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Europe and Central Asia
The Europe and Central Asia region encompasses a wide range of geographic features ranging from the mountains to coasts in
the Western Balkans and from the vast plains of Central Asia to Russia’s boreal forests. In the Western Balkans and Central Asia,
heat extremes and reduced water availability become threats as temperatures rise toward 4°C. This includes earlier glacier melt
in Central Asia and shifts in the timing of water flows, and a higher risk of drought in the Western Balkans, with potential declines
for crop yields, urban health, and energy generation. In Macedonia, for example, yield losses are projected of up to 50 percent for
maize, wheat, vegetables and grapes at 2°C warming. Flood risk is expected to increase slightly along the Danube, Sava and Tisza
rivers, and a slight decrease in 100-year flood events is projected in the southern parts of the Western Balkans. At 2°C warming,
methane emissions from melting permafrost could increase by 20–30 percent across Russia in the mid‐21st century.

5.1 Regional Summary
The Europe and Central Asia region in this report covers 12 countries64 within Central Asia, the Western Balkans, and the Russian
Federation. The region encompasses a wide range of geographic
features ranging from the mountainous and partly coastal Western
Balkans to the vast plains of Central Asia and Russia’s boreal forests. The region is inhabited by 226 million people; the population
is, however, unequally distributed, with Kazakhstan having only
six inhabitants per square kilometer and Kosovo as many as 166
inhabitants per square kilometer. The urbanization rate is about
50 percent. The population in Russia and the Western Balkans is
projected to decline slightly, while the population of Central Asia
is projected to increase sharply by 2050.
The region’s importance is closely related to its rich natural
resources, including gas and oil reserves as well as carbon stored
in the boreal forests (the extraction and maintenance of which
affect worldwide climate mitigation goals). Due to the geographical
exposure as well as a relatively high share of agriculture in regional

64
The Europe and Central Asia region in this report includes the following countries:
Albania, Bosnia and Herzegovina, Kazakhstan, Kosovo, the Kyrgyz Republic, the
Former Yugoslav Republic of Macedonia, Montenegro, the Russian Federation, Serbia,
Tajikistan, Turkmenistan, and Uzbekistan.

GDP, poverty rates that are increasing in recent years, inequalities
and relatively poor social services and public infrastructure, the
region is highly vulnerable to climate change impacts.
In climatic terms, the region displays a clear dipole: regions in
the southwest become drier and regions in the northeast become
wetter as the world warms toward 4°C. These warming conditions
lead to a high risk of drought in the west and challenges to stable
freshwater supplies in the east, where changes in precipitation
combine with glacial melt to affect the seasonality of river discharge.

5.1.1 Regional Patterns of Climate Change
5.1.1.1 Temperature
Warming over Europe and Central Asia is projected to be above
the global mean land warming. In a 2°C world, the multi-model
mean warming by the end of the century is about 2.5°C above
the 1951–1980 base period. This level of warming is reached by
mid-century and then remains constant until the end of the century
in a 2°C world. In contrast, in a 4°C world, summer warming
continues almost linearly until the end of the century, reaching
about 8.5°C above the 1951–1980 baseline by 2100 for the region’s
land area (Figure 5.1). The most pronounced warming is projected
to occur in Northern Russia in the region bordering the BarentsKara Sea, along the Black Sea coast (including the Balkans), and
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Figure 5.1: Multi-model mean temperature anomaly for RCP2.6 (2˚C world, left) and RCP8.5 (4˚C world, right) for the months of
June-July-August for the Europe and Central Asia region.

Temperature anomalies in degrees Celsius are averaged over the time period 2071–2099 relative to 1951–1980.

in Northern China and Mongolia. In these areas, mean summer
temperatures by 2071–2099 will increase by about 3.5°C in a 2°C
world and by about 7.5°C in a 4°C world.

5.1.1.2 Heat Extremes
One of the clearest climate change signals is the strong increase in
threshold-exceeding heat extremes65 in the region surrounding the
Black Sea, (and, in particular, the Balkans). Here, even in a 2°C
world, highly unusual heat extremes, with temperatures warmer
than three standard deviations beyond the baseline average, will
occur in about 20–30 percent of summer months by 2100, and
unprecedented heat extremes will occur between 5–10 percent of
summer months. For the whole region, about 15 percent of the land
area is projected to be affected by highly unusual heat extremes in
a 2°C world by the end of the century, while unprecedented heat
extremes will remain almost absent. In contrast, in a 4°C world,
85 percent of land area in the region is projected to be affected by
highly unusual heat extremes; 55 percent of the area is projected
to be affected by unprecedented heat extremes by 2100. Most of the
heat extremes will occur south of approximately 50°N, stretching
from the Balkans all the way to Japan. The number of tropical
nights south of approximately 50°N is expected to increase by
20–30 days in a 2°C world and by 50–60 days in a 4°C world.

5.1.1.3 Precipitation
The basic concept of the “dry-getting-drier and wet-getting wetter”
under climate change is a good first order estimate for Europe and
Central Asia. The relative wetting of the Northeast, (i.e., Siberia)
is the most pronounced signal, possibly associated with a shift in

65
In this report, highly unusual heat extremes refer to 3-sigma events and unprecedented heat extremes to 5-sigma events (see Appendix).

storm tracks. The increase in precipitation is far more pronounced
during the winter than during the summer.
Despite an overall negative trend in extreme precipitation
events, regional and seasonal projections for the Balkans remain
inconclusive in a 2°C world. However, 20–30 percent reductions
are projected for a 4°C world. Although projections of precipitation for the Central Asian countries suffer from substantial model
uncertainties, the overall trend for heavy precipitation intensity is
below the global average.
Central and Eastern Siberia is one of the regions expected to
experience the strongest increase in heavy precipitation events.
Heavy precipitation events with a 20-year return time are projected
to intensify by over 30 percent in this region and the return time
of such extremes from the 20-year reference period (1986–2005) in
a 4°C world is projected to fall below five years by the end of the
21st century. Changes are much weaker (greater than 10 percent
increase in intensity and 10–15 year return times) in a 2°C world.

5.1.1.4 Drought and Aridity
In a 2°C world around five percent more land in the region will
be affected by aridity; in a 4°C world, the land area classified as
hyper-arid, arid, or semi-arid will increase by more than 30 percent (Figure 5.2). The Western Balkans is projected to suffer
from increased drought conditions. Though changes in annual
precipitation are weak, the Balkans and the region surrounding the Caspian Sea are projected to become more arid due to
warming-induced drying.
Projections for future drought also mimic the overall trend
toward a wetter climate. Some projections even show a negative change in drought risk for the eastern Siberia under a 4°C
world. Projections for central and eastern Russia, meanwhile, are
inconclusive.
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Figure 5.2: Multi-model mean of the percentage change in the aridity index (AI) for RCP2.6 (2˚C world ) (left) and RCP8.5 (4˚C
world) (right) for the Europe and Central Asia region by 2071–2099 relative to 1951–1980.

Hatched areas indicate uncertain results, with two or more out of five models disagreeing on the direction of change. Note that a negative change corresponds to a shift to more arid conditions.66

5.1.2 Regional Sea-level Rise
The countries of the ECA region considered here (excluding Russia) cover a relatively short stretch of coast that is affected by sea
level rise. The sea-level rise in the region is projected to reach
0.52 m on average (0.37–0.9 m) in a 4°C world from 2081–2100
above the 1986–2005 baseline, with rates of increase of 10.1
mm per year (5.9–19.6 mm/yr) from 2081–2100. This is slightly
below the global mean. One of the most vulnerable coasts in
the region is the Drini-Mati River Delta in Albania. The sea level
in the Caspian Sea, that is completely isolated from the global
ocean, is projected to fall by 4.5 m by the end of the century due
to increased evaporation.66

5.1.3 Sector-based and Thematic Impacts
5.1.3.1 Glaciers and Snow
The enhanced runoff from the glaciers is expected to continue
over the 21st century. Projections of glacier change use different
scenarios applied to different geographical regions for different
reference periods, making direct scenario comparisons rather
difficult. In all projections, however, glaciers are expected to lose
more than half of their volume by 2100. The loss of stored water
implies increased runoff in the coming decades, followed by a
significant shortage until the store is completely emptied.

66
Some individual grid cells have noticeably different values than their direct
neighbors. This is due to the fact that the aridity index is defined as a fraction of
total annual precipitation divided by potential evapotranspiration (see Appendix).
It therefore behaves in a strongly non-linear fashion and year-to-year fluctuations
can be large. As the results are averaged over a relatively small number of model
simulations, this can result in local jumps.

The principal driver behind the glacier volume and snow
cover change is air temperature. Projections show approximately
50 percent (31–66 percent) glacier volume loss in Central Asia in
a 2°C world and approximately 67 percent (50–78 percent) glacier volume loss in a 4°C world. A temperature rise higher than
1.1°C will cause the small glaciers of the Balkans (Albanian Alps
and Montenegrin Durmitor) to melt completely within decades.

5.1.3.2 Water
River flows in Central Asia will in general be lower during the
summer months when the vegetation is present, while winter
runoff may increase. Climate change in the region is likely to
have consequences for runoff seasonality, and a shift in the peak
flows from summer to spring can be expected due to earlier snow
melt. This may increase water stress in summer, in particular in
unregulated catchments. The annual amount of water in rivers
is not likely to decrease considerably, at least until the middle of
the century when glacier depletion will cause a distinct decrease
in water volume of Central Asian rivers. Over the short-term,
enhanced glacier melt rates will provide an inflow of additional
water into the rivers, though in the more remote future, when
glaciers are shrinking, their buffer effect will disappear. This effect
will be more pronounced for the Amu Darya, because of its actual
higher share of glacier melt water, than for the Syr Darya.
Very few scientific studies about regional impacts on water
resources and river runoff levels are available for the Western
Balkan countries, with most projections done on a broader European level. In particular, there is a lack of area-wide hydrological
data, especially since the 1990s. Water availability over summer
months In the Balkans is assumed to decrease considerably until
the end of the century. In the northern parts of the Balkans, spring
and winter riverine flood risk can increase. Results from a global
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study show severe decreases in annual discharge in the Western
Balkans of more than 45 percent in a 4°C world.

5.1.3.3 Agriculture
Central Asia’s agricultural sector is highly dependent on irrigation water availability, and the impact climate change will have
on agriculture in both Central Asia and the Western Balkans is
significant. Changing precipitation patterns, reduced runoff in the
major river basins, and increasing temperatures will put additional
pressure on available water resources (and, at the same time,
increase agricultural water demand). Prolonged periods of above
average temperatures will exacerbate heat stress of agricultural
crops, leading to decreasing plant productivity. Droughts, meanwhile, are very likely to increase desertification in the Kyrgyz
Republic and Kazakhstan.
• Yields. Yields for a few crops, including alfalfa, grasslands,
and wheat in parts of the region are projected to increase in
parts of the region. The overwhelming majority of results,
however, point toward decreasing crop yields. Climate change
is also likely to increase heat stress and change river runoff
reducing agricultural yields in the long term. In the Western
Balkans, the increasing occurrence of droughts will be a
major threat to agricultural production under climate change;
conversely so will the increasing appearance of extreme rain
and flood events.
• Livestock. Increasing temperatures and reduced water availability will negatively impact livestock production. Pasture
growth and regeneration rates are expected to decline in parts
of Central Asia. If producers react to the changes by increasing
livestock numbers, pastures might be at added risk from overgrazing and erosion. In the areas where productivity of alfalfa
and grasslands is projected to increase (e.g., in Uzbekistan),
the indirect effect of climate change on livestock production
might be positive.
• Food Security. The rural population in Central Asia is at a
particular risk of food insecurity, and there have been recent
cases of a direct hunger threat. Rising food prices that might
follow production declines will affect the poorest social groups
(i.e., people who spend a large portion of their income on
food). There are, however, opportunities to increase regional
agricultural production efficiency by, for example, improving
agricultural policies and institutions as well as by improving production infrastructure and technology. Finally, while
access to international food markets could lead to higher food
security and lower prices, the region is not well integrated into
international trade networks.

5.1.3.4 Human Health
A number of diseases and adverse health conditions are already
present across Eastern Europe and Central Asia, and it is

anticipated that some of these will be affected by such climatic
changes as increased temperatures and more frequent and
intense rainfall and drought events. A lack of certainty about
the mechanisms through which climate change affects the incidence of diseases, however, prevents strong claims about future
trends. In general, however, higher temperatures correlate to an
increased occurrence of tick-borne encephalitis and mosquito
transmitted malaria and dengue fever. Malaria is endemic in
Tajikistan; since the 1990s, it has reoccurred in Uzbekistan,
the Kyrgyz Republic, and Turkmenistan. Furthermore, there is
evidence providing stronger indications of an increased risk of
dengue in the Western Balkans.
Historical observations show that increased temperatures, as
well as extreme weather events such as floods can lead to drinking water contamination, salmonellosis, cholera, typhoid, and
dysentery. Evidence from Albania and Macedonia in the Western
Balkans, as well as Tajikistan and Kazakhstan in Central Asia,
show an increased vulnerability of heat related strokes and mortalities. Severe floods, like those that occurred in recent years in
Serbia, as well as glacial outbursts in the mountains of Tajikistan,
Uzbekistan and the Kyrgyz Republic, increase vulnerability to
injuries and drowning.

5.1.3.5 Energy
Climate change will have a strong impact on the region’s energy
sector. In Central Asia, the demand for electricity is expected
to rise as a consequence of population growth, and current and
projected economic growth. Hydroelectricity can play a major
role in the future energy mix of the Central Asian countries, as
only 8 percent of the hydropower potential of the region has
been developed. Changes in climate and melting of glaciers
generally mean that the amount of water available for power
generation could increase, but the new pattern of intra-annual
runoff distribution means that less water will be available for
energy generation in the summer. Changes in reservoir management and the need to balance water requirements for agriculture
may also have a negative impact on energy availability over the
summer months.
Due to changes in river water temperatures and river flows, the
capacity of nuclear and fossil-fueled power plants in Southern and
Eastern Europe could decrease from 6.3 percent to 19 percent in
Europe from 2031–2060 compared to the production levels observed
from 1971–2000. Furthermore, due to the increased incidence of
droughts and extreme river low flows, the mean number of days
during which electricity production will be reduced by more than
90 percent is projected to increase threefold; from 0.5 days per
year (in present days) to 1.5 days per year from 2031–2060 under
1.5˚C global warming. The challenge to meet growing energy
demands in the Western Balkans will be further intensified by a
reduction in energy generation from hydropower sources as the
result of decreases in precipitation.
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5.1.3.6 Security and Migration
Climate change impacts will intensify in Central Asia and contribute to increasing the population’s overall physical, economic, and
environmental insecurity. A key vulnerability is the high exposure
of the densely populated, agriculturally productive Fergana Valley
region to catastrophic floods and mudflows as a result of glacial
lake outbursts.
Forecasting migration patterns is a challenge because of both
the complexity of these phenomena and the low reliability of and
significant gaps in existing datasets particularly with respect to
information on environmental problems (including disasters) and
environmentally induced migration.
The Western Balkans, especially those nations bordering the sea,
are projected to experience sea-level rise and hotter temperatures;
this is expected to result in growing numbers of people moving
from coastal zones to cooler mountainous zones. Migration in the
Western Balkans has already led to severe demographic changes,
which coupled with an aging population is expected to lead to
further increased regional climate change sensitivity as a result
of decreased adaptive capacity.
In Central Asia, the majority of the population lives in climate
hotspot areas, with projected increase in the intensity and frequency
of extreme events (e.g. forest fires, heat waves, floods). The rural
population is among those that is the most vulnerable, and an
increased rural-to-urban migration could be expected. Women are
particularly vulnerable, since they typically remain behind in the
countryside to manage their households as men migrate to urban
areas. Taking into account the urbanization trends in Central Asia,
the vulnerability of cities to catastrophes might increase.

5.1.3.7 Forests of the Russian Federation
Russia’s forest covers a large area with a huge amount of carbon
stored in the soil and vegetation. Future projections highlight
changes in productivity (both increasing and decreasing, depending
on species, region, site and so forth) and vegetation composition
which will typically be stronger under a 4°C world than a 2°C
world. Changes in species composition toward better-adapted tree
species may buffer productivity losses, but they will also lead to
a change in the forest structure and biodiversity.
The region includes a large forest area affected by permafrost
which contains large stock of carbon and methane. In general,
changes in the carbon, water and energy fluxes of Russia’s forests
may strongly affect local, regional, and global forest resource availability, ecosystem functioning, services such as carbon storage
and biodiversity, and even feedback on the global climate system.
Substantial research gaps exist, for example, regarding the effect
of disturbances such as fire and insect outbreaks on vegetation
cover or carbon stocks and how climate change will change forest
productivity under concomitant changes of growing conditions,
disturbance regimes, and forest management practices.

