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INTRODUCTION 

 

This module will introduce you to the challenges posed by climate change in the 

following sectors and areas: 

 Agriculture; 

 Water; 

 Energy; 

 Transport; 

 Health; and 

 Urban areas. 

The module will describe the basic measures needed to cope with climate change 

effects in various sectors and urban agglomerations. It will also show you the main 

building blocks of adaptation strategies. 

Upon completion of this module, you should be able to: 

 Identify climate adaptation challenges in vulnerable sectors and urban areas; 

 Identify priority adaptation measures in vulnerable sectors and urban areas; 

 Distinguish between grey, green and soft approaches to adaptation; 

 Understand the discussion questions appearing in the final section; and 

 Answer correctly all questions in the multiple choice quiz. 

The main references utilized for the module include publications of international 

organizations (IEA, OECD, UNECE, WHO) and international financial institutions 

(EBRD, World Bank) that are listed in the reference section following the main text.   

AGRICULTURE 

CLIMATE ADAPTATION CHALLENGES 

Farming depends on weather conditions to a much greater extent than 

manufacturing and is highly vulnerable to climate change. In transition economies in 

Europe and Central Asia warmer and more extreme weather is expected to have uneven 

impacts across the region. According to a World Bank study, rising temperatures could 

be beneficial for agricultural output and productivity in parts of the Baltics, Kazakhstan, 

Russia and Ukraine. Negative effects of warmer climate on agriculture are expected to 

predominate in most parts of South-Eastern Europe, the Caucasus and Central Asia 

(with the exception of Kazakhstan).  

Thus some countries (especially Kazakhstan, Russia and Ukraine) face the 

challenge of taking advantage of better conditions for farming (longer growing seasons 

and more rapid plant growth due to higher CO2 concentrations). Most countries will have 

to focus however on improving the capacity for coping with negative climate change 

impacts (higher temperatures and lower precipitation in summer months, droughts and 

soil erosion) while making agriculture and food security more resilient to warmer 

temperatures and extreme weather events (World Bank, 2009). Moderate warming may 

accelerate plant growth but also reduce the quality of some types of forage for animals. 

Severe warming is likely to have negative impacts on both crops and livestock (Table 4).  
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TABLE 4.  CLIMATE CHANGE IMPACTS ON AGRICULTURE 

Activity Climate driver Impact 

Crops 
Moderate warming and higher CO2 
concentration in the atmosphere  

Faster plant growth  
Increased yield potential 

Crops Severe warming, drought and floods Decrease in yields 

Livestock 
Severe warming 
Heat stress 
Increased prevalence of parasites 

Higher mortality 
Lower fertility 
Lower meat and milk production 

Livestock 
Higher CO2 
concentration in the atmosphere 

Increased quantity but lower quality of 
forage for animals 

Fisheries 
Severe warming and increased acidity of 
oceans 

Increased prevalence of disease and 
declines in some fish and shellfish 
populations 

Source: US Environmental Protection Agency (http://www.epa.gov/climatechange/impacts-

adaptation/agriculture.html#impacts). 

ADAPTATION MEASURES 

Agriculture is a key economic sector in a number of transition economies in Europe 

and Central Asia where it provides subsistence and incomes to large rural populations. 

Warmer and more extreme weather reduces both crop and livestock yields, threatening 

the livelihood of these populations. A recent World Bank study of agricultural adaptation 

challenges in four of these economies (Albania, Moldova, The former Yugoslav Republic 

of Macedonia and Uzbekistan) identified, in cooperation with national institutions 

responsible for agricultural policies, agricultural research centres and local stakeholders, 

a number of climate adaptation priorities at national and local levels (Sutton et al, 2013). 

At the national level, the following were assessed as high priorities in at least three out 

of the four countries mentioned above: 

 Improve farmers’ access to adaptation technologies and information; 

 Improve provision of relevant hydrometeorological information to farmers 

through mass media;  and 

 Encourage private-sector involvement to improve agricultural productivity. 

At the local (agro-ecological zone) level, the following were identified as high 

priority adaptation measures in at least one zone: 

 Improve irrigation water infrastructure and efficiency; 

 Rehabilitate irrigation infrastructure; 

 Rehabilitate/construct water storage infrastructure; 

 Improve agricultural practices and techniques; 

 Improve availability of irrigation water; 

 Rehabilitate and build new small-scale water storage; 

 Implement floodplain management measures; 

 Improve drainage infrastructure; 

 Optimize agronomic inputs (fertilizer application and soil moisture 

conservation); 

 Improve crop varieties; and 

 Improve livestock management, nutrition and health. 

Local and national priorities in structurally similar countries are likely to resemble 

the ones listed above. In any case, the priorities for adaptation should reflect specific 
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national and local conditions. It is important to note that in some cases a relocation of 

farming activities to areas less affected by adverse weather conditions may be the best 

adaptation option. 

