties and declarations 

(WHO 2003). 

Although climate change and globalization may each transform water resource availability 

and access, the impacts of these changes will not be evenly distributed. Some regions, 

sectors, ecosystems, and social groups are more vulnerable to the consequences of climate 

change, particularly to changes in precipitation patterns. Similarly, some will be affected 

by globalization processes more than others. Each of these ongoing processes have 
important consequences for the satisfaction of basic needs that are essential to human 

security (Sen 2001). As we show in this paper, differential patterns of vulnerability and 

response capacity create situations of “double exposure” in many regions, whereby the 

negative outcomes of both processes overlap and exacerbate threats to human security. 

Rising insecurities compound existing poverty and inequality and can contribute to both 
conflict and migration, which create even greater challenges to human security. Addressing 

water scarcity in the future requires attention to the interactions between climate change 

and globalization processes. 

2. Water: A global issue 

Water access and availability are emerging as critical challenges to sustainable 

development in the 21
st 

century (Gallopín 2001; Gleick 2003; Conca 2006; UNDP 2006). 

Increasing consumption, competing demands, unequal access, and deteriorating quality are 

just some of the problems facing water managers, development practitioners, and 

policymakers concerned with water access and availability. Water plays a number of key 
roles in society in terms of food, energy, and industrial activities. It also plays a critical 

role in physical and biological processes, through groundwater flows, soil moisture 

replenishment, runoff, and other ecosystem services (MEA 2003). Many environmental 

threats are closely linked to precipitation and water supply. For example, floods, droughts, 
land degradation, waterlogging, salinization and erosion of soils, sedimentation, and the 

spread of water-borne diseases are influenced by the timing and distribution of 

precipitation. For humans, water is essential to life and well-being. 
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Climate change and globalization
 

Like the atmosphere, water can be considered a global resource. It is an element that 

traverses scales and crosses international borders. Upon condensing in the atmosphere, 
water molecules become part of regional or localized weather systems, which may produce 

some of the 110,000 cubic kilometers of precipitation that falls on the continents each year, 

replenishing water resources. This precipitation may be captured in a local reservoir and 

then transferred to a household, industry, or farm for consumption (O’Brien 2003). If it is 

not captured locally, the water may enter one of the world’s 261 transboundary rivers, 
which cover 45.3% of the land-surface of the earth, excluding Antarctica (Wolf et al. 

1999). The transboundary nature of water has implications for both management and 

cooperation among countries. The earth’s freshwater resources are unevenly distributed 

across the globe. There are both surplus and deficit regions, which show little correlation to 

the size and density of human settlements and water demand (O’Brien 2003). Fifteen 
percent of the world’s 192 nations depend on upstream countries for more than 50% of 

their water, and 15 countries rely on bordering countries for more than 2/3 of their water 

(INBO 2003)
1
. Shared water resources, including international rivers, lakes, aquifers and 

wetlands, contribute to the hydrological interdependence of millions of people (UNDP 

2006). 

Climate variability plays a key role in the global water cycle, and both droughts and floods 

can have significant impacts on short-term water supply. A hydrological drought is defined 

as a period when river or groundwater levels are low, and it is distinct from an agricultural 

drought characterized by low soil moisture, or a meteorological drought, which occurs 
when precipitation is well below average. A “water resources” drought more generally 

describes the situation when low river, groundwater, or reservoir levels affect water use 

(Arnell and Lui 2001; Kundzewicz et al. 2007). A water resources drought is closely tied 

to water management of both supply and demand, and is not necessarily a direct outcome 

of climate conditions alone. Floods arise from a convergence of different conditions, 
including high intensity rainfall in mountainous regions, rapid snowmelt in continental 

areas, and prolonged heavy rainfall or rapid snowmelt in major river basins (Parry 2000). 

Both droughts and floods in many parts of the world are closely linked to El Niño Southern 

Oscillation (ENSO) events or changes in the North Atlantic Oscillation (NAO). 