5.1.4 Overview of Regional Development
Narratives
The development narratives build on the climate change impacts
analyzed in this report (cf., Table 5.7) and are presented in more
detail in Section 5.5. Increasing climate variability and changing
climate are expected to threaten agricultural and energy production in the region by changing the hydrological snow, and glacial
regimes. Furthermore, climate change in interaction with vegetation
shifts and fires threaten forest productivity and carbon storage in
the Eurasian forests. The exposure to climatic changes in combination with the regional social vulnerability patterns could have
negative consequences on key development trends.
• Water resources in Central Asia are projected to increase
during the first half of the century and decline thereafter,
amplifying the challenge of accommodating competing
water demands for agricultural production and hydropower
generation. The timing of river flows is projected to shift from
summer to spring, with adverse consequences for water availability in critical crop-growing periods. An intensification of the
runoff variability is expected to increase in all river basins in the
region. The competition for water resources between key sectors
(e.g., agriculture and energy), as well as between upstream and
downstream water users, can therefore be expected to intensify.
Until 2030 the contribution of glacial melt water to river runoff
might lead to an increase in river runoff and partially offset the
runoff variability. In the second half of the century, however,
runoff generation of melt water in the mountainous parts of
the river basins is likely to decline substantially. An increasing
population, followed by increased water and energy demand,
will put an additional pressure on scarce resources. Improving
irrigation water management and efficiency of irrigation infrastructure, institutional and technical advancements in agriculture,
integrated transboundary river management, and new employment opportunities outside agriculture could counterbalance the
negative impacts of these environmental changes.
• Climate extremes in the Western Balkans pose major risks
to agricultural systems, energy and human health. The vulnerability of the Western Balkans to climatic changes is mainly
related to rain-fed agricultural production and the high share of
the population that is dependent on income from agriculture.
There are, however, projections showing production increases
for irrigated crops in parts of the region (for example, C4
summer crops and tubers in Serbia). Increased temperatures
as well as both droughts and extreme river flows could pose
further challenges to energy production. Recent floods and
landslides illustrate the threats of extreme events to human
health and well-being. In addition, the climatic conditions in
the region are becoming increasingly suitable to dengue fever
and other vector-transmitted diseases such as dengue fever.
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• The responses of the permafrost and the boreal forests of Russia
to climate change have consequences for timber productivity
and global carbon stocks. Changes to carbon fluxes in response
to rising temperatures, changing precipitation patterns, and interactions with disturbance regimes in the forest and permafrost
areas in the region can have far-reaching repercussions—affecting
the global carbon stock and having an effect on albedo in the
northern hemisphere. While climate change can increase the
productivity of some tree species, heat waves, water stress, forest
fires, and an increased incidence of tree pests and diseases could
counterbalance any positive effects. Improving forest management and sustainable wood extraction are of key importance
as is sustainable and far-sighted management of Russian forest
ecosystems, including addressing key research gaps.

5.2 Introduction
5.2.1 General Characteristics
The report covers 12 countries located in the Europe and Central
Asia region (ECA) in three sub-regions:

across the region. Central Asia is less densely populated, with
Kazakhstan (with six people per square kilometer) and Russia
(with nine) being the least densely populated and Uzbekistan
(with 70 people per square kilometer) and Tajikistan (with 57)
being the more densely populated. In the Western Balkans, the
least densely populated country is Montenegro (with 46 people
per square kilometer) and the most densely populated countries
are Kosovo (with 166 people) and Albania (with 102 people per
square kilometer). On average, half of the region’s population
lives in urban areas (World Bank 2013b). In most countries in
the region population numbers have stabilized in recent years
and population projections show on average 27 percent population declines for Russia and Eastern Europe (including Western
Balkans) and 50 percent population increases in Central Asia by
2050 (Lutz 2010).
ECA is a region with relatively low levels of per-capita annual
GDP, ranging from $800 in Tajikistan to $14,000 in Russia. Agricultural production contributes an important share to the local
economies, especially in Tajikistan, the Kyrgyz Republic, Uzbekistan, and Albania (World Bank 2013b)(see Table 5.1).

• Central Asia: Kazakhstan, the Kyrgyz Republic, Tajikistan,
Turkmenistan, and Uzbekistan.

5.2.2 Socioeconomic Profile of ECA

• Western Balkans: Albania, Bosnia and Herzegovina, Kosovo,
the Former Republic of Macedonia, Montenegro, and Serbia.

All countries in the ECA region underwent a transition at the
end of the 20th century from various types of closed, plan-based
economies to more open and free market-based ones. This transition, with the dissolution of trade networks and production shifts,
was accompanied by a steep increase in poverty and inequality
within the region. In 1990, only 1.9 percent of the population
in the ECA region was affected by poverty; this number grew to

• Russia.
The total population of the region is 226 million people, with
the highest share living in Russia and the fewest people living in
Uzbekistan and Montenegro. The population is unevenly distributed

Russian Federation

Bosnia and Herzegovina
Serbia
Kosovo
FYR Macedonia
Albania
Montenegro

Kazakhstan
Uzbekistan
Turkmenistan

Kyrgyz Rep.
Tajikistan

IBRD 41280 OCTOBER 2014

This map was produced by the Map Design Unit of The World Bank.
The boundaries, colors, denominations and any other information
shown on this map do not imply, on the part of The World Bank
Group, any judgment on the legal status of any territory, or any
endorsement or acceptance of such boundaries.
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Table 5.1: Basic socioeconomic indicators in ECA countries.

GDP PER CAPITA

AGRICULTURE,
VALUE ADDED1

LIFE
EXPECTANCY
AT BIRTH²

ANNUAL %

CURRENT
1000 US$

% OF GDP

YEARS

2012

2012

2009–2010

2011

POPULATION

URBAN
POPULATION

URBAN
POPULATION
GROWTH

UNIT

MILLION

% OF
POPULATION

YEAR

2011

2012

INDICATOR

ID

SP.POP.TOTL

SP.URB.TOTL.IN.ZS SP.URB.GROW

NY.GDP.PCAP.CD

NV.AGR.TOTL.ZS SP.DYN.LE00.IN

Central Asia
Kazakhstan

16.5

54

1.3

11.9

4.8

69

Kyrgyz Republic

5.5

35

1.5

1.2

19.4

70

Tajikistan

7.8

27

2.7

0.8

21.2

67

Turkmenistan

5.1

49

2.0

5.5

14.5

65

29.3

36

1.6

1.7

19.3

68

Albania

3.1

54

2.2

4.4

19.1

77

Bosnia and Herzegovina

3.8

49

1.0

4.4

7.6

76

Kosovo

1.8

–

–

3.4

12.0

70

Macedonia, FYR

2.1

59

0.3

4.6

11.5

75

Montenegro

0.6

63

0.4

6.8

9.3

75

Serbia

7.2

57

0.1

5.2

9.0

75

142.9

74

0.6

4.0

69

Uzbekistan

Western Balkans

Russian Federation

14

Agriculture corresponds to ISIC divisions 1–5 and includes forestry, hunting, and fishing, as well as cultivation of crops and livestock production. Value added is the net
output of a sector after adding up all outputs and subtracting intermediate inputs. It is calculated without making deductions for depreciation of fabricated assets, or depletion
and degradation of natural resources.
²Life expectancy at birth indicates the number of years a newborn infant would live if prevailing patterns of mortality at the time of its birth were to stay the same throughout its
life. Source: World Bank (2013b).

1

7 percent by 2010. The highest poverty rates are currently observed
in the Kyrgyz Republic (38 percent in 2012), Uzbekistan (17.7 percent in 2010), and Albania (14.3 percent in 2010). Meanwhile,
Kazakhstan (3.8 percent in 2012) has the lowest poverty rate in
the region. However, the number of people that are affected by
extreme poverty has been declining since 1999. Due to very cold
winters that require people to have a higher caloric intake (and,
hence, higher food expenditures), higher spending on clothing,
energy, and transportation, and differences in economic and social
development, the regional poverty line was set at a $2.5–5 per day
(World Bank 2011d). The total number of people living on less
than $5 per day fell from 240 million in 1999 to 91 million in 2010.
There are also pronounced inequalities in the region. In the
Kyrgyz Republic in 2009, for example, the income share of the
lowest 10 percent of the population was 2.8 percent compared
to an income share of 27.79 percent for the highest 10 percent
of the population (World Bank 2013t). Other issues that increase
the vulnerability of the population in the region include rural

poverty, unemployment (particularly among women and youth),
a shortage of adequate living conditions, poor medical care, and
deficient water management infrastructure (Lioubimtseva and
Henebry 2009). Adaptive capacity in the region is negatively
affected by weak governance. A few countries in Central Asia are
among 20 percent of countries performing the worst in the World
Governance Indicator. For example Kazakhstan, Russia, Tajikistan,
and Turkmenistan are among 20 percent of countries that have the
lowest ranks in the voice and accountability indicator that captures
perceptions of the extent to which a country’s citizens are able to
participate in selecting their government, as well as freedom of
expression, freedom of association, and a free media. Moreover,
Turkmenistan, Uzbekistan, Tajikistan, and Kyrgyz Republic are
among the 20 percent of countries that have the lowest ranks in
the rule of law indicator that captures perceptions of the extent to
which agents have confidence in and abide by the rules of society,
and in particular the quality of contract enforcement, property
rights, the police, and the courts, as well as the likelihood of crime
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and violence (Worldwide Governance Indicators, 2014). The lack
of good governance is one of the key challenges that will have to
be addressed by the future mitigation and adaptation strategies
in the region. Strengthening local institutions and citizen engagement is very important in water management and biodiversity
protection and is relevant for the sectors such as agriculture and
forestry (McEvoy et al. 2010; Otto et al. 2011).
People and poverty in ECA are located along a spatial spectrum with sparsely populated rural areas and dense urban areas
at the ends. However, most poor are concentrated in smaller
and medium-sized towns. In Albania, 42 percent of the population is urban but resides almost entirely in very small, small,
and medium-sized towns. The share of the poor in urban areas
is 31 percent, and nearly all of the poor reside in similar sized
towns. Similarly, in Kazakhstan, 57 percent of the population and
43 percent of the poor live in urban areas—but very large cities
house only eight percent of the population and one percent of the
poor (Global Monitoring Report, 2013). Generally, urbanization
can be a force that helps in the achievement of the Millennium
Development Goals but the slums in the Kyrgyz Republic show
that it can also worsen poverty. The failure of rural migrants to
find better paying urban jobs forces them to live in informal settlements where without proof of residence they cannot have access
to health services (Global Monitoring Report, 2013).

5.3 Regional Patterns of Climate Change
5.3.1 Projected Temperature Changes
Figure 5.3 shows projected boreal summer (June, July, August or
JJA) temperatures for the European and Central Asian land area in
a 2°C and 4°C world. Warming across the Northern Hemisphere
land area is projected to be somewhat more than the global mean.
In the 2°C warming scenario, the multi-model mean warming by
the end of the century is about 2.5°C above the 1951–1980 baseline (i.e., about 0.5°C more than the global mean) (World Bank
2013). This level of warming is reached by mid-century and then
remains constant until the end of the century. In contrast, in a
4°C world, summer temperatures continue to increase up to and
beyond the end of century in an almost linear trend, reaching about
8.5°C above the 1951–1980 baseline by 2100. The multi-model
mean warming for the 2071–2099 period reaches about 6.5°C
(see Figure 5.3) and is reduced due to one model which warms
far less than the others. Because the transient climate sensitivity
of this model is lower than the others, results can therefore show
pronounced regional differences.
The most pronounced warming is projected to occur in three
distinct regions: (1) Northern Russia bordering the Barents-Kara
Sea, (2) the Black Sea coastal region, including the Balkans, and
(3) northern China and Mongolia. In these hotspot regions (see
Figure 5.4) summer warming is projected to be roughly 1°C higher

Figure 5.3: Temperature projections for the European and
Central Asian region, compared to the 1951–1980 baseline for
the multi-model mean (thick line) and individual models (thin
lines) under RCP2.6 (2°C world) and RCP8.5 (4°C world) for the
months of JJA.

The multi-model mean has been smoothed to give the climatological trend.

than the Eurasian mean. Thus, in these regions, mean summer
warming by 2071–2099 will be about 3.5°C in a 2°C world, and
about 7.5°C in a 4°C world.
The normalized warming (i.e., the warming expressed in terms
of the local year-to-year natural variability—see Section 6.1) is a
useful diagnostic tool as it indicates how unusual the projected
warming is compared to fluctuations experienced in the past (Coumou and Robinson 2013; Hansen et al. 2012; Mora and Frazier et al.
2013). The geographical patterns of normalized warming (see the
lower panels in Figure 5.4) show that the southern hotspot regions
(i.e., the Black Sea coastal region and northern China/Mongolia)
experience the strongest shifts. In a 2°C world, the monthly temperature distribution here shifts by 2–3 standard deviations toward
warmer conditions. In a 4°C world, these southerly regions see a
shift of up to six standard deviations. Such a large shift implies that
summer temperatures in these regions will move to a new climatic
regime by the end of the century. The northern regions will see
a less pronounced shift in normalized temperature because the
standard deviation of the natural year-to-year variability is larger
(i.e., temperatures are already naturally more variable) (Coumou
and Robinson 2013). Nevertheless, a shift by at least 1-sigma (in
the 2°C world) or 2-sigma (in the 4°C world) is projected to occur
here during the 21st century.
Warming in southern Siberia during the 20th century is already
evident, and 1990–1999 was the warmest decade in the last century.
Average summer temperatures increased in the observed regions
by between 0–0.5°C from 1960 to 1999, but with a significantly
higher increase of 1–2°C in the 1990s. Average winter temperatures
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Figure 5.4: Multi-model mean temperature anomaly for RCP2.6 (2˚C world, left) and RCP8.5 (4˚C world, right) for the months of
JJA for the European and Central Asian region.

Temperature anomalies in degrees Celsius (top row) are averaged over the time period 2071–2099 relative to 1951–1980, and normalized by the local
standard deviation (bottom row).

increased between 1–4.5°C within the 40 years analyzed (1960–
1999), with an increase greater than 2–3°C in the 1990s (Soja et al. 2007).
Precipitation patterns have also become more diverse. Whereas
precipitation on windward slopes in the Urals and the Altai has
increased by up to 130–260 mm per year within the 40 years that
were analyzed, a drastic decrease in precipitation of 230 mm per
year between 1960 and 1999 has been noted on leeward slopes of
the Sayans in the interior of Siberia (Soja et al. 2007).
For the ECA region, IPCC (2001) predicted a warming of
between 2 and 10°C in the 21st century as compared to the
20th century; warming rates are expected to be the largest in
10,000 years. Recent climate projections for the 21st century range
from –0.1°C to 12°C mean winter temperature and from 0°C to
8°C mean summer temperature for all climate scenarios in this
region (IPCC 2013). All projections suggest precipitation increases
for the entire region of up to 58 percent in autumn and only up to
35 percent in spring. While projections of local temperature and
precipitation changes are unevenly distributed across the region,
both factors are projected to be more pronounced in the northern
area. Temperature projections for south-central Siberia range from
4–6°C (Gustafson et al. 2010), although winter temperatures are
expected to increase by up to 10°C.

Most studies focusing on Central Asia agree that the warming trend in mean annual temperatures is less pronounced in the
high altitudes than in the lower elevation plains and protected
intramontane valleys (Unger-Shayesteh et al. 2013). For the winter
months, a stronger warming trend can be detected at higher elevations of the Tien Shan mountains (Kriegel et al. 2013; Mannig et al.
2013; Zhang et al. 2009a)

5.3.2 Heat Extremes
Figure 5.5 shows the projections of the percentage of boreal summer months warmer than 3-sigma and 5-sigma (see Section 6.1)
over the ECA region from 2071–2099 for both 2°C and 4°C warming. One of the clearest signals identified is the strong increase
in threshold-exceeding heat extremes in the region surrounding
the Black Sea, and in particularly in the Balkans. Here, even in a
2°C world, 20–30 percent of summer months are expected to rise
beyond the 3-sigma threshold by the end of the century; 5-sigma
events are also expected to occur (between 5–10 percent of summer months). The Balkan region is thereby expected to experience substantially higher frequencies of extreme heat events than
those projected for the ECA region as a whole for which about
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Figure 5.5: Multi-model mean of the percentage of boreal summer months (JJA) in the time period 2071–2099 with temperatures
greater than 3-sigma (top row) and 5-sigma (bottom row) for scenario RCP2.6 (2°C world, left) and RCP8.5 (4°C world, right) over
the European and Central Asian region.