The availability and use of water in the agricultural sector is a particularly 

important issue in the Caucasus and Central Asia. Agriculture accounts for a large share 

of water consumption, equal to 55  per cent in Kazakhstan, 69 per cent in Azerbaijan, 84 

per cent in Kyrgyzstan and 90 per cent in Uzbekistan (OECD, 2012). Water losses are 

huge and increasing with warmer temperatures and a slow deterioration of the ageing 

infrastructure. Unsustainable irrigation schemes, inherited from the Soviet era, are 

conducive to soil erosion and increasing salinity. Even if the water supply is improved 

and wasteful use limited, a switch to less water-intensive crops and new farming 

methods seems to be the most attractive adaptation option in the long term  

(10-20 years). 

The World Bank study mentioned above concludes that unless adaptation 

measures provide support to farmers with improved water management and irrigation 

infrastructure, wider access to technology and information, and better land management 

and farming practices, climate change in parts of Eastern Europe, Caucasus and Central 

Asia could reduce significantly food production and rural incomes over the next decades. 

Available techniques and best practices should be used to boost agricultural productivity 

in today’s climate while building resilience to warmer and more variable weather. 

WATER 

CLIMATE ADAPTATION CHALLENGES 

Water and other natural resources are already under unsustainable pressure from 

human activity. In addition they are strongly affected by warmer and increasingly 

extreme weather. Actual or potential climate change impacts in transition economies in 

Europe and Central Asia include:  

 Changes in the volume, timing and quality of water flows; 

 More frequent and severe water shortages; 

 Intensified erosion and sedimentation; 

 Increased rainfall variability and consequent droughts, floods and storms; 

 Reductions in glaciers and snow cover; 

 Sea level rise; and 

 Damage to water quality and ecosystems. 

These impacts have knock-on effects on water-using sectors, including agriculture 

(irrigation), health, energy (hydroelectricity generation and cooling of thermal plants), 

water utilities (water services for households and industry) and tourism. 

The increased water scarcity in some parts of the Caucasus and Central Asia 

presents considerable adaptation challenges not only at the local level but also at the 

international level because transboundary water resources are critical for competing 

uses (such as hydropower generation and irrigation in water-intensive agriculture) in 

neighbouring states. This international dimension to climate change adaptation presents 

a growing potential for conflicts over the use water resources. For instance, unilateral 

infrastructure investment decisions taken in one country can have negative effects on 
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riparian countries. Thus, in addition to the uncertainty over climate change impacts, 

countries are faced with uncertainty about their neighbours’ reactions. Therefore, 

transboundary water management is one of the most important climate adaptation 

challenges. 

Table 5 shows the location of supply of main water resources in Central Asia. 

Tajikistan and Kyrgyzstan are well endowed with water resources, accounting for over 

70 per cent of the regional total. However, Turkmenistan and Uzbekistan tend to 

experience water shortages due to the irrigation-intensive agricultural system inherited 

from the Soviet era. The tensions between the main suppliers and users of water could 

intensify with rising temperatures that have already caused a rapid melting of glaciers 

in Tajikistan and, to a lesser extent, in Kyrgyzstan. These glaciers contribute 

significantly to the runoff of major rivers in the subregion (World Bank, 2009). 

TABLE 5.  SUPPLY OF WATER RESOURCES IN CENTRAL ASIA 

Country 
Amu Darya 
River basin 

Syr 
Darya River 

basin 

Balkash 
Lake basin 

Issyk-Kul 
Lake basin 

Terim River 
basin 

Total 
(km

3
 per 

year) 

Share in 
regional 

total 

Kazakhstan - - 28 - - 28 
18 

per cent 

Kyrgyzstan 2 34 0 4 7 47 
30 

per cent 

Tajikistan 63 1 - - 1 65 
41 

per cent 

Turkmenistan 3** - - - - 3 
2 

per cent 

Uzbekistan 5 4 - - - 9 
6 

per cent 

Total 79* 38 29 4 8 157* 
100 

per cent* 

Contribution to 
total  

50 
per cent 

24 
per cent 

19 
per cent 

2 
per cent 

5 
per cent 

 
100 

per cent 

Note: * Includes the contribution of Afghanistan to the Amu Darya runoff (6 km3 per year). 

** Includes a small contribution of Iran in Amu Darya runoff. 

Source: Adapted from World Bank (2009). 

ADAPTATION MEASURES 

At the national level, adaptation measures in the water sector depend on the 

nature of main challenges. A comprehensive overview of such measures is provided in 

UNECE (2009). In flood-prone areas, they include: 

 Restriction of urban development in flood-risk areas; 

 Improved dam safety and afforestation to prevent mudflows; 

 Construction of dykes and resilient housing; 

 Land use management; 

 Relocation of people from high-risk areas; and 

 Upgrading of transport infrastructure. 
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In drought-prone areas, adaptation measures include: 

 Water conservation techniques (e.g. recycling and reuse of wastewater); 

 Water saving (e.g. permits for users); 

 Fostering of water-efficient technologies and practices (e.g. irrigation); 

 Changing agricultural practice (e.g. switching to drought-tolerant crops); 

 Increasing the availability of water (e.g. building up reservoir capacity); 

 Improving groundwater management; 

 Improving waste water treatment; and 

 Increasing protected areas. 