Human activities also play a critical role in the global water cycle, influencing both water 

availability and water quality (Leichenko and O’Brien 2008). Human influences on water 

resources are tied to larger social and economic processes including urban growth, 

industrial expansion, and hydropower development, all of which place growing demands 

on water resources (Worster 1985, Conca 2006). Although many of these transformations 
are only visible at the local scale, their cumulative effects are contributing to dramatic 

changes in the global water system (Vörösmarty et al. 2004). In conjunction with 

transformation of hydrological resources, humans have also developed a complex array of 

institutions to address the distribution and quality of water (Conca 2006). Withdrawal 

permits, pricing of water, wastewater treatment, emission regulations and other 
mechanisms have been used to regulate the supply and quality of water. Many of these 

These countries include: Iraq, Sudan, Syria, Egypt, Paraguay, Niger, Congo, Gambia, Botswana or 

Mauritania, Luxembourg, Romania, the Netherlands, Bulgaria or Hungary. 
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mechanisms and institutions have been established across national or regional borders, in 

the case of shared watersheds. At the household level, the notion of entitlements can be 

used to explain water access or scarcity. As discussed by UNDP (2006, p. 81): 

People get access to water through exchange in the form of payments (to utilities, 

informal providers or water associations), legal claims on providers and their own 

labour (collecting and carrying water from streams and rivers or digging wells, for 

example). Whether households can meet their basic need for clean water depends 
partly on their own resources and partly on how public policy shapes access to 

infrastructure and water through investment decisions, pricing policies and 

legislation governing providers. 

Both climate variability and human activities and institutions influence the global water 
cycle, yet these are both undergoing changes linked to climate change and globalization. 

3. Water resources and climate change 

While most societies have adapted to local hydrological conditions, including variability in 

conditions, new challenges are posed by global climate change. Climate change is likely to 
alter the amount and timing of precipitation and snowmelt, influencing regional and local 

water balances. The IPCC Fourth Assessment Report emphasizes that the adverse effects 

of climate change on freshwater systems will “aggravate the impacts of other stresses, such 

as population growth, changing economic activity, land-use change, and urbanisation” 

(Kundzewicz et al. 2007, p. 175) . The report further warns that “current water 
management practices are very likely to be inadequate to reduce the negative impacts of 

climate change on water supply reliability, flood risk, health, energy and aquatic 

ecosystems” (Kundzewicz et al. 2007, p. 175) 

The effects of climate change will not be evenly distributed among sectors, regions, 
communities, households and individuals, and some are likely to be particularly vulnerable 

to changes in the global water system (McCarthy et al. 2001). Both physical and social 

characteristics contribute to this vulnerability. Arnell and Liu (2001: 212) discuss several 

physical characteristics associated with high sensitivity of water resources to climate 

change: 

•	 A current hydrological and climatic regime that is marginal for agriculture and 

livestock; 

•	 Highly seasonal hydrology as a result of either seasonal precipitation or dependence on 
snowmelt; 

•	 High rates of sedimentation or reservoir storage; 

•	 Topography and land-use patterns that promote soil erosion and flash flooding 
conditions; 

•	 Lack of variety in climatic conditions across the territory of the national state, leading 

to inability to relocate activities in response to climate change. 

Yet it is recognized that the sensitivity of the water sector to climate change is influenced 

by more than the physical properties that will undergo changes due to global warming. The 
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social characteristics that influence vulnerability to climate change, identified by Arnell 

and Liu (2001), include: 

•	 Poverty and low income levels that prevent long-term planning and provisioning at the 

household level; 

•	 Lack of water control infrastructures; 

•	 Lack of maintenance and deterioration of existing infrastructure; 

•	 Lack of human capital skills for system planning and management; 

•	 Lack of appropriate, empowered institutions; 

•	 Absence of appropriate land-use planning; 

•	 High population densities and other factors that inhibit population mobility; 

•	 Increasing demand for water because of rapid population growth; 

•	 Conservative attitudes toward risk; 

•	 Lack of formal links among the various parties involved in water management. 

Water management emerges as an important factor that can decrease water scarcity under 
climate change. In fact, changes in water management can be considered an important 

adaptation to climate change. Supply-side adaptations, which change structures, operating 

rules, and institutional arrangements, include increasing flood defences, building weirs and 

locks to facilitate navigation, and modifying or expanding infrastructure for water 

collection and distribution (Arnell and Liu 2001). Demand-side adaptations are aimed at 
reducing water consumption and protecting against risks. These include water demand 

management, changing water allocations, and non-structural flood management measures 

such as land-use controls (Arnell and Liu 2001). The authors point out that each of the 

adaptation options is characterized by its own set of economic, environmental, and political 

advantages and disadvantages. Kundzewicz et al. (2007) note some of the constraints and 
limits to adaptation and adaptive capacity in the water sector, including physical limits, 

economic limits, political or social limits, and institutional limits. Although all of these 

factors are important, they stress that “[t]he institutions that govern water allocation will 

play a large role in determining the overall social impacts of a change in water availability, 

as well as the distribution of gains and losses across different sectors of society” 
(Kundzewicz et al. 2007, p. 191). What is less recognized is the role that economic 

globalization plays in transforming institutions involved in water management, including 

how it may foster changes that may affect the access and availability of water for millions 

of people. 