10–15 percent of the land area is projected to be affected by 3-sigma
events by the end of the century and 5-sigma events essentially
remaining absent in a 2°C world (see Figure 5.6). Similar to the
Balkans, Northern China/Mongolia will also see a substantial
increase in 3-sigma events (~15 percent of summer months) but
5-sigma events are not expected to occur. The stronger increase
in summer heat extremes in these two hotspots is thus consistent
with the broader shift in the mean of the normalized temperature
distribution (Figure 5.3).
Compared to the 2°C world, the 4°C world will see a much more
pronounced increase in the frequency of summer months warmer
than 3- and 5-sigma. Whereas in the 2°C world the increase in frequency levels-off by mid-century, it continues in the 4°C world as
seen in projections of the mean summer warming (see Figure 5.3
and Figure 5.4). The multi-model mean projects 85 percent of land
area to be affected by events hotter than 3-sigma and 55 percent
of land area to be affected by hotter than 5-sigma events by 2100
(Figure 5.6). The bulk of these events occur in a widespread region
south of approximately 50°N, stretching from the Balkans all the
way to Japan. Here, over the 2071–2099 period, about 80 percent of
summer months will be beyond 3-sigma, and 45–55 percent beyond
5-sigma. Although the 3-sigma threshold level will become the new
normal in regions north of 60°N (being exceeded in about half of the
summer months), 5-sigma heat extremes will remain largely absent.

The increase in the frequency of summer months warmer
than 3-sigma or 5-sigma, as shown in Figure 5.6, is quantitatively
consistent, even on the country scale, with published results analyzing the full set of climate models (Coumou and Robinson 2013).
The published literature also clearly indicates a strong increase in
heat extremes south of 50°N and a much more moderate increase
to the north of that latitude (Sillmann et al. 2013b). In fact, the
decrease in frequency of cold extremes in this northern region
may potentially have beneficial effects. Sillmann et al. (2013b)
reported that, over Russia, the minimum nighttime temperatures
in boreal winter are projected to increase by 3–4°C in a 2˚C world,
and by 10°C in a 4˚C world. Likewise, the number of frost days in
the European part of Russia is expected to be reduced by between
approximately 25 days (2˚C world) and 65 days (4˚C world). This
reduces the cold spell duration in this region by up to seven days
in a 4°C world (Sillmann et al. 2013b).
South of approximately 50°N, the projections of temperature
extremes provide a totally different picture. Here the number of
tropical nights increases by 20–30 days in a 2˚C world and by
50–60 days under a 4˚C world (Sillmann et al. 2013b). Temperatures
experienced during the warmest 10 percent of summer nights during
the 1961–1990 period are expected to occur in about 30 percent
(2˚C world) or 90 percent (4˚C world) of summer nights by the
end of the century. These changes will cause a strong increase in
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Figure 5.6: Multi-model mean (thick line) and individual
models (thin lines) of the percentage of land area in the
European and Central Asian region warmer than 3-sigma (top)
and 5-sigma (bottom) during boreal summer months (JJA) for
scenarios RCP2.6 (2˚C world) and RCP8.5 (4˚C world).

agreement, however, that under the high-emissions scenario (4°C
world), the Balkans, the Caucasus region, and Turkmenistan will
receive less rain, with the multi-model mean annual precipitation
dropping by about 20 percent.

5.3.4 Extreme Precipitation and Droughts
The footprint of climate change on climatological extremes in the
21st century is very different for the three sub-regions in ECA.

Central Asia
Despite a robust warming trend over Central Asia, no clear trend
for precipitation extremes emerges from the observational record
(Dai 2012; Donat, Alexander et al. 2013). While uncertainties are
large, the overall trend regarding heavy precipitation intensity
is below the global average (Kharin et al. 2013; Sillmann et al.
2013b). A similar picture emerges from the projections for future
droughts. A moderate increase in drought risk for Central Asia
is generally projected (Dai 2012; Prudhomme et al. 2013), but
confidence in the projections is very low (Sillmann et al. 2013b).
Although drought projections remain vague, regional water availability will be strongly affected by changes in river runoff due to
glacier melting (see Section 5.4.1, Water Resources).

Western Balkans

the length of warm spells, by up to 90–150 days in a 4˚C world
(Sillmann et al. 2013b).

5.3.3 Regional Precipitation Projections
Figure 5.7 shows that future changes in annual precipitation
exhibit a southwest-northeast dipole pattern, with regions in the
southwest becoming drier and regions in the northeast becoming
wetter. Thus the basic concept of the “dry-getting-drier and wetgetting-wetter” under climate change is a good first order estimator for the ECA region. The relative wetting of the northeast (i.e.,
Siberia) is the most pronounced signal, possibly associated with
a shift in storm tracks. The increase in precipitation is far more
pronounced during the winter (DJF) than during summer (JJA).
The multi-model mean drying signal in the southwest, including the Balkans and the Caucasus region, is very weak (almost
flat) under low-emissions scenarios (2°C world), and the models
disagree about the direction of change. There is robust model

For the Western Balkans region, little to no increase in extreme
precipitation events is projected over the 21st century (Kharin et al.
2013; Sillmann et al. 2013b) despite a global increase of about
20 percent in heavy precipitation event intensity in a 4°C world
(Kharin et al. 2013). Regional models suggest, however, that the
region’s complex topography may strongly influence extreme
precipitation (Gao et al. 2006). Thus, despite an overall negative
trend in extreme precipitation events, regional and seasonal projections for this region remain inconclusive.
This picture changes for drought projections. The Western
Balkans are robustly projected to suffer from an increase in
drought conditions based on global analysis; this is similar to
that expected for the greater Mediterranean region, as discussed
in the MENA section (Dai 2012; Orlowsky and Seneviratne 2013;
Prudhomme et al. 2013; Sillmann et al. 2013b). Prudhomme et al.
(2013) project a 20 percent increase in the number of drought days
in a 4°C world. However, regionally resolved climate projections
suggest that the Western Balkans might be less affected, with no
significant increase in drought risk (Gao and Giorgi 2008), while
the greater Mediterranean region is considered a global hotspot
for future drought projections Dai (2012).

The Russian Federation
Within Russia, the projections of changes in future climatological
extremes are diverse. Central and Eastern Siberia is one of the
regions expected to experience the strongest increase in heavy
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Figure 5.7: Multi-model mean of the percentage change in winter (DJF, top), summer (JJA, middle), and annual (bottom)
precipitation for RCP2.6 (2˚C world, left) and RCP8.5 (4˚C world, right) for the European and Central Asian region by 2071–2099
relative to 1951–1980.

Hatched areas indicate uncertainty regions with two or more out of five models disagreeing on the direction of change.

precipitation events (Sillmann et al. 2013b). Heavy precipitation
events with a 20-year return time are projected to intensify by
over 30 percent in this region, and the return time is projected to
fall below five years by the end of the 21st century under a 4°C
warming scenario (Kharin et al. 2013). The changes are much
weaker (less than 10 percent increase in intensity and 10–15 years
return time) under a 2°C warming scenario (Kharin et al. 2013).
Projections for central and western Russia point in a similar
direction, although the intensification of heavy precipitation events
with a 20-year return time is less pronounced (between 10 and
30 percent). While an increase in extreme precipitation is projected
throughout Russia for all seasons in a 4°C world, it is strongest
in boreal winter (DJF). This would lead to a substantial increase

in the absolute amount of snow-water equivalent (Callaghan et
al. 2011; Shkol’nik et al. 2012), with far reaching consequences
for the regional hydrological cycle.

5.3.5 Aridity
Figure 5.8 shows the relative changes in the aridity index (AI),
which captures the long-term balance between water supply (precipitation) and demand (evapotranspiration) (see Section 6.1) for
the ECA region by 2071–2099. The AI is defined as the total annual
precipitation divided by the annual potential evapotranspiration,
and fundamentally determines whether ecosystems and agricultural systems are able to thrive in a certain area. A decrease in AI
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Figure 5.8: Multi-model mean of the percentage change in the annual-mean of monthly potential evapotranspiration for RCP2.6
(2˚C world, left) and RCP8.5 (4˚C world, right) for the European and Central Asian region by 2071–2099 relative to 1951–1980.

Hatched areas indicate uncertain results, with two or more out of five models disagreeing on the direction of change.

Figure 5.9: Multi-model mean of the percentage change in the aridity index (AI) for RCP2.6 (2˚C world, left) and RCP8.5 (4˚C
world, right) for the ECA region by 2071–2099 relative to 1951–1980.

Hatched areas indicate uncertain results, with two or more out of five models disagreeing on the direction of change. Note that a negative change corresponds to a shift to more arid conditions.67

value indicates that water becomes more scarce (i.e., more arid
conditions), with areas classified as hyper-arid, arid, semi-arid
and sub-humid as specified in Table 5.2. 67
The geographical patterns of the relative change in the annual
mean AI, as shown in Figure 5.9, are similar to those for precipitation. Thus shifts in annual mean precipitation primarily determine
which regions become more or less arid. In the 4˚C warming
scenario, this drying region expands further to the east, covering
Kazakhstan, Uzbekistan, and Turkmenistan. Because these regions
are already drought-prone, this could have major consequences

Table 5.2: Multi-model mean of the percentage of land area
in the European and Central Asian region which is classified
as Hyper-Arid, Arid, Semi-Arid and Sub-Humid for 1951–1980
and 2071–2099 for both 2˚C and 4˚C degrees warming levels.
1951–1980

2071–2099
(RCP2.6)

2071–2099
(RCP8.5)

Hyper-Arid

2.2

2.1

2.7

Arid

3.7

4.1

5.1

Semi-Arid

7.3

7.7

9.7

Sub-Humid

4.0

4.3

4.8

67
Some individual grid cells have noticeably different values than their direct
neighbors. This is due to the fact that the aridity index is defined as a fraction of
total annual precipitation divided by potential evapotranspiration (see Appendix).
It therefore behaves in a strongly non-linear fashion and year-to-year fluctuations
can be large. As the results are averaged over a relatively small number of model
simulations, this can result in local jumps.
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for water scarcity. Trends in AI over the Southeastern region (i.e.,
Northern China and Southern Mongolia) are weaker, and models
disagree over the direction of change (partly due to similar uncertainty in projections of precipitation changes).
Northern regions will see an increase in the AI (i.e., wetter
conditions) as would be expected from the projected increase in
annual-mean precipitation. The signal is especially strong over
the Northeast (i.e., the Asian part of Russia), with a 20–30 percent increase forecast under RCP2.6 and a 50 percent forecast in
a 4˚C world.
The shift in AI shown in Figure 5.9 causes some regions to
be classified in a different aridity class. In a 4˚C world, the area
of land classified as hyper-arid, arid, or semi-arid will grow from
about 13 percent in 1951–1980 to 17.5 percent in 2071–2099, which
is an increase of more than 30 percent (see Table 5.2). In a 2˚C
world, this increase in arid regions is much more limited (only
about five percent larger).

Figure 5.10: Sea-level rise projection for Drini-Mati River Delta
in Albania.

5.3.6 Regional Sea-level Rise

Time series for sea-level rise for the two scenarios RCP2.6 (blue, 1.5˚C
world) and RCP8.5 (green, 4˚C world). Median estimates are given as full
thick lines and the lower and upper bound given as shading. Full thin lines
are global median sea-level rise, with dashed lines as lower and upper
bound. Vertical and horizontal black lines indicate the reference period and
reference (zero) level.

The region’s coastal area is relatively limited (if excluding the
Russian Federation), and this section focuses in on the Western
Balkan coastline. This is where the Drini-Mati River Delta in Albania
was identified as a vulnerable area in a recent UNDP report (Le
Tissier 2013), and it serves as an example for the whole Western
Balkan coastline (see Figure 5.10). This analysis projects a sea-level
rise of 0.52 m (0.37–0.9 m) in a 4˚C world in 2081–2100 above
the 1986–2005 baseline, with rates of rise of 10.1 mm per year
(5.9–19.6 mm per year) (see Figure 5.10 and Table 5.3). This is
slightly below the global mean. The Caspian Sea, which is isolated
from the ocean, exhibits a completely different behavior, with
variations of several meters over the past millennia (Naderi Beni
et al. 2013) and a projected 4.5 m sea-level fall by the end of the

century of due to increased evaporation in a warming climate
(Renssen et al. 2007).

5.4 Regional Impacts
5.4.1 Water Resources
5.4.1.1 Central Asia
Glaciers: Current Situation and Observed Changes

Table 5.3: Sea-level rise (SLR) projection for the Drini-Mati
River Delta.
RCP2.6
(1.5˚C WORLD)

RCP8.5
(4˚C WORLD)

SLR in 2081–2100

0.32 (0.21, 0.54)

0.52 (0.37, 0.9)

SLR in 2046–2065

0.21 (0.17, 0.32)

0.26 (0.21, 0.39)

Rate of SLR in 2081–2100

3.0 (–1.5, 5.8)

10.1 (5.9, 19.6)

Rate of SLR in 2046–2065

4.6 (0.6, 7.1)

7.6 (5.3, 12.1)

The sea-level rise (SLR) is expressed in meters above the 1986–2005
baseline period, while rate of SLR refers to a linear trend over the period
indicated in the table, in mm/yr. Numbers in parentheses refer to lower and
upper bounds (see Section 6.2, Sea-Level Rise Projections for an explanation of the 1.5° world).

Central Asian glaciers cover four percent of the Kyrgyz Republic
(Tien Shan) and six percent of Tajikistan (Pamir); some glaciers
also exist in Kazakhstan and Uzbekistan (Figure 5.11). The total
glaciered area is about 10,300 km2 in the Amu Darya basin and
1,600 km2 in the Syr Darya basin (Arendt et al. 2012; Lutz et al.
2013a). This corresponds to a total volume of frozen water of about
1,000 km3—the equivalent of about 10 years of water flowing
down the rivers Amu Darya and Syr Darya (Novikov et al. 2009).
Figure 5.12 shows the loss of glacier area in the Altai-Sayan,
Pamir and Tien Shan in the period from the 1960s to 2008. As
ice stocks decline, a reliable water resource is disappearing, and
additional reservoirs and an improved water management may be
needed. In the Amu Darya and Syr Darya Basin, however, most of
the potential for reservoirs has already been exploited (Immerzeel
and Bierkens 2012). This implies a high risk of water scarcity in
the future once the peak in glacial melt runoff has passed.
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Figure 5.11: Upstream parts of the Amu and Syr Darya river basin (green and pale blue), the river basin (blue lines), and the
glacierized fraction of each 1 km model grid cell (red shades).

KYRGYZ REP.

Source: Lutz et al. (2013a), Figure 1.

Snow Cover: Current Situation and Observed Changes
An increase in air temperature can generally change the proportion
of precipitation falling as either rain or snow and shorten the duration of seasonal snow cover. The impact of snowfall changes on
the Central Asian rivers is very high, since the seasonal snowmelt
is a key source of water. Snow reserves in the mountainous river
basins will respond differently to an increase in air temperatures
depending on the elevation and topography of the mountain area.
While glaciers store water over decades and centuries, the seasonal
snowpack stores water mainly at an intra-annual time scale. At
its maximum annual extent in late winter, the snow cover in the
Aral Sea basins extends over major parts of the Amu Darya and
Syr Darya basins and contributes to a larger share of the mean
annual runoff than glaciers (Ososkova et al. 2000).

Projected Snow Cover Changes
The IPCC refers to an expected decrease in Northern hemisphere
snow cover of 25 percent under a high warming scenario (IPCC
2013 AR5 WGI). Despite the high relevance of snow cover for the
water management of Central Asia, only a few studies address
the future evolution of snow cover with respect to a warming
climate, and these studies only provide general trends. Based on

a global assessment (Christensen et al. 2007), a smaller fraction
of precipitation is expected to fall as snow, as the snow line rises
by about 150 m per 1°C of warming. The depth and duration of
seasonal snow cover are also expected to decrease, with a shift
in the onset of snowmelt toward earlier spring. Through a reduction in the snow-albedo feedback, the reduced snow coverage is
expected to affect both the melting rate and the regional climate,
thereby reinforcing the warming trend in Central Asia (UngerShayesteh et al. 2013).