With respect to trans-boundary water resources, international cooperation is key. 

The recent agreement between the governments of Moldova and Ukraine to manage 

jointly the Dniestr river basin is an interesting example of good practice in this area  

(Box 3).  

BOX 3.  JOINT MANAGEMENT OF THE DNIESTER RIVER BASIN 

BY UKRAINE AND THE REPUBLIC OF MOLDOVA 

The Dniester River shared by Moldova and Ukraine is likely to be affected by 

climate change leading to warmer and wetter winters and hotter, drier summers. 

Flooding is a major trans-boundary problem on the Dniester. Climate impacts on 

water resources also have a cascading effect on the population of the basin and 

other sectors such as agriculture, power generation, recreation, fisheries and 

biodiversity. The bilateral Treaty on Cooperation on the Conservation and  

Sustainable Development of the Dniester River Basin was signed by 

representatives of Moldova and Ukraine on 29 November 2012. 

Representatives of diverse water users, sectors, regions and authorities along the 

Dniester River met in July 2013 to discuss the risks and measures that can 

minimize them and protect the population, infrastructure and natural landscapes 

of the basin. The participants suggested that climate change impacts on 

groundwater levels and runoff should be addressed through improved management 

of water reservoirs in the basin, better information exchange between Ukraine and 

the Republic of Moldova, especially in situations such as extreme weather events, 

reforestation and the restoration of critical ecosystems. The stakeholder workshop 

was held in the framework of the new project “Climate change and security in the 

Dniester basin” carried out by the UNECE and OSCE, under the Environment and 

Security Initiative (ENVSEC). The project is supported by the Austrian 

Development Agency with funds from the Austrian Development Cooperation and 

the European Commission. 

(UNECE press release, 13 July 2013) 

 

Another example of international cooperation is provided by the 1998 inter-

governmental agreement between Kazakhstan, Kyrgyzstan, Tajikistan and Uzbekistan 

on the use of water and energy resources of the Syr Darya basin. The agreement links 

cross-border water deliveries from upstream countries (Kyrgyzstan and Tajikistan) to 

the provision of energy supplies such as coal, natural gas and fuel oil by downstream 

countries (Kazakhstan and Uzbekistan). If the basin suffers low river flows, the 

countries can agree to barter water for energy supplies in order to save water for 

irrigation in the growing season (e.g. in Kazakhstan) which otherwise would have been 

released in winter for hydro-energy production (e.g. in Kyrgyzstan). This mechanism 
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could enable the signatory states to adapt to changes in water availability. However, the 

implementation of the agreement has been ineffective (UNECE, 2009).  

ENERGY 

CLIMATE ADAPTATION CHALLENGES 

The energy sector is vulnerable to climate variability and extreme weather events 

(Table 6). Warmer summers, intense heat waves and unexpected changes in 

precipitation have negative effects on power generation and transmission as well as 

transportation of oil and gas. Warmer temperatures may however improve the access to 

the oil and gas resources in the Arctic, resulting in advantages to energy producers in 

countries like Canada and Russia. Temperature variations between and within years are 

likely to increase the vulnerability of energy infrastructure and operations. According to 

the climate studies reviewed in Ebinger and Vergara (2011), Europe and Central Asia is 

the only region in the world with large inter-annual temperature variations  

(up to 5° C). In addition, large changes in the temperature variability projected for the 

region imply that the vulnerability to climate change may well increase over time even if 

mitigation policies would achieve the targeted stabilization of greenhouse gas emissions 

by the mid-century.  

High temperatures that reduce the availability of cooling water for power plants 

affect both nuclear and thermal energy supply. It is interesting to note in Table 6 that 

energy supply from renewable sources (hydro, wind, biofuels, solar) is also vulnerable to 

climate change. Therefore the expansion of renewables that is routinely pursued by 

climate mitigation policies does not improve energy security by itself. However, 

investment in locally renewable energy sources can improve resilience to climate change 

if it increases the decentralization and flexibility of the energy system (IEA, 2010). 

The experience of advanced industrialized economies suggests that energy demand 

in transition economies in Europe and Central Asia is likely to be influenced by climate 

change as follows. Warmer weather is likely to shorten the heating season and thus 

reduce demand for energy. However, the increase of energy used for cooling in summer 

months should increase demand and also peak demand during heat waves. These effects 

are likely to offset the energy-saving effect of warmer winters to some extent and can 

also overload the transmission system at critical times. 