4. Water resources and globalization 

Processes of globalization are having profound effects of water resources at all scales, from 

local to international. Globalization is frequently defined as a movement toward greater 

economic, political, and cultural integration across nations (Held et al. 1999; Sklair 2002; 

Dicken 2007; Leichenko and O’Brien 2008). Globalization is also associated with “space
time” compression, whereby improvements in transport and communication technologies 

have reduced the time and costs associated with the movement of goods, people, and ideas 

across space, effectively “shrinking” the world (Harvey 1990; Leichenko and O’Brien 

2008). These changes are reflected in many different globalization-related transformations, 
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including rising levels of international trade and investment, increasing travel and 

transnational migration, expansion of communication networks, the emergence of a global 

mass media, liberalization of financial markets, and homogenization of consumer cultures 
across a growing “global” middle-income class. Globalization processes also contribute to 

increased rates of urban and industrial development, which in turn leads to competition for 

scarce water resources between agricultural versus other uses. Like climate change, 

globalization has highly uneven effects among individuals, communities and social groups. 

One facet of globalization with particularly significant effects in terms of uneven outcomes 

is the marketization of water (Leichenko and O’Brien 2008). Water marketization can be 

defined as the process of creating the economic and policy infrastructure to treat water as a 

commodity (Conca 2006). The process of water marketization has been driven by 

neoliberal economic reforms that have been closely associated with economic 
globalization. Reforms such as structural adjustments, trade liberalization, and 

privatization have led to dramatic changes in the ways that water resources are managed, 

which has had dramatic implications for those who do not have access to water or the 

resources to purchase water. In practice, water marketization takes many different forms. It 

can refer to a complete transfer of state assets to private corporations, or it can involve 
different types of public-private partnerships, ranging from the delegation of operational 

and managerial functions to private companies or to the transfer of service responsibilities 

to individuals, communities and nongovernmental organizations (McDonald and Ruiters 

2005). More generally, water marketization entails transformations that are linked not only 

to prices and property rights, but also to the boundary between public and private spheres, 
with the latter gaining more and more influence (Conca 2006). 

Water marketization is having profound effects on individuals and communities that 

depend on free and open access to water (Barlow and Clarke 2002; Gleick et al. 2002; 

WaterAid and Tearfund 2003; Leichenko and O’Brien 2008). The marketization of water 
means that water is no longer supplied as a free or nominally priced public good, but 

instead follows the rules of the market. When water supply decreases, as during years of 

drought, water prices can potentially increase to ensure full recovery cost for infrastructure 

and service delivery. As McInnes (2005) notes, to be sustainable, a corporatized water 

service provider must maintain a surplus, even if it means restricting or cutting services to 
enforce payment from households. The effects of increasing marketization can be 

particularly detremental to poor people in less developed countries, many of whom depend 

on private water vendors, or on distant and/or polluted water sources. In many cases, the 

poor pay significantly more for water than do higher-income users who are connected to 

municipal supplies (Barlow and Clarke 2002; Devas 2002; UNDP 2006). As discussed in 
the next section, the impacts of water marketization also coincide with ongoing changes in 

the global water cycle as the result of climate change and other human-induced 

transformations. 

5. Double exposure: Climate change and economic globalization
 

Climate change and economic globalization can be considered transformative processes
 

with significant consequences for the global water system. Yet the linkages and
 

connections between these two processes are often obscured by separate discourses and
 

6 



    

 

 

            

            

             
              

           

            

      

 
            

         

             

            

          
              

             

           

 

            
             

              

            

          

              
           

              

              

             

              
               

            

             

 

             
              

               

             

               

             
          

          

              

             

          
            

           

         

 

 

Climate change and globalization
 

international debates on each topic (O’Brien and Leichenko 2000; O’Brien and Leichenko 

2003; Leichenko and O’Brien 2008). Discussions of climate change impacts and responses 

are often carried out in separate fora from debates about trade liberalization, privatization, 
and the development of large-scale water infrastructure and transfers. As a result of these 

separate discourses, the critical linkages, feedbacks, and synergies between climate change 

marketization are often ignored, obscuring the implications of water scarcity for human 

security (Leichenko and O’Brien 2008). 