Projections of Glacial Volume Loss
The Fifth Assessment Report (AR5) of the Intergovernmental
Panel on Climate Change (Church et al. 2013) states that current
glacier extents are out of balance with current climatic conditions
and indicates with high confidence that glaciers will continue to
shrink in the future, even without further temperature increases.
In a 2°C warming scenario, projections show glacier volume
losses of about 50 percent (31–66 percent) for Central Asia, which
represents a mass of about 2800 Gt (Marzeion et al. 2012).
There are only a limited number of regional studies currently
available that address the timing and evolution of projected glacier
shrinkage and related changes in runoff in Central Asia. Siegfried
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Figure 5.12: Losses of glacier area in the Altai-Sayan, Pamir, and Tien Shan.

Remote sensing data analysis is from the 1960s through to 2008. Source: Hijioka et al. (2014), Chapter 24, Figure 24–3.

et al. (2012) performed projections for the Syr Darya basin under
2°C warming by 2050; they projected a loss of mass of 31 ±4 percent (50 Gt) in this region compared to 2010 (see Figure 5.13).
However, the signal varies greatly across the different catchments
(Siegfried et al. 2012).
Lutz et al. (2013a) investigated the model spread for projections
of glacial retreat in the Amu and Syr Darya region and projected
a retreat in glacial extent in the range of 54–65 percent for the
period 2007–2050 (see Figure 5.14).
In a 3°C world, the glaciers of the region are projected to lose
about 57 percent (37–71 percent) of their current mass, equivalent
to 3200 Gt (Marzeion et al. 2012). Radić et al. (2013) considered a
different sub-region of Central Asia (including Tibet but excluding
Altai and Sayan, and comprising 5,830 Gt of ice in total). They
inferred a 55 percent loss for the period 2006–2100, corresponding
to 3150 ±900 Gt of ice. Giesen and Oerlemans (2013) obtained
comparable results for the same sub-regions.
Bliss et al. (2014) went a step further and projected monthly
glacier runoff through 2100 from all mountain glaciers in Central
Asia. They inferred a 41 percent decrease in average annual runoff,
from 136 Gt per year to 80 Gt per year, for the reference periods
2003–2022 and 2081–2100. The study further indicates that the

net annual mass loss from glacial melt will peak in the middle
of the 21st century.
For a 4°C world, Marzeion et al. (2012) projected that glacier
mass loss in Central Asia will reach 67 percent (50–78 percent)
by the year 2100, which is a mass loss of about 3800 Gt (also
stated in Hijioka et al. 2014). For a slightly different sub-region,
Radić et al. (2013) projected a mass loss of 75 percent, which is
the equivalent of about 4,300 Gt of ice.

Impacts on River Flow and Riverine Floods
The large transboundary rivers, the Amu Darya and Syr Darya,
are the main freshwater suppliers for the arid and semi-arid areas
of Central Asia (see Figure 5.15). The volume of water in these
rivers strongly depends on conditions in the headwater catchments, located in the mountains of Tien Shan and Pamir-Alay
(Tajikistan, Kyrgyz Republic, and Afghanistan), where winter
precipitation is stored in snow and ice and released during the
spring and summer months (Aus der Beek et al. 2011; Krysanova
et al. 2010). As the water supply (e.g., for irrigated agriculture) in
the arid downstream areas largely relies on the rivers, changes in
the volume and seasonality of river runoff have major implication
for the region’s water management (Unger-Shayesteh et al. 2013).
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Figure 5.13: Map of Syr Darya catchment showing mean percentage loss of glacier ice by 2049 relative to 2010 for sub-regions.

Source: Armstrong et al. (2005) as cited in Siegfried et al. (2012), Figure 8.

Figure 5.14: Decrease in total glacier area in the Amu Darya and Syr Darya basins combined for 2008–2050 based on the CMIP3
(left panel) and CMIP5 (right panel) model runs for the median and extreme values of temperature and precipitation change.

Source: Lutz et al. (2013a), Figure 13.
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Figure 5.15: Water resources of the Aral Sea basin.

K Y R G Y Z R E P.

I.R. OF
IRAN

Source: ENVSEC and UNEP (2011), p.15.

The Amu Darya River is characterized by two major highflow periods, which often merge into a 4–5 month flood season.
With more than 90 percent of the total annual runoff of the
Amu-Darya forming in the mountain catchment (Pamir-Alay),
the river runoff has a very high share of melt water (Hagg et
al. 2013). The first high-flow period of the Amu Darya usually
takes place in the late spring, when snow melts in the lower
mountain areas and the spring rains fall. The second high-flow
period is induced by melt water from snow and glaciers in the
alpine Pamir Mountains. The Tien Shan Mountains, where the
headwaters of the Syr Darya River originate, have fewer glaciers
than the Pamir. Hence, the Syr Darya usually has just one mainly
snowmelt-induced flood season, which occurs in late spring
(Dukhovny and Schutter 2011).

Projected Changes in River Flows and Seasonality
The impact that climate change will have on river runoff rates in
Central Asia is unclear due to the uncertainty of future precipitation patterns (Davletkeldiev et al. 2009; Dukhovny and Schutter
2011; Krysanova et al. 2010). In the next decades, enhanced glacier
melt rates are expected to somewhat counterbalance increasing
evaporation rates. Climate change will most likely affect snow
and glacier storage and melting rates in the Pamir and Tian Shan

Mountains, hence altering the hydrological regimes of the major
Central Asian rivers. More than 80 percent of the annual runoff
of Amu Darya and Syr Darya is formed by snow and glacier melt
(Dukhovny and Schutter 2011). The Amu Darya has a higher annual
share of glacier melt water (>20 percent), and this is the main
cause of the annual summer flood. The Syr Darya, meanwhile,
is less influenced by glacier melt water. As observed in the last
decades, higher surface temperatures are leading to higher glacier
melt rates and significant glacier shrinkage; this trend is expected
to continue into the future.
By 2030, river runoff is expected either to increase slightly or
not to change beyond the natural runoff variability, even in the
case of potentially higher precipitation rates (Main Administration of Hydrometeorology 2009). Model projections for 2055, for
a headwater catchment (Panj) of the Amu Darya river, revealed
a seasonal shift in peak river flow rates from summer to spring
(Hagg et al. 2013). The study indicates that, in the near future, the
reduction in glacial area will be partly compensated by enhanced
melt rates in a warmer atmosphere, leading to only slight changes
in total annual river flow. Under a 3.1°C warming scenario, by 2055
runoff will increase in spring and early summer due to an earlier
and intensified snowmelt. Under these conditions, the peak flow
will shift from July to June, leading to a reduction in discharge in
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July and August of approximately 25 percent, which will further
limit water availability in the summer (Hagg et al. 2013).
Climate change will also influence the snow regime in the
mountains. This will further contribute to a shift of the spring floods
to earlier periods. River flow will be lower in the vegetation period
and the winter runoff may increase. Siegfried et al. (2012) found
for Central Asia that climate changes are likely to affect runoff
seasonality due to earlier snowmelt. Based on a model set up for
2050 for the Syr Darya, they projected a shift in the peak flows
from summer to spring. This may increase water stress in the summer, particularly in unregulated catchments (Siegfried et al. 2012).
By the end the 21st century, climate change is expected to lead
to a distinct decrease in the water volume of the Syr Darya (see
Figure 5.16) and an even more distinct decrease in the Amu Darya
River due to its higher share of glacier melt water (Davletkeldiev
et al. 2009; Main Administration of Hydrometeorology 2009). This
is due to decreasing precipitation and enhanced glacial retreat
(see Figure 5.17 for an example). Glacier retreat will continue to
diminish the stock of water stored in the high mountain areas as
snow and ice; this will provide enhanced runoff during the next
few decades, followed by a severe water shortage as the stock
becomes depleted. In particular, the summer floods of the Amu
Darya, highly important for irrigation, are expected to decline
substantially by 2100. A further reduction in surface water flow is
projected to be caused by an increase in evaporation rates, due to
higher temperatures. By the end of the 21th century, runoff generation
rates in the mountainous areas of Central Asia are likely to decline
substantially (Main Administration of Hydrometeorology 2009).

Figure 5.16: Climate change impact on flow of large rivers in
Central Asia.

Impacts on the Aral Sea and Major Lakes
More than 50 years of unsustainable water use for irrigation in arid
deserts has led to a profound depletion of water resources in the Aral
Sea basin, with consequences for society, the economy and nature.
Starting in the 1960s, the Aral Sea has shrunk drastically, mainly
due to water withdrawals for irrigation purposes and the construction of water reservoirs along the Syr Darya and Amu Darya Rivers.
Climate change is expected to affect the Aral Sea indirectly
through changes in river contributions from the Amu Darya and
Syr Darya as well as directly through water evaporation and precipitation changes (Cretaux et al. 2013).
Projections of the future development of lake volumes and
levels for Central Asia are scarce. The national communication
report of the Kyrgyz Republic displays modeling results for the
water level of Lake Issyk-Kul in the Kyrgyz Republic under the
B2-MESSAGE scenario and indicates a decrease in the average
water level of the lake of between 5 m (2°C world) and 15 m (4°C
world) (Davletkeldiev et al. 2009).

Geohazards and other Water-related Impacts
Climate change is contributing to an increased risk of floods and
landslides in Central Asia. As glaciers retreat, large volumes of melt

Source: Novikov et al. (2009).

water are being released into the highland rivers. While this does not
directly cause flooding, melt water may become trapped behind the
glaciers’ terminal moraines so that water pressure builds up until the
natural moraine dam bursts (see also Nayar (2009) for a related discussion on the Himalayas). Glacier lake outbursts can cause catastrophic
flooding downstream. During the last 50 years, more than 70 glacial
lake outbursts have been reported in the Kyrgyz Republic alone, with
the largest one in 1998 at Ikedavan lake resulting in more than 100
deaths and causing damage to five villages (Slay and Hughes 2011).
In the southwest Pamir region (Tajikistan), meanwhile, any glacier
lake outbursts have been observed (Mergili and Schneider 2011).
The potential for outburst floods is expected to increase with
rising temperatures as well as with a rising number and size of
moraine-dammed lakes (Armstrong 2010; Bolch et al. 2011; Marzeion et al. 2012). This is associated with an increased risk in
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Figure 5.17: Dynamics of surface water-flow structure [in km3]
for the Kyrgyz Republic (all rivers) for different temperature-rise
scenarios calculated from the difference between the annual
sum of atmospheric precipitation and annual evaporation;
m-annual sum of precipitation compared to the baseline
period 1961–1990 (climate scenario B2-MESSAGE).

Source: Davletkeldiev et al. (2009), Figure 5.4.

inhabited areas, such as the densely populated and agriculturally
productive Fergana Valley region. The Fergana Valley is particularly
exposed to these geohazards because glaciers surround the valley
to the south, the east, and the north (Bernauer and Siegfried 2012;
Siegfried et al. 2012).

5.4.1.2 Western Balkans
Impacts on Water Resources
The Western Balkans is currently one of the most water-rich
regions in Europe and has relatively abundant freshwater resources.
Changes in water availability are especially relevant in areas where
water is a limiting factor for agriculture, industry, and livelihoods
in general. In the Mediterranean areas, water is scarce and mainly
depends on runoff from the mountainous headwaters (García-Ruiz
et al. 2011)(see Figure 5.18).

Projected Trends in Water Resources
Changes in the temperature and precipitation regime directly
affect the amount of water that reaches the soil, and eventually
the magnitude and seasonality of river discharge. The available
studies indicate that a progressive decline in water availability,
especially for the summer months, is expected in the near future
and will become more pronounced by the end of the 21st century (Arnell and Gosling 2013; García-Ruiz et al. 2011; Ministry
for Spatial Planning Construction and Ecology 2013; Ministry of
Environment and Spatial Planning 2010).
Schneider et al. (2013) found that under a regional warming of
~2°C by the 2050s, the impacts of climate change on the natural
flow characteristics of most Balkan rivers will be “medium”; for
the rivers of southern Serbia, Kosovo, and FYR Macedonia, the
impacts will be “severe.” Dakova (2005) projected a decrease in
long-term annual mean runoff for Serbia of approximately 12 percent

by 2025, and approximately 19 percent by 2100, due to a projected
decrease in annual precipitation and an increase in temperatures.
Albania’s water resources are projected to decline by between
14 percent (Chenoweth et al. 2011) and 40 percent (Dakova 2005)
by the end of the 21st century. Results from a global study show
severe decreases in annual discharge in the Western Balkans of
up to 15 percent in a 2°C world and more than 45 percent in a
4°C world (Schewe et al. 2013).
Climate change, through rising winter temperatures, directly
affects snow accumulation and snowmelt by elevating the winter
0°C isotherm (snow line), leading to a decrease in the accumulation of snow in the headwater catchments.
More rainfall in the winter months will increase winter runoff
and decrease the snowmelt flood in spring (Islami et al. 2009).
Model projections show a reduction of up to 20 days in the snow
cover duration across the Balkans by 2050 and of up to 50 days
in the Dinaric Alps (Schneider et al. 2013). Snow-fed river basins
are very sensitive to climate change, as snow responds rapidly to
slight variations in temperature and precipitation. In snowmeltdriven river regimes like the Sava river, climate change is therefore
expected to result in earlier spring floods and, in some cases, higher
winter runoff (Arnell and Gosling 2013; García-Ruiz et al. 2011).
Changes in temperature and precipitation patterns can also
affect the timing, frequency, and intensity of flood, droughts, and
other extreme events (Dankers and Feyen 2009). Regions under
Mediterranean climate conditions are expected to experience longer
low-flow periods during the summer season and a distinct reduction in low-flow magnitudes (Arnell and Gosling 2013; Dakova
2005; Dankers and Feyen 2009; Schneider et al. 2013). On the other
hand, projections also suggest an increase in riverine flood risk,
mainly in spring and winter, caused by more intense snowmelt and
increased rainfall in the winter months. Modeling results, at the
European scale, indicate that more floods with a current 100-year
return time will occur by the end of the 21st century. Dankers and
Feyen (2009) project a slight increase (less than 20 percent) in the
frequency of 100-year floods for large rivers such as the Danube,
Sava, and Tisza in the northern parts of Serbia and Bosnia and
Herzegovina, and a slight decrease in 100-year flood events in the
southern parts of the Balkans. For highly snowmelt-influenced rivers,
the time of greatest flood risk may shift, with peak flows occurring
earlier in spring or in late winter. For FYR Macedonia, with a more
Mediterranean climate, a slight reduction in the magnitude of peak
flows is projected (Schneider et al. 2013).

5.4.1.3 Synthesis
For the region of Central Asia, there exist several peer-reviewed
studies examining the observed changes in water availability
(Lioubimtseva and Henebry 2009; Unger-Shayesteh et al. 2013).
Reliable model-based projections are very scarce, however, and
no multi-model approaches have yet been applied (Hagg et al.
2013; Siegfried et al. 2012).
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Figure 5.18: River water discharge in the Western Balkans.
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Source: ENVSEC and UNEP (2012).

River flows in Central Asia are expected to be lower in the
summer vegetation period while the winter runoff is projected
to increase. Siegfried et al. (2012) found that, for Central Asia,
climate change is likely to affect the seasonality of river runoff
due to earlier annual snowmelt. Using a climate, land-ice, and
rainfall-runoff model for the Syr Darya basin, they projected that
by 2050 there will be a shift in peak river flows from summer to
spring. This may increase water stress in summer, in particular in
unregulated catchments (Siegfried et al. 2012). However, the total
annual river runoff is not likely to decrease considerably until at
least the middle of the century when glacier depletion is projected
to cause a distinct decrease in the water volume of the Central
Asian rivers. Over the short-term, enhanced glacier melt rates
will provide an inflow of additional water into rivers (Hagg et al.
2013). In the medium to long term, however, as glaciers shrink,
this buffer effect will be reduced and will eventually disappear.
This effect will be more pronounced for the Amu Darya than for
the Syr Darya because of its higher share of glacier melt water.

For the Western Balkan countries, only a few scientific studies
on the regional impacts of climate change on water resources and
river runoff levels are available. There is a lack of comprehensive
region-wide hydrological data (Dankers and Feyen 2009; GarcíaRuiz et al. 2011; Schneider et al. 2013). The available scientific
studies suggest that across the Balkans water availability over the
summer months is expected to decrease considerably by the end of
the century. In the northern parts of the Balkans, however, spring
and winter riverine flood risk is expected to increase. Results from
a global study show severe decreases in annual discharge in the
Western Balkans of more than 45 percent in a 4°C world.