Improvements in energy efficiency can reduce the stress on energy delivery 

systems, making the adaptation less capital intensive. Table 3, introduced in the first 

module, shows that a number of transition economies have a huge potential for 

increasing energy efficiency. Significant energy savings could be achieved in industrial, 

housing and transport sectors, providing that these economies continue to catch up to 

energy efficiency levels of leading countries (EBRD, 2011). Energy-efficient building 

codes and fuel-efficient vehicle standards would be particularly important in this 

context. The catch up would reduce significantly the household and industrial demand 

for energy, making the energy system less vulnerable to changing weather conditions. 

  



Module II 

 

31 

TABLE 6.  CLIMATE CHANGE IMPACTS ON ENERGY SUPPLY 

Source Climate driver Impact 

Hydro power 
Heat waves 
Extreme events 

Increased uncertainty of energy output 
Revisions of transmission needs 

Wind power Alteration in wind speed frequency Increased uncertainty of energy output 

Biofuels 
High temperatures 
Extreme events 

Reduced thermal generation efficiency 

Solar power 
High temperatures 
Extreme events 

Reduced solar cell efficiency 
Increased uncertainty 

Thermal power 
plants 

High temperatures 
Extreme events 

Reduced energy generated 
Increased uncertainty 

Nuclear power 
plants 

High temperatures 
Extreme events 

Reduced energy generated 
Increased uncertainty 

Oil and gas Extreme events 
Reduced energy generated 
Increased uncertainty 

Source: Adapted from Ebinger and Vergara (2011). 

Energy and water systems are closely linked because changes in production or 

consumption of one resource require the use of other. Warmer and more variable 

weather affects both sectors and makes the allocation of water for energy, agriculture 

and other competing uses extremely important within and between countries, especially 

in Central Asia. This implies that integrated planning is needed, at both national and 

regional levels.  

ADAPTATION MEASURES 

The World Bank has identified a list of near-term actions to support climate 

change adaptation of the energy sector (Ebinger and Vergara, 2011). The following 

adaptation measures are particularly relevant for countries of transition economies in 

Europe and Central Asia: 

 Explore interactions between water and energy balances; 

 Improve the understanding of climate change impacts on renewable resource 

potential; 

 Explore synergies and tradeoffs between mitigation and adaptation strategies 

for the energy sector; and 

 Identify technological and behavioural options to save cooling energy and 

reduce peak load demand for electricity. 

Given the uncertainty about a precise timing and geographical pattern of future 

climate change impacts, policy makers have to consider systematically the available 

options for coping with such impacts. One option is simply to do nothing, wait for such 

impacts and cope with them subsequently. Alternative options include an adoption of 

various adaptation measures with associated costs and benefits. But which measures 

should be adopted? Decision makers need to avoid both under-adaptation (i.e. spending 

too little on adaptation measures and incurring huge climate change damages) and over-

adaptation (i.e. spending too much on measures that prove to be wasteful). Figure 5 

provides a schematic illustration of a risk-based approach to climate change adaptation. 

This approach enables decision makers to choose best adaptation options in uncertain 

situations with the aid of the cost-benefit analysis (CBA). CBA compares systematically 
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costs and benefits of various adaptation measures, making the choice of cost-efficient 

options feasible. 

FIGURE 5.  A RISK-BASED APPROACH TO CLIMATE CHANGE 

ADAPTATION 

 

Source: ESMAP (2010). 

 
There are eight stages in the risk-based approach: 

 Identification of objectives; 

 Identification of decision making criteria; 

 Assessment of vulnerabilities and risks; 

 Identification of adaptation options and criteria for cost-benefit analysis; 

 Appraisal of options with the aid of cost-benefit analysis; 

 Selection of the best option; 

 Implementation of the option selected; and 

 Monitoring of outcomes. 

The risk-based approach has been used by the World Bank experts and domestic 

stakeholders in Albania and Uzbekistan to identify adaptation priorities in the energy 

sector (Box 4). The first five stages of the assessment process depicted in figure 5. took  

5 - 8 months while costs per country averaged USD 200,000 (ESMAP, 2010). 
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 BOX 4.  ENERGY ADAPTATION IN ALBANIA AND UZBEKISTAN 

The World Bank has developed a hands-on energy adaptation toolkit (HEAT) that 

provides a framework for assessing climate change vulnerabilities and adaptation 

options in the energy sector. The toolkit was used in Albania in 2009 and 

Uzbekistan in 2010. The assessment helped energy stakeholders in both countries 

to identify priorities to support climate smart development. The online version of 

the toolkit is available at http://www.esmap.org/esmap/heat. 

 

The following critical adaptation actions were identified in Albania, a transition 

economy where 90 per cent of electricity is generated in hydro power plants: 

 Improve the quality and dissemination of weather and climate forecasts for 

energy sector planning;  

 Improve energy efficiency and demand-side management; 

 Diversify energy supply domestically and through trade; 

 Ensure that the management and development of water resources integrates 

energy, agriculture, water supply and sanitation, and cross-border concerns as 

well as environmental and social concerns; and 

 Build climate resilience into all new investments. 