Leichenko and O’Brien (2008) present a double exposure framework for analyzing the 

interactions between global environmental change and globalization. The framework 

emphasizes that there are multiple types of interactions between the two global processes, 

or different “pathways” of double exposure. These pathways often lead to growing 

inequalities, increasing vulnerabilities, and accelerating rates of change (Leichenko and 
O’Brien 2008). At the same time they also present openings for responding positively to 

change. Yet new opportunities and synergies are unlikely to be realized until the 

interactions between the two processes are acknowledged and addressed. 

As described by Leichenko and O’Brien (2008), double exposure often entails being 
vulnerable to negative outcomes that result from some combination of stresses and shocks 

related to both processes of global change. In other words, those experiencing the negative 

effects of climate change often simultaneously feel the negative effects of economic 

globalization. The outcomes from climate change and economic globalization overlap 

extensively when it comes to water resources (Leichenko and O’Brien 2008). Many of the 
current pressures on local water supplies are connected to both globalization-related 

changes and to changes in water availability due to climate variability and change. This 

close relationship can be seen in many parts of India, where farmers are expanding 

irrigation schemes for water-intensive agricultural crops for export, while at the same time 

that climate variability and change is reducing water availability (O’Brien et al. 2004). It 
can also be seen in southern Africa, where those experiencing water scarcity in relation to 

consecutive droughts are also likely to be negatively affected by structural adjustment 

programs and changing access or entitlements (O’Brien and Vogel 2003; Vogel 2006). 

Yet double exposure represents not just the overlapping outcomes of climate change and 
globalization, but also the ways that the two processes influence exposure and the capacity 

to respond to a wide array of stresses and shocks (Leichenko and O’Brien 2008). Climate 

change and globalization are changing the context in which people both experiencing and 

respond to change. For example, Conway et al. (2005) discuss the dynamic nature of water 

resources in African lake regions, including the impacts of climate change and associated 
uncertainty, which can undermine traditional assumptions about reliable yields for 

planning water-supply projects. The long-term management implications of climate change 

have not yet been incorporated into water privatization and cost recovery programs that are 

being both implemented and resisted in many African countries. The context for these 

programs is changing dramatically, with implications for economic growth and 
development (IUCN 2006). Adopting a longer term and more dynamic perspective, the 

uneven outcomes and contextual changes linked to double exposure may promote 

responses that accelerate change and influence future outcomes. 
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6. Conclusion: Water scarcity and human security 

Human security relates to the well-being of individuals, including both freedom from fear 

and freedom from wants (O’Brien and Leichenko 2007). As a concept, human security 

refers not only to security from physical violence, but also to food and water security, 
livelihood security and environmental security. Importantly, the concept of human security 

is also relevant to communities and groups. From this perspective, human security can be 

considered a condition whereby individuals and communities have the options necessary to 

end, mitigate, or adapt to threats to their human, social, and environmental rights, and 

where they have the capacity and freedom to exercise these options (GECHS 1999). Given 
that water is both an essential human need and a basic human right, changes in access, 

availability, and water quality as the result of interactions between climate change and 

globalization processes represent a significant threat to human security (Barnett 2006). 

As shown in this paper, water scarcity in an era of global change is influenced by policy 
decisions as much as it is by changes in physical supply. Yet policy discussions of water 

scarcity generally do not consider how individuals and communities are likely to be 

affected by both globalization and climate change. The efficiency and service gains from 

privatization may not, for example, accrue to those who are most vulnerable to water stress 

associated with climate variability. Simiarly, cross-basin trading may provide an efficient 
mechanism for responding to drought-related supply reductions, but may prove 

detremental to those who rely on free access to local sources and have little power to 

influence decisions about large-scale water diversions. As the double exposure framework 

shows, efforts to address water scarcity and promote human security must take into 

account both climate change and ongoing societal changes associated with globalization. 
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