5.4.2 Agricultural Production and Food Security
5.4.2.1 Central Asia
Projected Impacts of Climate Change on Agriculture
Sutton et al. (2013a) analyzed the potential impact of climate change
on Uzbekistan’s agricultural sector. Without implementing adaptation
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measures and technological progress, yields for almost all crops are
expected to drop by as much as 20–50 percent (in comparison to
the 2000–2009 baseline) by 2050 in a 2°C world due to heat and
water stress. Under a lower warming scenario (1.42°C warming),
the declines are projected to be less pronounced, with wheat yields
expected to decline by up to 13 percent with the exception of eastern
parts of the country where yield increases of up to 13 percent are
possible. For cotton, yield decreases of 0–6 percent are projected.
Crops which might benefit from changing climatic conditions are
alfalfa and grasslands. When including the effects of reduced water
availability, yield decreases are much more pronounced. Irrigation
water demand is also likely to increase by up to 25 percent by the
middle of the century, while water availability could decline by
up to 30–40 percent during the same period (Sutton et al. 2013a).
According to Sommer et al. (2013), due to the high irrigation
rates in Central Asia, agriculture is less dependent on precipitation
than on surface water availability. The authors concluded that
wheat yields across all periods and scenarios increase by an average of 12 percent, this ranges from four percent to 27 percent. It is
necessary to note that their simulations did not include changes
in irrigation water availability. Sommer et al. (2013) argued that
irrigation water demand does not necessarily increase under the
influence of climate change. Instead, they stated that yield increases
are a consequence of higher winter and spring temperatures, less
frost damage and CO2 fertilization.
In an assessment of global hotspots, Teixeira et al. (2013) came
to a different conclusion concerning the influence of heat stress
on yields; their study does not include the CO2 fertilization effect.
The authors simulated the risk of heat stress for wheat, maize,
rice, and soybeans for the period 2071–2100 relative to the baseline
period of 1971–2000. They concluded that Central Asia, especially
Kazakhstan, is likely to be a major future hotspot of heat stress
for wheat in a 3°C world (Teixeira et al. 2013).
In Tajikistan, increased water stress due to climate change
will be the main influencing factor for the agricultural sector.
According to the World Bank (2013u), yields could drop by up to
30 percent by 2100 in some parts of the country.
Desertification is already a problem in Kazakhstan, affecting
up to 66 percent of the country’s land area. A projected temperature increase of up to 4.6°C in 2085, and highly heterogonous
changes in precipitation patterns, could increase desertification
and threaten agricultural production, especially winter wheat
(World Bank 2013v). Similar to the impacts in Kazakhstan, the
Kyrgyz Republic is likely to suffer from increasing desertification.
The country’s arid and semi-arid deserts could spread, covering up
to 23–49 percent of the country’s territory by 2100, in comparison
to roughly 15 percent in 2000 (World Bank 2013r).
In Turkmenistan climate change is likely to impact the Amu
Darya River, reducing its runoff by 10–15 percent by 2050 and putting pressure on existing irrigation systems and crop production.

Degradation of soils and increased risk from desertification are
more likely to occur when surface water availability decreases
(World Bank 2013w). The runoff in the Syr Darya River is expected
to decrease by 2–5 percent by 2050. At the same time, irrigation
demand in Uzbekistan could increase by up to 16 percent by 2080,
increasing the competition for water and imposing risks on current
agricultural production systems. Uzbekistan’s crop yields could be
reduced by as much as 10–25 percent by 2050 (World Bank 2013x).
By 2050, a shift in peak river flow and the increasing appearance
of extreme events (e.g., floods and droughts) are expected for the
river basins of the Syr Darya and Amu Darya (Schlüter et al. 2010).
Many water management systems are not equipped to deal with
the increasing occurrence of drought events (Schlüter et al. 2010).
In the Fergana Valley, climate change is likely to affect the
water availability for large-scale irrigation. Siegfried et al. (2012),
for example, modeled changes in runoff for the year 2050. They
concluded that the runoff peak of the Syr Darya will shift by 30
to 60 days, leading to water deficits in the vegetation period of
the Fergana Valley (Siegfried et al. 2012).

Livestock
The direct effects of climate change on livestock are likely to
be negative. In particular, increasing temperatures and reduced
water availability will put pressure on the sector. With changing
precipitation patterns and increasing temperatures, growth and
regeneration of pastures for livestock grazing will decline in the
Tian-Shan and Alai valleys as well as in other regions of Central
Asia (World Bank 2013r). Moreover, as water demand for livestock
increases with rising temperatures, this will put pressure on existing water resources in water-scarce regions (Thornton et al. 2009).
The indirect effects of climate change on livestock may be positive in some cases, such as in Uzbekistan, where the productivity
of alfalfa and grasslands is expected to increase under warming
conditions (Sutton et al. 2013b).
If livestock productivity decreases, producers could react by
enlarging livestock numbers in order to maintain current levels
of production. This could lead to overgrazing and degradation of
pastures as well as to erosion, thereby increasing the negative
impact on the region’s ecosystems (Fay et al. 2010).

5.4.2.2 Western Balkans
Projected Impacts of Climate Change on Agriculture
A study by Sutton et al. (2013a) analyzed two countries in the
Western Balkans: Albania and the Former Yugoslav Republic
of Macedonia. Albania regularly suffers from floods, which are
problematic for agriculture when they delay the planting of crops
or destroy harvests. Projections up to 2050 for Albania indicate
that flooding events could increase in both frequency and intensity
under the influence of climate change. Yield changes in the Albanian agricultural sector are projected to be most severe for rain-fed
grapes and olives, with yield declines of up to 20 and 21 percent
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respectively compared to the baseline (2000–2009) under 1.81°C of
warming. However, under this scenario wheat yields are projected
to increase by up to 24 percent due to an extended growing season
and more moderate temperatures in the winter (Sutton et al. 2013a).
Precipitation changes in FYR Macedonia are similar to those in
Albania. Yield effects are relatively heterogonous, with yield declines
of up to 50 percent for maize, wheat, vegetables and grapes under
1.62°C warming in the Mediterranean and Continental parts of the
country, whereas in the alpine areas of FYR Macedonia, wheat yields
are projected to increase considerably by more than 50 percent
(Sutton et al. 2013a). Low average temperatures and short growing seasons, both of which will be influenced by climate change,
characterize the alpine region. Yield declines in grape production
are especially problematic, as grapes are the most important cash
crop in FYR Macedonia. Wheat, on the other hand, is the most
important crop in terms of production area (World Bank 2010b).
Giannakopoulos et al. (2009b) assessed the impact of climate
change on Mediterranean agriculture for the period 2030–2061
with warming above 1.5°C (reference period 1961–1990) and differentiated between the impacts on irrigated crops (C4 summer
crops, tubers) and rain-fed crops (legumes, C3 summer crops,
and cereals). For irrigated crops, yields in Serbia are projected to
increase by 3–4 percent for C4 summer crops and by 2–5 percent
for tubers. For rain-fed crops, which dominate Serbian agriculture,
yields are mostly projected to decline. Cereal yields in Serbia show
a variation from a 2 percent decline to a 3 percent increase depending on the climate scenario used. When introducing adaptation
measures (e.g., early sowing dates, longer growing cycle cultivars),
the negative impacts of climate change could be reduced or even
reversed. However, the authors warned that the adaptation options
they analyzed require up to 40 percent more irrigation water.

5.4.2.3 Food Security
Of the 65 million people living in the five Central Asian countries,
roughly five million lack reliable access to food (Peyrouse 2013).
The Central Asian population is expected to increase significantly
in the future (up to 95 million people by 2050), compounding the
pressure induced by climate change on land and water resources
(Lutz 2010). The rural population is the most exposed to food
insecurity. In Tajikistan roughly 2 million people suffer from food
insecurity, of which 800,000 were directly threatened by hunger
in 2009. In the Kyrgyz Republic one million people are affected
by food insecurity (Peyrouse, 2013). Rising food prices can have
severe effects on the Central Asian population, as large percentages of household incomes are spent on food and many countries
in the region are highly dependent on food imports. For example,
inhabitants of Tajikistan and Uzbekistan spend 80 percent of their
household incomes on food (Peyrouse, 2013). Tajikistan produces
only 31 percent of the nation’s food domestically. This indicates
that Central Asian countries are exposed to fluctuations in international food prices (Meyers, Ziolkowska, Tothova, & Goychuk,

2012; Peyrouse, 2013). The access to international markets however
is problematic due to complex regional trade linkages such as
the trade blockages, exports/imports bans, and quotas (Bravi &
Solbrandt, 2011; Chabot & Tondel, 2011). However, according to
Headey (2013), the Central Asian region is not a hotspot of climate
change induced food insecurity, even though the region is to a
certain extent dependent on food imports. The country with the
highest risk of food insecurity is Turkmenistan (Headey, 2013).
The various threats to food security from climate change in
Central Asia and the Western Balkans are indicated in the literature as follows:
• Increasing temperatures and changes in precipitation and patterns of river runoff are serious risks for agricultural production
(Meyers et al. 2012).
• The availability of suitable arable land and water resources
is expected to decline simultaneously, changes in the type
and intensity of pests and diseases will occur, influencing the
available productive and adapted crop varieties and animal
breeds (Meyers et al. 2012).
• The availability of irrigation water in Central Asia is crucial in
order to maintain or expand agricultural production. As the
available water is likely to decline, competition for the remaining
water resources among agriculture, industry, and people (for
human consumption) could increase (Hanjra and Qureshi 2010).
• Heavy rainfall events and storms may occur more often,
increasing the risk of erosion from wind and water and leading to the degradation and desertification of scarce, valuable
arable land (Christmann et al. 2009).
• Sensitivity thresholds of crops might be exceeded more often
with rising average temperatures and the increased risk of
temperature extremes (Lioubimtseva and Henebry 2012;
Teixeira et al. 2013).
• Eastern Europe and parts of the Balkan region will suffer
from decreasing water availability, leading to yield reductions
(Meyers et al. 2012).

5.4.2.4 Synthesis
Climate change will have a significant impact on agriculture in
Central Asia and the Western Balkans. Central Asia’s agricultural
sector is highly dependent on the availability of water for irrigation. Changing precipitation patterns, reduced runoff in the major
river basins, and increasing temperatures will simultaneously put
additional pressure on available water resources and increase
agricultural water demand (Schlüter et al. 2010; Siegfried et al.
2012; World Bank 2013r; u; v). Prolonged periods of above average temperatures will exacerbate the heat stress of agricultural
crops, leading to decreasing plant productivity (Mannig et al. 2013;
Teixeira et al. 2013). Increasingly frequent and intense droughts
are very likely to increase desertification in the Kyrgyz Republic
and Kazakhstan (World Bank 2013r; v).
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Because of the high importance of irrigation agriculture in large
parts of southern Central Asia and the discussed inefficiency of
many irrigation systems, an improvement in irrigation techniques
would be very helpful in reducing pressure on existing water
resources (Lioubimtseva and Henebry 2009).
In the Western Balkans, the increasing occurrence of droughts
has been identified as a major threat to agricultural production
under climate change (Giannakopoulos et al. 2009b; Gocic and
Trajkovic 2013, 2014; Kos et al. 2013; UNDP 2014). The risk of
increasing droughts for this region was also cited in the latest
IPCC publication (Kovats et al. 2014). The dominance of rain-fed
agriculture in the Western Balkans makes the agricultural sector especially vulnerable to changing precipitation patterns and
increasing temperatures. The increasing appearance of extreme
rain and flood events also poses risks to agriculture in the region
(Sutton et al. 2013a). Currently, the agricultural productivity of
the Western Balkan states is comparably low—even though large
parts of the region are suitable for agricultural production (Swinnen et al. 2010; Volk 2010). Recent years have seen a rise in yields,
mostly based on improved production techniques (Volk 2010), and
there is potential for further yield increases. While climate change
could pose risks to increasing agricultural productivity, the poor
execution of agricultural policy reforms, inefficient institutions,
and missing infrastructure also threaten increases in productivity
(Swinnen et al. 2010; Volk 2010).
While some climate impact studies on agriculture are available for the countries of Central Asia (Mannig et al. 2013; Schlüter
et al. 2010; Siegfried et al. 2012; Sommer et al. 2013; Sutton et
al. 2013a), the Western Balkan countries lack coverage in recent
research (Meyers et al. 2012). The Western Balkan countries are
at times the subjects of climate change analyses focusing on
Europe or the European Union (Giannakopoulos et al. 2009b),
but very few studies concentrate on the regional climate impacts
on agriculture (Ruml et al. 2012).

The livestock sector is particularly underrepresented in current
climate impact research on Central Asia and the Western Balkans.
While the possible direct and indirect effects of climate change
on agriculture are discussed in numerous studies (Fay et al. 2010;
Miraglia et al. 2009; Sutton et al. 2013a; Thornton et al. 2009;
UNDP 2014), there is almost no regional modeling on climate
change and agriculture. For example, the effects of climate change
on livestock diseases and livestock biodiversity lack coverage in
the scientific literature. More research on the impact of climate
change on agricultural and livestock productivity, as well as on
food security in this region, is needed.

5.4.3 Energy Systems
5.4.3.1 Current Energy Access and Systems
Situation in the ECA Region
The Central Asian and Balkan countries have very different energy
mixes and varying climate change vulnerabilities. Some Central
Asian countries heavily rely on hydroelectricity (e.g., close to
100 percent in Tajikistan and the Kyrgyz Republic). Other countries
in Central Asia, and the Balkan countries (with the exception of
Albania), have access to electricity primarily via thermal electric
sources and, to a lesser extent, hydroelectricity. Table 5.4 displays the shares of electricity production by source, and the total
electrical power consumption per capita, in the different Central
Asian countries.

5.4.3.2 Hydropower in Central Asia:
More Conflicting Demands
Hydropower infrastructure plays a key role in Central Asia not
only for electricity generation but also for river flow regulation
and irrigation. Tajikistan and the Kyrgyz Republic, which are
located upstream of the Syr Darya and Amu Darya, respectively,
produce 98.8 percent and 93.3 percent of their total electricity

Table 5.4: Electricity production from hydroelectric and thermoelectric sources, including natural gas, oil, coal, and nuclear, in
2011 in the Central Asian countries.

COUNTRY NAME

ELECTRICITY
POWER
CONSUMPTION
(kWh PER CAPITA)

ELECTRICITY
PRODUCTION FROM
HYDROELECTRIC
SOURCES
(% OF TOTAL)

ELECTRICITY
PRODUCTION FROM
THERMOELECTRIC
SOURCES
(% OF TOTAL)

ELECTRICITY
PRODUCTION
FROM OTHER
SOURCES
(% OF TOTAL)

Kazakhstan

4,892

9

91

0

Kyrgyz Republic

1,642

93

7

0

Tajikistan

1,714

99

1

0

Turkmenistan

2,444

0

100

0

Uzbekistan

1,626

19.5

80.5

0

Sources: World Bank (2013e, f, g, h, i, j).
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from hydropower (World Bank 2013p). By contrast, the riparian
downstream countries of Kazakhstan, Uzbekistan, and Turkmenistan produce, respectively, 9.1 percent, 19.5 percent, and close
to 0 percent of their electricity from hydropower (World Bank
2013p). Despite the relatively high reliance on hydroelectricity in a
few countries in the region, in total only 8 percent of the regional
hydropower potential has been developed (Granit et al. 2010). Taking into account the steeply growing population of Central Asian
countries (World Bank 2013h) and their current and projected
economic growth (World Bank 2013s), demand for energy is projected to rise. However, the impacts of climate change on river
runoff and seasonality could affect hydropower generation and
increase conflicting water demands for hydropower and irrigation.
A global study by Hamududu and Killingtveit (2012) projected
both future river runoff and the electricity produced by hydroelectric installations at the national level, aggregated at the regional
level, for Africa, Asia, Europe, North and Central America, South
America, and Australasia/Oceania. The authors estimated percentage changes in hydropower generation up to 2050 under 2.3˚C
global warming. For Central Asia, they found that production is
expected to increase by 2.29TWh, or 2.58 percent, compared to
the 2005 production level. Other available projections show that
the potential of installed small hydropower plants is projected to
decrease by the 2050s under 2°C warming by around 13 percent
in Turkmenistan and 19 percent in the Kyrgyz Republic, and to
increase by nearly 7 percent in Kazakhstan (WorleyParsons 2012).
Siegfried et al. (2012) projected the impacts of climate change
on Syr Darya river runoff and seasonality changes for the middle
of the 21st century (2040–2049) under 1.8˚C of global warming.
Their projections took into account glacier melt, precipitation,
and temperature at six different locations in Central Asia: the
Fergana Valley (Uzbekistan, Kyrgyz Republic, and Tajikistan);
the Toktogul Reservoir (Kyrgyz Republic); the Andijan Reservoir (Kyrgyz Republic); the Charvak reservoir (Uzbekistan);
the Kayrakum reservoir (Tajikistan); and the Chardara reservoir
(Uzbekistan). The authors concluded that the most significant
consequence of climate change will be the 30–60 days seasonality shift in river runoff. This shift in seasonality is projected to
have major consequences for both upstream and downstream
reservoir management, and the shift could lead to a major water
demand deficit. For the Fergana Valley, where approximately
22 million people depend on irrigation for their livelihoods, the
water demand deficit is projected to increase due to an increase
in evapotranspiration and changes in runoff seasonality. According to the projections, maximum demand deficits are projected
to occur in the early growing season, which is the most sensitive
for plant growth. This increased demand deficit for irrigation
is projected to put more pressure on hydroelectricity, which is
likely to be accentuated by a projected population growth and
will contribute to a reduction in per capita water availability.