Similar priorities may well be relevant for structurally similar economies. In most 

transition economies, housing accounts for a substantial portion of energy demand and 

CO2 emissions. Energy efficient housing would thus contribute to climate change 

mitigation (through reduced emissions) as well as to adaptation (by reducing the stress 

on energy supply networks during peak heating and cooling periods). 

TRANSPORT 

CLIMATE ADAPTATION CHALLENGES 

Climate change is expected to have major impacts on both freight and passenger 

transport. Although most impacts are expected to be adverse, some may be beneficial. 

For instance, warmer weather can open sea-lanes in the Arctic Ocean for large-scale 

commercial shipping. This would cut the distance and time needed for transport of goods 

between Europe, America and Asia, reduce costs of trade and contribute to climate 

change mitigation (through lower greenhouse gas emissions).  

However, in most parts of Europe and Central Asia climate change is likely to have 

predominantly negative impacts on transport infrastructure and operating conditions. 

This may pose a particular problem for economies of Central Asia that have to overcome 

extremely long distances to nearest seaports and challenging weather conditions for 

transport infrastructure maintenance and operations. Potential effects of climate change 

on transport infrastructure in the road and rail sectors are illustrated in Table 7. 

  

http://www.esmap.org/esmap/heat
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TABLE 7.  CLIMATE CHANGE IMPACTS ON ROAD 

AND RAIL INFRASTRUCTURE 

Mode Climate driver Impact 

Road 

Heat waves 
Melting asphalt 
Damage to bridges 

Droughts Degradation of road foundations 

Increased frequency of extreme rainfall 
Landslides and subsidence 
Damage to bridges 

Floods Loss of road strength and bearing capacity 

Extreme heat and cold variability 
Damage to road surfaces and more frequent 
maintenance 

Rail 

Increased frequency of extreme rainfall Increased risk of flooding of rail lines 

Increased winter precipitation, drier 
summers and higher temperatures 

Increased scour of bridges, instability of embankments 
and rail buckling 

Heat waves 
Degradation of power transmission, slope fires and 
overheating of rolling stock equipment 

Storms, high winds and thunderstorms 
Damage to installations, over-voltage and effects on 
signaling 

Source: Adapted from UNECE (2011). 

ADAPTATION MEASURES 

The climate change adaptation needs in the transport sector have yet to be 

assessed systematically in most countries. Some priority adaptation actions for various 

transport modes have been recommended recently by an intergovernmental group of 

experts on climate change impacts and adaptation in transport (UNECE, 2013). The 

recommendations pertaining to the road and rail sectors are presented below in an 

abbreviated form. 

 Road owners should systematically define climate risks and assess 

consequences at network level (e.g. by identifying flood-prone hotspots and 

temperature sensitive network sections), and initiate the development of 

strategies to mitigate such risks in a cost-effective manner; 

 The road design, construction and operation should include: 

 risk assessments that evaluate the exposure, sensitivity, vulnerability, 

resilience and adaptation responses of the road systems, 

 planning of timeframes that consider longer-term climate change effects,  

 adaptation strategies (including implementation procedures);  

 National policies for road transport should include awareness raising and good 

practice sharing schemes, as well as more strategic and long-term approaches 

to spatial planning; 

 In the rail sector, a constructive way forward is to begin quantifying changes 

related to safety risk and traffic delays that are likely to be induced by 

unforeseen weather events while taking into account: 

 different types of weather sensitive infrastructure and their spatial 

distribution (e.g. track, drainage, overhead electrification equipment), 

 historical data on the delays caused by weather-related incidents, 

 current values used in risk models for weather-related precursors to 

hazardous events and predicted harm to people, 
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 quantitative estimates of likely changes in the occurrence of extreme 

events, based on current industry intervention levels (temperature, flood 

levels, wind gust speeds, etc.), 

 common education and awareness improvements, starting within the 

railway industry staff; 

 Studies of impacts of more frequent extreme storms and, in particular, of 

intense downpours, heat waves, floods and extreme winds on the rail network 

should not only assess accident risks in the design process (standard practice) 

but also identify precautionary measures needed to improve resilience to 

climate change; and 

 Rail infrastructure is designed to be used over long periods of time (often > 100 

years) and therefore climate adaptation needs should be considered well in 

advance. 

The expert group recommendations pertaining to inland waterways are not listed 

here, given their limited importance for transport networks in the Caucasus and Central 

Asia. However, three countries of the subregion (Azerbaijan, Kazakhstan and 

Turkmenistan) have ports on the climate-sensitive Caspian Sea. Therefore, some of the 

recommendations of the expert group pertaining to ports might be of interest: 

 Facilities that face manageable risks might require mostly risk management 

and emergency response planning while termination of port facilities should be 

the last resort only;  

 To understand the significance of climate change-induced risks for a given port, 

it is necessary to analyze the factors affecting the port performance and 

evaluate weather impacts, taking into account existing vulnerabilities, critical 

thresholds and climate change assessments/forecasts; and 

 The extent of climate change impacts on ports will vary greatly, though there 

are some key risk areas that all ports should consider. 

Similarly as in other sectors, the priority of adaptation measures can be 

determined with the aid of cost-benefit analysis. Transport decision makers can use 

guidelines for applying the cost-benefit analysis in countries with transition economies 

that are available in English, French and Russian versions (UNECE, 2003). These 

guidelines provide a useful planning tool that can facilitate considerably the appraisal 

and selection of transport infrastructure projects. 

HEALTH 

CLIMATE ADAPTATION CHALLENGES  

A number of health experts consider climate change to be the biggest health threat 

in the 21st century (Costello, 2009). Direct health consequences of heat waves, extreme 

weather events, and temperature-enhanced levels of urban air pollution are well known. 

Indirect risks are related to climate change effects on food yields, water flows, infectious-

disease vectors, and (for zoonotic diseases) intermediate-host ecology. Other indirect 

impacts manifest themselves as mental health problems in failing farm communities, 

displaced groups, disadvantaged indigenous and minority ethnic groups (McMichael, 

2013). 
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Warmer and more extreme weather is reflected in an increasing incidence and 

intensity of floods, heat waves and draughts. Extreme weather events pose a number of 

direct and indirect public health risks.  Direct risks include heat exhaustion and fires 

caused by heat waves. For instance, the 2003 heat wave caused some 70,000 deaths in 

Europe and Central Asia. The 2010 heat wave in Russia caused probably some 55,000 

premature deaths. Another direct risk is posed by floods that killed hundreds of people 

since 2000 in Central and Eastern Europe, the Caucasus and Central Asia. Landslides in 

the Caucasus and Central Asia contributed to the revival of malaria in late 1990s, a 

disease thought to have been eradicated. Indirect risks result from consequences of 

extreme weather events such as malnutrition and migration. Figure 6 illustrates both 

direct and indirect impacts of climate change on health. 

FIGURE 6.  CLIMATE CHANGE IMPACTS ON HEALTH 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Adapted from McMichael (2013). 
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According to UN estimates some USD 73 billion per year will be needed globally for 

adaptation measures by 2030, including USD 5 billion spent directly by the health sector 

and over USD 25 billion by sectors influencing public health, such as water supply and 

sanitation. Most governments have however no reliable estimates of climate adaptation 

expenditures by sector. 

Responses to climate change challenges in the health sector in advanced 

industrialized countries include initiatives that aim to improve: 
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 Monitoring of emerging health risks; 

 Public communication pertaining to specific health risks; 

 Identification of vulnerable groups (e.g. children, seniors, marginalized groups); 

and 

 Emergency response plans. 

In spite of these initiatives, public health responses to warmer and more 

unpredictable weather are predominantly reactive rather than anticipatory. The 

situation tends to be worse in transition economies where the funding for public health 

systems is relatively modest and the cost of extreme weather events in terms of fatalities 

and diseases relatively high. An ongoing pilot project in Uzbekistan may produce some 

interesting lessons for climate change adaptation in the health sector for other countries 

of the Caucasus and Central Asia (Box 5). 

BOX 5.  PILOT ADAPTATION MEASURES TO PROTECT HUMAN 

HEALTH IN UZBEKISTAN 

Uzbekistan is one of the seven countries participating in the first global climate 

change and health adaptation project administered by the World Health 

Organization and United Nations Development Programme. The project seeks to 

find solutions for the health risks caused by climate change. In Uzbekistan, the 

project aims to pilot adaptation measures in Tashkent and Syrdarya provinces 

during the 2011-2014 period. Expected benefits of the project include: 

 Reduction of the acute intestinal, cardiovascular and respiratory diseases 

induced by climate change; 

 Improved general health of population; 

 Development of skills to monitor climate change and make preventive steps to 

minimize negative health impacts;  

 Enhanced knowledge of the general public about self-protection against 

climate-sensitive diseases; and 

 Development of practical tools to cope with climate variability and change. 

Additional information about the project is available at: 

http://www.adaptationlearning.net/project/piloting-climate-change-adaptation-

protect-human-health-uzbekistan. 

 

URBAN AREAS 

CLIMATE ADAPTATION CHALLENGES 

Climate change impacts tend to be most powerful in cities with high concentrations 

of population and interconnected infrastructure networks. In Europe about 75  per cent 

of people live in urban areas (EEA, 2012). In Central Asia the share of population living 

in urban areas is projected to rise from 47  per cent at present (ranging from 27  per cent 

in Tajikistan to 55  per cent in Kazakhstan) to 55  per cent in 2050 (Center for Economic 

Research, 2013).  

http://www.adaptationlearning.net/project/piloting-climate-change-adaptation-protect-human-health-uzbekistan
http://www.adaptationlearning.net/project/piloting-climate-change-adaptation-protect-human-health-uzbekistan
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The climate change impacts affecting cities in Europe and Central Asia result 

mainly from heat waves, floods, water scarcity and droughts (Table 8). Given the 

economic importance of urban agglomerations, the cost of such impacts in terms of 

human life and lost income and wealth can be considerable. For instance, the average 

cost of water scarcity and droughts in the European Union exceeds 6 billion euros per 

year (EEA, 2012). 