5.4.3.3 Energy Systems in the Western Balkans
The energy mix of the Western Balkans countries is very heterogeneous. Albania produces almost all of its electricity from
hydropower; at the other end of the scale, Kosovo only produces
two percent of its electricity from hydroelectric sources (World
Bank 2013p). FYR Macedonia, Serbia, Montenegro, and Bosnia
and Herzegovina produce between 20 and 45 percent of their
electricity from hydroelectric sources.
As many of the Balkan countries rely on thermal electricity
sources, the assessment of climate change impacts on this sector is particularly relevant. These projected impacts on southern
and eastern European countries were studied by van Vliet et al.
(2012); their study took into account the effects of the changes
in river water temperature and river flows on thermal electricity
production. They found that the capacity of nuclear and fossilfueled power plants in Europe could face a 6–19 percent decrease
in from 2031–2060 compared to the production levels observed
from 1971–2000. Furthermore, due to the expected increase in
the incidence of droughts and extreme river low flows, the mean
number of days in which electricity production will be reduced by
more than 90 percent is projected to increase threefold compared
to present levels, from 0.5 days per year (at present) to 1.5 days
per year from 2031–2060 under 1.5˚C global warming. Table 5.5
summarizes the results of their projections.
It has also been projected that decreased production and power
generation disruption induced by lower runoff and increased air
and water temperatures will lead to an increase in electricity prices
(McDermott and Nilsen 2014). As the majority of the countries
in the region are strongly dependent on thermal electric production, climate change is projected to increase their vulnerability by
affecting the supply of electricity to both households and industry.
In addition, economic development and a growing population
are expected to increase energy demand, thereby putting thermal
electric power plants under increasing pressure. In the absence of
adaptation measures, climate change, economic development, and
population growth may together contribute to a rise in electricity
prices and increase the risk of electricity shortages in the region.
In addition to the gradual slow-onset climate changes expected
in the region, climate change may also increase the intensity and
frequency of extreme weather events. The number of studies
assessing the impacts of extreme weather events, such as floods,
droughts and storms, on thermal electricity production plants at
the regional and global level is still very limited, however; this
does not allow for a comprehensive analysis of this issue.
Regarding hydropower generation, a study by Hamududu and
Killingtveit (2012) found that, for Southern Europe (including the
Balkan countries), overall hydropower production is expected to
decrease by 1.66TWh, or 1.43 percent compared to 2005 production levels.
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Table 5.5: Reduction in usable capacity (expressed in KWmax) of thermal power plants in Europe.
SCENARIO / PROJECTED
REDUCTION IN USABLE
CAPACITY

KWMAX REDUCTION > 25%
(IN MEAN NUMBER
OF DAYS PER YEAR)

KWMAX REDUCTION > 50%
(IN MEAN NUMBER
OF DAYS PER YEAR)

KWMAX REDUCTION > 90%
(IN MEAN NUMBER
OF DAYS PER YEAR)

Once-through or combination cooling thermal power plants
1971–2000

64

31

0.5

B1 (2031–2060)(1.4˚C global warming)

84

44

1.4

A2 (2031–2060)(1.5˚C global warming)

90

50

1.5

Recirculation (tower) cooling thermal power plants
1971–2000

14

9

0.02

B1 (2031–2060)(1.4˚C global warming)

18

10

0.09

A2 (2031–2060)(1.5˚C global warming)

19

11

0.08

Source: van Vliet et al. (2012).

Despite the limitations of this study, the projections for this
region are supported by a more detailed local study in Croatia.
Pasicko et al. (2012) projected that energy generation from hydropower plants could decrease by 15–35 percent in a 4˚C world. The
projected decrease in hydropower production in Croatia originates
from the projected 35 percent reduction in future precipitation,
affecting the major Croatian rivers basins in the summer months
from 2080–2100 as compared to the reference period 1961–1990.

5.4.3.4 Synthesis
Energy demand in the ECA region is projected to rise together
with population growth and economic development. Warmer
winter temperature can be expected to lead to decreased energy
consumption for heating; however, this trend will be counterbalanced by higher energy consumption for cooling purposes during
summers. Energy generation in the ECA region will be affected
mainly by changes in the river flows and water temperatures.
In Central Asia hydropower generation has a potential to play a
major role in the future energy mix, however, the new pattern of
intra-annual runoff distribution will mean that there will be less
water available for energy generation in summer months. In the
Western Balkans, hydropower generation potential could decrease
due to less precipitation in the region. Furthermore, the capacity
of nuclear and fossil-fuelled power plants in the sub-region could
decrease due to increased water temperature.

5.4.4 Human Health
A number of diseases and health conditions are already present
across Eastern Europe and Central Asia, some of which will be
affected by climatic changes such as increased temperatures and
more frequent and intense rainfall and drought events.

5.4.4.1 Vector-Borne Diseases
The Balkans and parts of Kazakhstan and the Kyrgyz Republic fall
into the endemic zone for tick-borne encephalitis (TBE), transmitted by the Ixodes genus of ticks (Lindquist and Vapalahti 2008).
Although climate is only one factor among several that influence
the TBE transmission, and climate change could also disrupt the
conditions required for the disease transmission (Randolph and
Rogers 2000), the spread of TBE appears to be a real risk associated with rising temperatures across the region.
The reemergence of malaria in Tajikistan—following its neareradication by the end of the 1950s in the USSR (Lioubimtseva and
Henebry 2009)—has happened in conjunction with an increase
in mean temperatures (Ministry of Nature Protection 2003). The
disease is currently endemic to Tajikistan, with the risk classified
as very high in much of the Khatlon region in the southwest of the
country and the Sogd region in the north, and there are currently
more than 150 days of the year suitable for malaria transmission
according to the Tajik meteorological agency (Ministry of Nature
Protection 2003). Since the early 1990s, malaria has also reappeared in Uzbekistan, the Kyrgyz Republic, and Turkmenistan,
and locally transmitted cases have also been reported in Russia
and Kazakhstan (Lioubimtseva and Henebry 2009).
Dengue fever and Chikungunya fever, transmitted by Aedes
mosquitoes, are already present in Europe (ECDC 2013). Climatic
conditions in the Balkans have become more suitable over the last
two decades for one of the potential vectors of dengue and Chikungunya, A. albopictus, also known as the Asian tiger mosquito
(Caminade et al. 2012). It is currently found in most of Albania
and Montenegro, and in northwestern areas of Serbia and Bosnia
and Herzogovina. This is related to wetter and warmer conditions favoring the winter survival of the mosquito. A study from

194

9099_CH05.pdf 194

11/17/14 6:04 PM

E UR O PE A ND CENTRA L A S IA

the European Centre for Disease Prevention and Control (2012),
points to increasing climatic suitability for A. albopictus in the
Western Balkans with climate change. Caminade et al. (2012) also
projected an increased suitability from 2030–2050 in the Balkans
with about 1.5°C global warming, and an associated lengthening
of the mosquito’s activity window.

5.4.4.2 Food- and Water-Borne Diseases
Food-borne diseases, including salmonellosis, display a distinct
seasonal pattern that has been associated with including increased
temperatures, heat waves, and flooding (Semenza et al. 2012).
A time-series analysis of 10 European countries undertaken by
Kovats et al. (2004) showed a clear relationship in most of the
countries studied between increases in ambient temperature and
increases in the incidence of sporadic salmonella poisoning. While
the overall incidence of salmonellosis is in fact declining in most
European countries (ECDC 2013), it is likely that, with increased
temperatures, climate change will increase the risk of outbreaks.
In Central Asia, Novikov et al. (Novikov et al. 2009) noted
that salmonellosis could become a greater problem due to warmer
temperatures and the contamination of communal water sources
exacerbated by either drier conditions or flooding. Contaminated
water supplies are also associated with cholera, typhoid, and
dysentery. The reproductive rates of flies, which often play a significant role in transmitting food and water-borne diseases, may
be increased at elevated temperatures, leading to higher incidence
rates and longer disease seasons (Lioubimtseva and Henebry 2009).
In Tajikistan, for example, there is a risk of choleric reservoirs
developing in the lower reaches of the Vakhsh, Kafirnigan, and
Syrdarya rivers (Ministry of Nature Protection 2003).

5.4.4.3 Impacts of Extreme Weather Events
Heat Waves
Heat waves can impact human health in direct ways (e.g., heat
stress) and indirectly (e.g., aggravating respiratory and cardiovascular conditions). The increased incidence and intensity of extreme
heat events could cause the seasonality of temperature-related
mortality across continental Europe to shift from winter to summer, with fewer cold-related deaths and more heat-related ones.
While the decreasing trend in cold-related deaths is expected to
initially cancel out the increasing trend in heat-related deaths, the
net total number of deaths is projected to increase for the period
2050–2100 under 3˚C global warming (Ballester et al. 2011). In
the Western Balkans, Albania and FYR Macedonia are considered
particularly vulnerable to heat waves (ENVSEC and UNEP 2012).
Central Asia has seen an increased incidence of heat-related
strokes and mortalities. For example, Tajikistan’s Second National
Communication to the UNFCCC reported that the number of days
with extremely hot weather has doubled since 1940 (cited in BMU
and WHO-Europe 2009). In addition, according to Kazakhstan’s

Second National Communication, most parts of that country have
seen a doubling in the frequency of heat waves and a decrease in
the duration of cold waves (BMU and WHO-Europe 2009).

Flooding
In the Western Balkans, northern Serbia is considered particularly
vulnerable to flooding (ENVSEC and UNEP 2012). Further east,
severe flooding has been experienced in Tajikistan in recent years.
Injuries and fatalities as a result of glacial outburst flooding in the
mountains of Tajikistan, Uzbekistan, and the Kyrgyz Republic have
also been observed (Novikov et al. 2009); glacial lake outburst flooding poses a mounting danger as glaciers retreat with regional warming. Mudflows in Kazakhstan, meanwhile, are expected to increase
tenfold with a warming of 2–3˚C (BMU and WHO-Europe 2009).

5.4.4.4 Synthesis
Little modeling of climate change impacts on human health in the
Western Balkans and Central Asian regions has been undertaken.
A lack of certainty about the mechanisms through which climate
change affects the incidence of tick-and mosquito-borne diseases,
for example, prevents strong claims about future trends. An exception, perhaps, is dengue fever: stronger indications of an increased
risk of dengue in the Western Balkans have been provided by
the European Centre for Disease Prevention and Control (2012)
and Caminade et al. (2012). In addition, historical observations
of extreme events, including glacial outburst flooding, may offer
some clues as to what the increased risks of such events under
climate change could mean for human health in the region.

5.4.5 Security and Migration
5.4.5.1 Climate-related Drivers of Migration
One of the impacts of climate change on the socioeconomic and
political stability of the ECA region will be manifest from the
modification and/or intensification of migratory movements
within and from the Central Asian and Western Balkans countries.
Concerns associated with population trends and climate change
have so far been largely treated in separation (Lutz 2010). While
recent research is gradually trying to bridge this gap (e.g., Drabo
and Mbaye 2011; Reuveny 2007), the knowledge base remains
extremely weak in terms of forecasting migratory patterns.
Frequently cited figures estimate that, globally by 2050, the
number of people forced to move primarily because of climate
change will be within a wide range of 200 million and one billion
(Tacoli 2009, 514). It is likely that both extreme weather events and
changes in mean temperatures, in precipitation, and in sea levels
will contribute to increasing levels of mobility (Islami et al. 2009;
Tacoli 2009). It is difficult to predict with precision, however, the
extent to which these factors will impact population distributions
and movements (Kniveton et al. 2008).
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According to Lutz (2010), future migration within the ECA
region is likely to be determined by political changes and security
problems in certain countries (linked, for instance, to the presence of ethnic minorities) in addition to environmental stresses;
these are all factors that are very hard to predict with certitude
(Lutz 2010). The projected increase in the intensity and frequency
of natural catastrophes (e.g., forest fires, heat waves, floods and
landslides) (Adger et al. 2014) is likely to result in population
movements that, in turn, could generate frictions in such politically sensitive countries as Albania, Bosnia and Herzegovina, and
Kosovo (Maas et al. 2010). In Central Asia, the biggest potential
threat is an increase in landslides and avalanches, especially in
the Fergana Valley, which would impact on regional livelihoods
and food security (Siegfried et al. 2012).
If it is assumed that the Western Balkans will exhibit similar
reactions to those of Southeast and Eastern Europe, the increased
risk of disasters will result in decreasing economic opportunities and
provide incentives for migration (Maas et al. 2010). The European
Union could be among the primary destinations. Migration could
also take place within the region, eventually further aggravating the
economic situation. In Central Asia, migratory patterns are likely
to continue to flow toward more productive and secure areas (e.g.,
Russia, Europe, and the United States, from which the majority
of remittances are currently received) (Asian Development Bank
2011; Maas et al. 2010; Schubert et al. 2007).

5.4.5.2 Rural-Urban Migratory Patterns
as a Consequence of Climate Change
In Central Asia today, migration plays an important role in the
development of the region, notably through remittances (Asian
Development Bank 2011). Of the countries in the ECA region,
Albania, Kazakhstan, and Georgia are among the main sending
countries of migrants (Fay et al. 2010). Migration in the Western

Balkans has already led to severe demographic changes; coupled
with the general demographic trend toward an aging population,
this is expected to cause increased regional climate change sensitivity and decreased adaptive capacity as an aging population
is more sensitive to heat (EEA 2012).
According to the Asian Development Bank (2011), a large part
of the region’s population already lives in areas at high risk of
increased water stress due to climate change. Population growth
is another potential push factor contributing to both internal and
external migration. For example, the population in the Aral Sea
basin is expected to grow by about 20 million over the next 40 years
(about a 30 percent increase relative to today), with Uzbekistan
contributing about 50 percent and Tajikistan about 25 percent to
the expected growth (UN World Population Database in Siegfried
et al. 2010).
Population growth in climate change hotspots in the Central
Asian countries indicates that, almost all of the population in the
sub-region is living in areas at risk from the impacts of climate
change. By 2050, a 77.2 percent increase in the population living
in hotspots is expected for Tajikistan, 55.4 percent in Uzbekistan,
41.3 percent for Turkmenistan, and 31.3 percent for the Kyrgyz
Republic (with respect to the values for the year 2000) (see
Table 5.6).
A study commissioned by the International Organization
of Migration (IOM) in 2005 found that internal displacements
in Central Asia amounted to about half of the total migrant
population (Kniveton et al. 2008). Among internal migrants, a
significant share moved due to environmental reasons (Jaeger
et al 2009). Reasons for these displacements included mudslides
and landslides, floods, hazardous waste and desertification
(particularly around the Aral Sea) (Asian Development Bank
2011). In Tajikistan, for example, there is a clear trend of moving
out of rural areas in the period 1995–2003, with most educated
employable people moving to cities, especially Dushanbe (Asian

Table 5.6: Central Asia: projected number of people facing multiple risks from climate change.