TABLE 8.  CLIMATE CHANGE IMPACTS ON URBAN AREAS 

Climate driver Impact 

Heat  

Loss of life  
Energy supply interruptions 
Water supply problems 
Deterioration of transport services 

Flooding 

Loss of life and disease (contamination, post-traumatic stress disorders) 
Disruption of communications network 
Damage to infrastructure (energy, transport, water utilities) 
Damage to private and public property 
Deterioration of groundwater quality 

Water scarcity and droughts 

Water-borne infectious diseases 
Water supply problems 
Energy supply interruptions 
Deterioration of groundwater quality 
Damage to buildings 

Source: Adapted from EEA (2012). 

ADAPTATION MEASURES 

Three basic adaptation approaches can be used to address climate change impacts 

in urban areas: gray, green and soft (EEA, 2012). The ‘grey’ approach aims to enhance 

the climate resilience of infrastructure and protect people with the aid of physical 

interventions and construction measures. The ‘green’ approach aims to improve the 

resilience of ecosystems and use their services to achieve adaptation solutions. The ‘soft’ 

approach uses spatial planning, knowledge transfer and economic incentives to reduce 

vulnerability and encourage adaptive behaviour. Associated with the specific approaches 

are innovative grey, green and soft technologies for climate change adaptation. 

Grey adaptation measures in European cities include: 

 Climate proofing of buildings; 

 Innovative design of new buildings to enhance resilience; 

 Intelligent urban design to improve ventilation; 

 Maintenance and upgrades of municipal water, sewage and drainage systems;  

 Dams and flood defenses; 

 Water saving devices; 

 Water recycling systems; 

 Rain water harvesting systems; 

 Water supply from remote areas (pipelines); and 

 Desalination plants. 

Green adaptation measures include: 

 Expansion of green urban areas (parks, gardens, wetlands, green roofs); 

 Allowing the passage of fresh air into urban areas; 
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 Maintaining green areas inside and outside of cities for flood retention; 

 Water storage in wetlands for later use; and 

 Use of the plants adapted to drought conditions. 

Soft measures include: 

 General awareness raising; 

 Forecasting and early warning systems; 

 Identification of heat islands in cities; 

 Improving the preparedness of healthcare and social systems;  

 Stricter building codes to improve resilience; 

 Insurance for extreme weather events; 

 Cost-reflective pricing of municipal water services; 

 Restriction of water use;  and 

 Organization of emergency water supply. 

The measures mentioned above have yet to be implemented in many parts of 

Eastern Europe, Caucasus and Central Asia. The old (Soviet-era) electricity, gas, water, 

sewage, heating and other utilities have deteriorated to a large extent and massive 

investment is needed soon to replace them with modern infrastructure systems that 

would reflect current and expected urban patterns (Center for Economic Research, 2013). 

This long overdue infrastructure investment upswing presents an opportunity for these 

countries to leap ahead in climate change adaptation while taking advantage of the 

available experience in advanced industrialized countries. 

SUMMARY 

1. Climate change is likely to have significant and mostly negative impacts on various 

sectors (agriculture, water, energy, transport, health) and in urban areas. Tables 4 – 8 

and Figure 6 show such impacts.  

2. There are two basic policy options for responding to climate change impacts. One 

option is to do nothing and cope with such impacts reactively. The other option is to 

implement protective adaptation measures in advance. Figure 5 illustrates the proactive 

approach to adaptation, entailing an involvement of stakeholders and choice of cost-

effective policy options. 

3. Adaptation measures aim to reduce adverse climate change impacts or take advantage 

of positive impacts. A number of such measures are listed in the sections dealing with 

specific sectors and urban areas.  

4. Adaptation measures entail a number of innovations, consisting of new grey, green 

and soft technologies. The former consist of improved technical and construction 

measures while the latter utilize ecosystem services, spatial planning and economic 

incentives.  

5. Adaptation challenges are particularly demanding in countries of Eastern Europe, 

Caucasus and Central Asia, due to a number of physical and economic factors, including 

the ageing and inadequate infrastructure inherited from the Soviet era. Policy makers in 

these countries should ensure that the drive to modernize ageing infrastructure is 

complemented by an adoption of good adaptation planning practices.   
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GLOSSARY 

Climate change refers to a persistent change in the mean and/or the variability of 

climate properties. 

Climate change adaptation refers to the adoption of policies and practices to 

prepare for the effects of climate change. 