COUNTY
Kazakhstan
Kyrgyz Republic
Tajikistan
Turkmenistan
Uzbekistan

NATIONAL
POPULATION IN
HOTSPOTS (%)

2000

2020

2030

2050

% CHANGE OF
POPULATION IN
HOTSPOTS
2000–2050 (%)

5.6

6.5

PEOPLE (MILLIONS)

32.1

5.3

5.4

5.5

99.9

5.0

6.0

6.3

6.6

31.3

100.0

6.1

8.3

9.4

10.8

77.2

80.9

3.9

4.7

5.1

5.5

41.3

100.0

24.7

32.4

35.2

38.3

55.4

Source: Asian Development Bank (2011), page 52.
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Development Bank 2011; Khakimov and Mahmadbekov 2009).
This is expected to be driven by worsening agricultural conditions
in the southern latitudes and improving conditions in the north,
but it is unclear whether this push from southern rural areas
and the pull into northern areas will translate into rural to rural
migration, or will be associated with rural to urban migration
into cities in the north (Lutz 2010).
According to a study by the World Bank, ISDR and CAREC
under the Central Asia and Caucasus Disaster Risk Management
Initiative (CAC DRMI), the urban population as a percentage of
the total is expected to remain roughly constant for most countries
until 2015, with the exception of Turkmenistan and Kazakhstan,
where these figures are expected to increase (World Bank et al.
2012). However, between 2015 and 2020 the figures for Central
Asia are expected to start increasing again, up to a rate of around
6 percent a year by 2050. Therefore, taking the overall growth
patterns into account, the total urban population is expected to
increase by 10 million by 2025 and by 27 million by 2050. Such
an increase in the number of people living in urban areas will
significantly impact the levels of vulnerability associated with
high population concentrations, especially in case of disasters
(World Bank et al. 2012). In fact, because urban areas have higher
population densities, more concentrated infrastructure, and are
key contributors to economic growth, the consequences of a catastrophic event there will generally be greater than in rural areas
(World Bank et al. 2012).

5.4.5.4 Synthesis
Projected climatic changes related to temperatures and water
availability, together with an increased risk of climate extremes,
will contribute to increased mobility in the ECA region. The exact
migration patterns are difficult to estimate due to low data availability as well as due to the fact that the decision to migrate is
usually an outcome of several processes that might be related to
bio-physical environmental changes but might also be strongly
influenced by the social and political context.
The projected increase in the intensity and frequency of extreme
events in the ECA region is likely to lead to migration. In Central
Asia almost all of the population lives in climate change hot-spot
areas and the population of these areas is expected to increase in the
future. In general terms, climate change may contribute to a revival
of internal migration movements in Central Asia, as well as from
Central Asia to Russia. Due to the projected increased urbanization,
the vulnerability of cities to extreme events might rise, together with
the increasing population and the concentration of infrastructure.
The adverse effects of climate change will be borne by those
who are already more vulnerable: women, children and older
people, disabled people, urban poor, as well as those that are
dependent on rain-fed agricultural production or pastoralism.
Furthermore, population movements could generate friction in
politically sensitive countries such as Albania, Bosnia and Herzegovina, and Kosovo.

5.4.6 Russia’s Forests: A Potential Tipping Point?
5.4.5.3 Other Consequences of Climate-Induced
Migration
The adverse effects of climate change will be felt most acutely
by those parts of the population that are already more vulnerable owing to their gender, age, and disability. Moreover, climate
change is likely to compound existing food security issues and
impact heavily upon those dependent on the agricultural economy.
Its distributional effects, therefore, are more likely to fall upon
those involved in rain-fed subsistence agriculture or pastoralism
(Government of the Republic of Tajikistan 2011).
In Tajikistan, for example, women and children, who constitute the majority of the country’s poor, are especially vulnerable
to the impacts of climate change as they are often charged with
the responsibility to secure water, food, and fuel for cooking and
heating.
According to a Climate Risk Assessment (CRA) study conducted
by Camp Alatoo in the Kyrgyz Republic in 2013, the country’s female
population is likely to experience higher climate change risks and
vulnerabilities in several situations. Women in the Talas, Chui,
Naryn, and Issyk-Kul Oblasts were less impacted by landslides,
but suffered more in cases of snowfall and other natural events,
as well as from the impacts of climate change on crop production
(Camp Alatoo 2013).

The forests of Russia cover 882 million ha (FAO 2012b). They have
a growing stock of 79,977,200,000 m³ and are of crucial relevance
for the regional and global timber supply, despite the fact that
only half of the annual wood increment is actually available for
use (FAO 2012b).
The boreal region in Russia is characterized by markedly
greater shifts to warmer temperatures and altered precipitation
patterns than the global mean. In a 4°C world, for example, local
temperature increases in Russian boreal forests are projected to
be almost twice as high as globally (see Section 5.3.1, Projected
Temperature Changes). Anthropogenic climate change is altering
the Russian forest ecosystems and interacting with other changes
(e.g., the abandonment of agricultural lands). This threatens the
provision of such ecosystem services as carbon storage and timber
production. Moreover, there is a risk that the boreal forest may
cross a tipping point and shift to an alternative state (Lenton et al.
2008; Scheffer et al. 2012).
Physiological responses to changes in climate depend strongly
on the limiting factors of forest growth, in particular low summer temperatures and nitrogen availability. Multiple interacting
factors such as drought and heat stress, together with a changing
background climate, could lead to forest diseases or insect pest
outbreaks—and to increased tree mortality. If, as a response to
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climate change, tree mortality continues to increase more rapidly
than growth, and if the permafrost is melting, the carbon balance
may be substantially altered. This is significant because Russian
boreal ecosystems store a massive amount of carbon, especially in
soils, permafrost regions, and wetlands (Tarnocai et al. 2009). In
addition, Russian forests store about 26.25 billion tons of carbon
in aboveground biomass (FAO 2012b). Sharmina et al. (2013)
reviewed the Russian-language climate change impact literature
and found that the key climate change impacts expected to affect
forest ecosystems are changes in vegetation zones, more frequent
and intensive wildfires, and terrestrial CO2 fertilization.
The sensitivity of the vast Russian forests to warming has
significant implications for the climate system as a result of the
biosphere-atmosphere exchange of water, carbon, and energy.
The two dominant feedbacks are changes in carbon cycling and
changes in reflectance and energy exchange (albedo) that result
from the loss or gain of evergreen coniferous vegetation at high
latitudes (Betts 2000; Bonan 2008; O’Halloran et al. 2012). Russian
boreal ecosystems contribute strongly to the northern terrestrial
carbon sink, and are estimated to represent around half of the
terrestrial global sink, which was estimated at 1.3 ±0.15 PgC
per year between 2000–2009 (Dolman et al. 2012; Schaphoff et
al. 2013). This estimate takes into consideration emissions from
land use change.
Global warming has the potential to reduce the carbon sink
capacity of the boreal zone (Koven et al. 2011; Schaphoff et al.
2013). For Eurasia, climate change in interaction with vegetation
shifts and fires has the potential to turn the Eurasian carbon sink
into a source in a 4°C world (Kicklighter et al. 2014). In a 1.5°C
world, Eurasia would remain a small carbon sink (Kicklighter et
al. 2014). Observations suggest that increased temperatures could
stimulate photosynthesis (Magnani et al. 2007; Myneni et al.
1997, 2001). Warszawski et al. (2013) and Ostberg et al. (2013)
found that across a range of Global Vegetation Model and GCM
projections the boreal forests are at particular risk of biosphere
changes, including changes in the type and distribution of vegetation, carbon pool changes, and carbon and water flux changes.
In combination, these changes would alter the biosphere-climate
interactions.

5.4.6.1 Observed Changes in Forest Productivity
Forest growth in the northern latitudes depends on a variety of climatic and non-climatic factors. Increased radiation and atmospheric
CO2 concentrations as well as temperature increases leading to a
lengthening of the growing season have stimulated forest growth
(Berner et al. 2013; Ichii et al. 2013; Myneni et al. 1997). Berner et al.
(2013) stressed that, in addition to temperature, water availability
and the seasonality of precipitation also affect growth. Increased
precipitation has promoted vegetation greening in some regions
(Ichii et al. 2013). If water availability is sufficient, future warming
could promote plant growth and forest expansion along the Russian

arctic tree line (Berner et al. 2013; Devi et al. 2008; MacDonald et al.
2008). At the same time, water stress, forest fires, insect pests, and
diseases have led to increased tree mortality—counteracting forest
growth stimulation. Tchebakova et al. (2009) suggested that growth
depends on water availability and, in the case of larch forests, on
other factors potentially related to permafrost dynamics and wildfires.
Recent analyses of Normalized Differenced Vegetation Index
(NDVI) data, used as a proxy for terrestrial gross primary production, explored the spatial and temporal variability of greening
and browning patterns in the boreal zone (Beck et al. 2011; Bunn
and Goetz 2006; Goetz et al. 2007; de Jong et al. 2011). Here,
the positive trend of seasonal photosynthetic activity is mostly
confined to tundra ecosystems; a number of boreal forests in the
continental interior showed a negative trend (especially after
1990). Furthermore, studies of tree rings have identified complex
patterns of tree growth in response to climate variability (Lloyd
and Bunn 2007). Kharuk et al. (2006) found that the radial increment of larch depends strongly on summer temperatures and the
amount of precipitation in both summer and winter.

Productivity Decline
Continuing warming may offset the benefits of an earlier spring
onset and a delayed end of the growing season. Browning trends
are shown to occur predominantly in the interior of the forest in
late summer, despite positive trends in photosynthetic activity at
the beginning of the vegetation period (Bunn and Goetz 2006).
Productivity declines in the boreal forests of the continental interior
appear to be related to warming-induced drought stress (Barber
et al. 2000; Dulamsuren et al. 2013; McDowell 2011). Browning is
associated with already-warmer areas (Berner et al. 2013). Many
trees exhibited a general downward trend in basal area increment
after the mid-20th century (Berner et al. 2013). Lloyd and Bunn
(2007) pointed out that the highest frequency of browning occurs
in the most recent time period during which greening occurs at
the lowest frequency. Kharuk et al. (2013) suggest that soil moisture stress is the main factor in forest mortality in the eastern
Kuznetzky Alatau Mountains of South Siberia. They found that
most Siberian pine mortality was detected on steep slopes; birch
and aspen trees in the same area did not, however, show drought
stress. Siberian pine is an important forest species in the region
and its decline has great significance for forestry.

Productivity Increase
Warming has increased net primary production (NPP) north of
47.5° over the past decade (2000–2009) in spite of a concurrent
drying trend (Zhao and Running 2010). However, over the Siberian forest this increase was heterogeneous with an extensive
negative trend over the western part (Zhao and Running 2010). A
satellite imagery-based study by Jeong et al. (2011) observed an
earlier onset and a delayed end of the growing season in Eurasia.
The authors estimated that from 1982–1999 the growing season
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increased by more than 0.8 days per year in accordance with a
significant warming of more than 0.25°C per year. An evaluation
of satellite remote sensing data shows positive greening trends in
the transition zone to tundra and wetlands during the summertime
growing season since the 1990s (Beck and Goetz 2012; Bunn and
Goetz 2006). Similarly, Lloyd et al. (2011) proved that warming
has a more positive effect in the northern sites. Greening is more
often observed in colder areas, and it was most evident in areas of
low tree cover (Berner et al. 2013). Therefore, the positive trend in
Normalized Difference Vegetation Index data might reflect enhanced
understory growth rather than higher tree growth (Berner et al.
2011); it might also indicate a changing allocation pattern from
woody parts to green plant material (Lapenis et al. 2005).

5.4.6.2 Observed Forest Cover Changes
and Vegetation Redistribution
Russia showed the highest forest cover loss globally from 2000–2012
(Hansen et al. 2013). Fires and subsequent recovery in Russian
forests also led to large gains in forest cover over the same period;
due to the slow regrowth dynamics, however, the gains typically occurred in different areas than the losses (Hansen et al.
2013). By analyzing Landsat remote-sensing data, Kharuk et al.
(2006) estimated an increase in the density of larch forests of
about 65 percent and an advancement of the northern treeline by
90–300 m over the period 1973–2000. Devi et al. (2008) reported
an altitudinal expansion into the formerly tree-free tundra during
the last century of about 20–60 m in altitude, as well as increasing
tree ages and high sapling densities. At the trailing end of forest
distribution, Kharuk et al. (2013) described a decline in Russian
birch stands in the southeastern Siberian forest-steppe.
Vegetation redistribution affects species composition and forest
structure and may also lead to biodiversity loss. Evidence from
warming experiments suggests that climate change may cause
a decline in biodiversity in the tundra, as warming promotes
increased height and cover of deciduous shrubs and graminoids
and, consequently, a decrease in mosses and lichens (and, ultimately, less species diversity) (Walker et al. 2006). An invasion of
southern conifers was also reported in the zone of larch dominance
(Kharuk et al. 2006).

5.4.6.3 Observed Carbon Budget,
Carbon Balance, and Permafrost
The forests of Russia are of great importance for the global carbon
cycle. The greenhouse gas inventory approach of Pan et al. (2011)
estimated a carbon sink of 0.26 PgC per year in Asian boreal
forests from 1990–2010 (and 0.15 PgC per year in the 1990s and
0.20 PgC per year overall in the last century). Myneni et al. (2001)
found a contribution of more than 40 percent to the Northern
carbon sink in 1995–1999. Pan et al. (2011) found that Russian
forests stored 34.9 PgC in live biomass in 1990 and 37.5 PgC in
2007. Thurner et al. (2013) estimated about 32 PgC per year in

2010 using modified forest inventory data and including remote
sensing data. Shvidenko and Nilsson (2002, 2003) found carbon
balance estimates for 1961–1998 based on forest inventories that
indicated a large carbon sink ranging from 180–322 TgC per year.
Dolman et al. (2012) estimated a carbon sink of 653 TgC per year
from 1998–2008 that implies a substantial increase of the Russian boreal sink in the last 15 years. Tarnocai et al. (2009) have
reported 331 PgC in permafrost areas of Eurasia in the first meter
and another 162.8 PgC in peats. Schepaschenko et al. (2013)
estimated similar amounts of soil carbon in Russia; they differentiated Asian (189 PgC) and European (42 PgC) forest areas
and excluded the tundra. The large range in reported values here
depends on whether vegetation and soil carbon are considered
or just vegetation carbon as well as whether or not disturbances
are taken into account (Balshi et al. 2007).
Northern latitude areas have a high potential to become carbon
sources. Balshi et al. (2007) found conflicting estimates of mean
annual changes in carbon storage for Eurasia north of 45°N for
the period 1996–2002. Using a process-based ecosystem model,
they simulated either a sink of 280.2 TgC per year with CO2 fertilization or a source of 29.4 TgC per year without CO2 fertilization.
Changes in permafrost dynamics, soil-vegetation carbon dynamics, and vegetation distribution could cause long-term changes in
the biosphere at high latitudes. These could also have a large impact
on the climate system. Permafrost thawing is most pronounced
within the discontinuous permafrost zone but is also reported in
the continuous permafrost zone (Romanovsky et al. 2010).

5.4.6.4 Observed Disturbances
Disturbances play an important role in Russian forests. Fire is the
single most important forest disturbance, but a larger area is also
affected by various pests and diseases (FAO 2012b).

Pests and Diseases
About 13 million ha of East Siberian forest area, representing a
loss of 2 billion m³ of growing stock, are believed to have been
destroyed by the Siberian silk moth from 1880–1969 (Shvidenko
et al. 2013). A single outbreak in 2001 affected an area of almost
10 million ha in a larch forest that had been thus far unaffected
(Shvidenko et al. 2013). The area affected by biogenic agents in
Russian forests is increasing from an average of 2.73 million ha
during 1973–1987 to 5.48 million ha during 1998–2010 (Shvidenko
et al. 2013). The study also pointed out that a warmer and drier
climate would induce large-scale outbreaks.
Projected climate changes in the boreal zone could increase
the frequency and intensity of pest outbreaks. Studies of the
Canadian boreal forest show that insect disturbances can turn the
forest from a carbon sink into a carbon source (Kurz et al. 2008).
It is important to note that there are considerably more studies
on the effects of forest fires than on pests and diseases. What is
clear, however, is that climate change will lead to northward shifts,
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longer summer seasons, and warmer temperatures for the growth
and reproduction of forest insects (Bale et al. 2002).