Climate change mitigation refers to the adoption of policies and practices that 

reduce greenhouse gas emissions of economic activity. 
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Cost-benefit analysis refers to a systematic comparison of the costs and benefits 

associated with projects or government policies. 

Greenhouse gases refer to carbon dioxide, nitrous oxide, methane, ozone and chloro-

fluorocarbons occurring naturally and resulting from human activities, and contributing 

to the greenhouse effect (global warming). 

Technology refers to the state of technical knowledge. 

Sustainable development is a process that meets the needs of the present without 

compromising the ability of future generations to meet their own needs. It contains two 

key concepts: the concept of needs, in particular the essential needs of the world's poor, 

to which overriding priority should be given; and the idea of limitations imposed by the 

state of technology and social organization on the environment's ability to meet present 

and future needs. 

ADDITIONAL RESOURCES 

The UNECE publication entitled Guidance on Water and Adaptation to Climate 

Change provides advice to decision makers and water managers on how to assess 

impacts of climate change on the water sector as well as how to design and implement 

appropriate adaptation strategies (UNECE, 2009). The production of the Guidance was 

based on the collaboration of more than 80 experts from 25 countries of the ECE region 

and a number of international organizations.  

Annex II of the Guidance consists of a checklist that is provided as a tool for self-

assessment of a country’s current position. The checklist was designed to help decision 

makers and policy makers identify and address bottlenecks in their country’s progress to 

effective climate change adaptation.  

The Guidance can be downloaded free of charge in English, French and Russian at:  

http://www.unece.org/fileadmin/DAM/env/water/publications/documents/Guidance_water

_climate.pdf - in English,  

http://www.unece.org/fileadmin/DAM/env/water/publications/documents/Guidance_water

_climate_f.pdf - in French,  

http://www.unece.org/fileadmin/DAM/env/water/publications/documents/Guidance_water

_climate_r.pdf - in Russian.  
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QUESTIONS FOR DISCUSSION AND 

MULTIPLE CHOICE TEST 

QUESTIONS FOR DISCUSSION 

1 .  Which sectors are most vulnerable to climate change impacts in your country? 

What would be the best way to enhance their resilience? 

 .................................................................................................................................................  

 .................................................................................................................................................  

2 .  Which sectors could take advantage of beneficial effects of climate change in your 

country or region? How? 

 .................................................................................................................................................  

 .................................................................................................................................................  

3 .  What are the advantages of a risk-based approach to climate change adaptation? 

 .................................................................................................................................................  

 .................................................................................................................................................  

MULTIPLE CHOICE TEST 

Check the best answer. (Correct answers can be found on page 144) 

Q U E S T I O N  1  

Climate change adaptation in the agricultural sector can include: 

A. Improved irrigation. 

B. Improved provision of hydrometeorological information to farmers. 

C. Relocation of rural population from most sensitive areas. 

D. All of the above.  Your answer: ...................  

Q U E S T I O N  2  

Weather conditions affect: 

A. Production in all sectors equally. 

B. All countries equally. 

C. Agriculture more than manufacturing. 

D. None of the above.  Your answer: ...................  
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Q U E S T I O N  3  

Adaptation measures in flood-risk areas do not include: 

A. Improved irrigation. 

B. Construction of dykes. 

C. Land use management. 

D. Upgrading of transport infrastructure.  Your answer: ...................  

Q U E S T I O N  4  

Adaptation measures in drought-prone areas can include: 

A. Improved irrigation. 

B. Switching to less water-intensive crops. 

C. Adoption of water-saving technologies. 

D. All of the above.  Your answer: ...................  

Q U E S T I O N  5  

Climate change adaptation measures in the energy sector aim to: 

A. Make the energy sector more resilient to extreme weather events. 

B. Increase the centralization of power supply. 

C. Increase demand for electricity. 

D. None of the above.  Your answer: ...................  

Q U E S T I O N  6  

Energy and water systems tend to be: 

A. Unrelated. 

B. Closely linked. 

C. Both A and B. 

D. None of the above.  Your answer: ...................  
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Q U E S T I O N  7  

Climate change impacts on health can result in: 

A. Premature deaths. 

B. Injuries. 

C. Infectious diseases. 

D. All of the above.  Your answer: ...................  

Q U E S T I O N  8  

Many health experts consider climate change to be: 

A. The biggest health threat in the 21st century. 

B. A relatively unimportant health risk in the 21st century. 

C. A predominantly positive health factor in the 21st century. 

D. None of the above.  Your answer: ...................  

Q U E S T I O N  9  

Climate change is expected to have major impacts on 

A. Freight transport. 

B. Passenger transport. 

C. Both A and B. 

D. None of the above.  Your answer: ...................  

Q U E S T I O N  1 0  

Cost-benefit analysis can be used to prioritize adaptation measures in the following 

sectors: 

A. Energy. 

B. Water. 

C. Transport. 

D. All of the above.  Your answer: ...................  

 