Fire
The uncertainty regarding the amount of carbon released through
fires is large, and estimates from several studies compiled by Balshi
et al. (2007) range from 58 TgC per year up to 520 TgC per year for
boreal Russia/Siberia for different time periods within 1971–2002.
A large part of the uncertainty relates to how burn severity is
accounted for (Balshi et al. 2007). An estimated 59.3 percent
of vegetation fires occurred in forest areas and accounted for
about 82 TgC per year of emissions on average during 1998–2010
(Shvidenko et al. 2012). A later study (Shvidenko and Schepaschenko
2013) estimated the total amount of carbon burnt in 1998–2010 at
121±28 TgC per year, with 76 percent (i.e., 92±18 TgC per year)
occurring on forest lands. Shvidenko and Schepaschenko (2013)
also stressed that post-fire dieback is uncertain and may amount
to 90–100 TgC per year.
Shvidenko and Schepaschenko (2013) highlighted that the
types of fires have been changing, with a 1.5–2 times higher share
of crown and underground fires seen of late. They found that the
forest area affected by fires for 1998–2010 is 8.2 million ha per year
(or 9.2 million ha per year using data from a global dataset); for
2000–2010, that number is 8.5 million ha per year. Soja et al. (2007)
pointed out that 22 percent of the annual burned area is made up
of severe crown fires with strong impacts on forest productivity
and carbon pools (Chertov et al. 2013), and that, in severe crown
fires make up 50 percent of all fires in extreme fire years. Soja
et al. (2007) found an increase in fire severity during the years
1998–2006, which can be connected to warmer conditions. In
addition, the area burnt in the 1990s is 29 percent greater than in
the 1980s and 19 percent more than reported for a 47-year mean
(Soja et al. 2007). More recent analysis of both forest statistics
and remote sensing data reveal that, despite large variability, the
area affected by fire seems to increase, as shown in Figure 5.19
(Shvidenko and Schepaschenko 2013).
There are important feedbacks between fire and climate. Randerson et al. (2006) found that the long-term effects of boreal forest
fires on climate warming are uncertain since positive feedbacks
(enhancing warming) from increasing greenhouse gas emissions
may be offset by changes in surface albedo (decreasing warming
due to loss of canopy and more snow exposure).
It is important to note that forest fires are also affected by
socioeconomic changes. Ivanova et al. (2010) have shown that
extant climate change in combination with socioeconomic changes
(e.g., reduced firefighting funds) has resulted in an increase in
fire intensity and area burned (but not fire frequency) in the Tuva
region in southern Siberia. Moreover, Isaev and Korovin (2014)
highlighted that the large forest fires that occurred in 2010 were
due not only to unusual meteorological conditions but also to
poor forest governance and management and an increasing area

Figure 5.19: Dynamics of total area of wildfires in Russia’s
forests according to (1) GFDE3 (global fire emissions
database); (2) refined data provided by the Institute of Forest,
Russian Academy of Sciences; (3) Space Research Institute,
Russian Academy of Sciences; and (4) Vivchar et al. (2010).

Source: Shvidenko and Schepaschenko (2013), Figure 1.

of abandoned farmlands leading to declining numbers of forest
managers, forest firefighters, and less-efficient forest protection
systems. Similarly, Flannigan et al. (2009) noted that, since the
breakdown of the Soviet system, the effectiveness of the Russian
firefighting system has decreased—which has led to larger areas
being burned.

5.4.6.5 Projections of Vegetation Redistribution,
Forest Productivity, and Carbon Budget Changes
While climate change is expected to have a great impact on vegetation distribution, changes in vegetation distribution also feed
back onto the climate. Enhanced warming of the dark forest (as
compared to other vegetation) results in an elevated sensible heat
flux. Northward movement of the boreal forest, with its relatively
low albedo and the resulting replacement of higher albedo tundra,
can cause a significant increase in regional and global temperatures (Foley et al. 2003). This climate forcing could have an effect
of 25.9 W per m2 (Chapin et al. 2005). Such a shift could also
increase carbon storage by the same magnitude (Field et al. 2007).
For the whole of the Eurasian continent, Kicklighter et al.
(2014) projected that biomes will shift northward as a consequence
of climate change, with boreal forest encroaching into the northern tundra zone, temperate forests encroaching into the present
boreal zone, and steppes encroaching into temperate forests. In
a 4°C world, this would result in a reduction in the boreal forest
area of 19 percent and an increase in the temperate forest area of
258 percent; in a 1.5°C world, boreal forest area would decrease
by 2 percent and temperate forest area increase by 140 percent.
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Figure 5.20: Vegetation distribution in Siberia in 2080 from HadCM3 A1FI (leading to a 4°C world) and B1 (leading to a 3°C world)
climate change scenarios.

Simulated hotspots of forest-to-steppe change (1—yellow), tundra-to-forest change (3—green), and no change in major vegetation classes (2—light gray;
0—water) in 2080. Source: Tchebakova et al. (2009).

This would lead to a 7 percent net gain in forest in a 4°C world,
and a 12 percent gain in a 1.5°C world (Kicklighter et al. 2014).
Several studies using a bioclimatic model also suggest that
vegetation zones will shift northward under climate change
(Tchebakova et al. 2009, 2011; Tchebakova and Parfenova 2012).
Tchebakova et al. (2009) showed that, for Siberia, changes in
vegetation will start as early as the 2020s under all climate change
scenarios. Vegetation shifts are projected to remain moderate in
a 3°C world, but are expected to be substantial in a 4°C world
(see Figure 5.20). Forest-steppe and steppe ecosystems are even
predicted to become dominant across large areas of the Siberian
tundra (Schaphoff et al. 2006; Tchebakova et al. 2009).
Study results from eastern Eurasia suggest that only a small
range of climate change (with warming of no more than 2°C) is
tolerable in order to maintain current forest structure and biomass,
(Shuman et al. 2011; Tchebakova et al. 2009; Zhang et al. 2009b,
2011). Above this level of warming, potential changes include
permafrost-thaw and changes in forest structure whereby broadleaved deciduous trees could increase their spread over Eastern
Eurasia and coniferous area could decrease (Lucht et al. 2006;
Schaphoff et al. 2013; Zhang et al. 2009b). In a study of larch
forests in the region, Zhang et al. (2011a) found that such forests
could not be sustained under warming of more than 2°C.
For a forest area in the Kostroma region 450 km northeast
of Moscow, Shanin et al. (2011) projected an increase in carbon
stock in trees from 125 tons per ha to 150 tons per ha in a 4°C
world; this implies strong regional warming of 7.2°C by 2100. The
productivity of the stands was projected to increase as well due
to the enhanced availability of nitrogen in the soil. However, soil
and deadwood carbon stocks were projected to decrease under
this climate change scenario (98–99 tons per ha without climate
change vs. 33–35 tons per ha with climate change). It is important

to note that several key climate change effects, including heat
stress and CO2 fertilization, were not considered in this study.
Furthermore, in those simulations that included the effect of fire,
the climate-change-induced increase in carbon stock was offset
by higher intensity fires (Shanin et al. 2011).
Permafrost is projected to be highly vulnerable to warming,
and thawing is projected to be very pronounced (Koven et al. 2011;
Schaefer et al. 2011; Schaphoff et al. 2013)—but how exactly carbon
stocks will be affected is still uncertain. Koven et al. (2011) and
Schaphoff et al. (2013) stressed that enhanced plant productivity
could increase biomass input at different soil depths which can
balance out carbon release due to permafrost thawing until the
late 21st century. This depends strongly, however, on the warming level. Schaefer et al. (2011) estimated a carbon stock loss of
190± PgC by 2200. Anisimov (2007) estimated that methane emissions from melting permafrost might increase by 20–30 percent
with a global mean temperature rise of 2°C, congruent with an
enhanced permafrost thawing rate of 10–15 percent over Russia
for the mid-21st century. These fluxes mostly originate in the West
Siberian wetlands.
Anisimov and Reneva (2006) highlighted the risk to engineered
structures in regions affected by permafrost thawing. They projected a reduction in the permafrost area, down to 76–81 percent
of the present day value by 2080. Furthermore, Schaphoff et al.
(2013) and Schaefer et al. (2011) showed that, due to inertia in
the climate system, carbon release from permafrost thawing will
continue even if warming ceases.
Projections of carbon stock changes in the boreal forest ecosystems under climate change are generally uncertain. Simulations
show that, as a result of vegetation shifts, the potential carbon
gains from the expansion of boreal forests in the north are likely
to be offset by losses in the south (Friend et al. 2014; Schaphoff
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et al. 2013). Furthermore, increases in tree growth from climate
warming may be limited by decreased soil fertility in northern
and eastern regions (Lawrence et al. 2005). In addition, model
projections of forest ecosystem change in response to anthropogenic climate changes are dominated by plant physiological CO2
effects (Friend et al. 2014). Moreover, the stability of ecosystems
in response to such extreme events as flooding and drought is
unpredictable (Bale et al. 2002). The interplay of disturbances
(e.g. fire) and vegetation shifts, as well as the effects of climatic
feedbacks, determine the future of the carbon stored in and the
goods and services provided by boreal forests.

5.4.6.6 Future Impacts on Timber Harvesting
The FAO Forest Sector Outlook Study (FAO 2012b) does not project
any radical changes in Russian forests in the next 10–20 years due
to climate change, but does highlight the potential for substantial
impacts beyond 2030. Lutz et al. (2013b) used a forest gap model
to project that, under local warming of 2°C in 2100, larch and pine
forests are expected to have higher productivity and subsequent
timber harvests than under the baseline climate scenario. When
changing from a 2°C to a 4°C local warming scenario, however,
productivity levels compared to the baseline were mostly negative
(with the exception of larch forests in central Russia). Modeled
spruce and fir forests showed small or negative responses to 2°C
local warming; their response to 4°C local warming was consistently
negative. The deciduous and more species-rich forests of the kind
found in northwestern and far eastern Russia showed a projected
decrease in productivity under 2°C local warming and increasing
productivity and harvests under 4°C. This counterintuitive response
pattern was induced by changes in the dominant species toward
more heat tolerant species and constitutes a substantial shift in
forest composition and forest resources. The analysis of Lutz et
al. (2013b) also showed that although harvests are still profitable
under 4°C local warming, this is partly due to an increased harvest
in the first 50 simulation years (2010–2060) that compensates for
strong declines thereafter. Moreover, the study did not include
the effects of disturbances (e.g., insects or fire). The exclusion
of fire may explain the somewhat contradictory results regarding
increasing larch productivity (Lutz et al. 2013b) and decreasing
larch productivity (Zhang et al. 2011a).

5.4.6.7 Projections of Disturbances
Due to a lack of studies exploring the correlation between climate
change and forest pests and diseases, this section focuses on the
future risk from fire. In general, higher temperatures lead to drier
fuels and hence higher fire risk (Flannigan et al. 2009). Stocks
et al. (1998) projected an earlier start to and later end of the fire
season as well as larger areas affected by higher fire danger in a
doubled CO2 scenario with 4 GCMs. Similarly, Malevsky-Malevich
et al. (2008) found that the area of maximum fire risk doubles
by the middle of the century and that the number of days with

moderate to high fire risk increases by up to 12 days in a 3°C
world. Mokhov et al. (2006) projected that, under the B2 scenario
(implying a moderate global warming), fire hazard will increase
in the southern latitudes and the northwestern areas of European
Russia and decrease in much of the rest of Russia. The decrease
in fire hazard in their projections can be explained by increasing
precipitation and minor summer warming in the climate model
and scenario used; the increasing fire risk is associated with
precipitation decreases.
It is important to note that these studies are based on an
analysis of climatic data only and do not consider current or
future forest composition and structure nor interacting disturbance
regimes. Shvidenko and Schepaschenko (2013) argued that a more
thorough integration of such factors might show that Russian forest cover changes even more strongly. Tchebakova et al. (2009)
projected an increase of an average of 10 days and 20–30 days
in the annual number of high fire danger days in a 3°C and 4°C
world, respectively (see Figure 5.21). They explicitly considered
fire risk within a bioclimatic vegetation model and showed that
climate-change-induced forest-to-steppe transitions interact with
fire activity and promote the risks of large fires, especially in
southern Siberia and Central Yakutia.

5.4.6.8 Risk of a Boreal Forest Tipping Point
Lenton et al. (2008) identified the boreal forest as a tipping element
in the Earth system. They argued that, under an estimated 3–5°C
of global warming, water and peak summer heat stress leading
to tree mortality, to increased vulnerability to diseases and fire,
and to decreased reproduction rates could lead to a large-scale
forest dieback and a transition to open woodlands or grasslands.
Analyzing satellite data, Scheffer et al. (2012) suggested that the
only possible ecosystem state at the northern edge and at the
dry continental southern edge are treeless tundra and steppe.
Their study also found a broad intermediate temperature range
where treeless ecosystems states coexist with boreal forest (about
75 percent tree cover). Tree covers of 10 percent, 30 percent, and
60 percent are relatively rare. Scheffer et al. (2012) therefore suggest that these may represent unstable states. Such sparse tree
cover occurs especially in continental permafrost-affected areas
and on saturated soils. Scheffer et al. (2012) suggest that boreal
forest may be less resilient than assumed (and thus potentially shift
into a sparse woodland or treeless state) while tundra may shift
abruptly to a more abundant tree cover state. The mechanisms
which could explain such unstable states are not clear, however,
and uncertainty surrounding these findings is high.

5.4.6.9 Synthesis
Russia’s forests cover a large area and provide important ecosystem
services. Besides supplying timber, they store huge amounts of
carbon in soil and vegetation. The evidence for a tipping point of the
boreal forest is unclear; already, however, under current conditions
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Figure 5.21: Modeled distributions of annual number of high fire danger days across Siberia in the current climate (a) and during
the 21st century (b) for HadCM3 A1FI and B1 climate change scenarios.

Fire danger days key: 0—non-forest area; 1—<30 days; 2—40 days; 3—50 days; 4—60 days; 5—70 days; 6—80 days; 7—90 days; 8—100 days; 9—110
days; 10—120 days; and 11—>120 days. Source: Tchebakova et al. (2009), Figure 4.

the impacts of disturbances such as fire and pest outbreaks are
substantial—and projected climate change impacts could be both
large-scale and disastrous. Future projections highlight changes
in productivity, vegetation distribution, and composition that will
typically be stronger in a 4°C world than in a 2°C world—often
in non-linear ways.
It is important to also highlight that change in species composition toward better adapted tree species may buffer productivity
losses, although they will also lead to a strong change in the forest
landscape and associated uses. Projected climate change may also
induce an increase in fire danger and fire intensity. Defoliators
and other pests and diseases could be stimulated by a warmer
and drier climate.

Transition zones, from forest to steppe, are very vulnerable
to climate change; in particular, increases in atmospheric water
demand could lead to water stress and higher tree mortality.
Increased occurrences of disturbances could also affect vegetation
distribution in transition zones.
The impacts of climate change are often overlaid with other
environmental and societal changes; this could exacerbate both
existing and projected challenges. These changes may strongly
affect local, regional, and global forest resource availability, ecosystem functioning, services such as carbon storage and biodiversity
support, and even feedback on the global climate system.
Russia also contains an extensive area of forested permafrost. Changes here are already among the largest and they could
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accelerate as a result of permafrost thawing. This has the potential
to affect the hydrological regimes of vast territories beyond the
changes in hydrology expected from precipitation changes alone,
and could affect critical carbon, water, and energy fluxes. Forest
dieback and thawing of permafrost threaten to amplify global
warming as stored carbon and methane are released into the
atmosphere, giving rise to a self-amplifying feedback loop.
Finally, it is important to note that substantial research gaps
exist, including the effect of disturbances on vegetation cover
and how climate change will affect forest productivity under
concomitant changes in growing conditions, disturbances, and
forest management practices.

5.5 Regional Development Narratives
The report covers 12 countries located in the Europe and Central
Asia region (ECA) that split into three sub-regions: Central Asia,
Western Balkans, and Russia. The negative consequences for key
development trends that may be triggered from such exposure
to climatic changes that are described in the following development narratives. It is important to note that each development
narratives presents only one of the many possible ways in which
climate change can put key development trajectories at risk.
Table 5.7 summarizes the key climate change impacts under
different warming levels in the Europe and Central Asia region
and Figure 5.22 summarizes the key sub-regional impacts.

5.5.1 Impacts on Water Resources in Central
Asia Increase the Challenge of Accommodating
Competing Water Demands for Agricultural
Production and Hydropower Generation
The scientific basis for observed climate changes and their impacts
in Central Asia is overall weak or lacking (Hijioka et al. 2014).
However, as mentioned in Section 5.4.1, sub-regionally pronounced
winter warming has been observed for Southern Siberia and the
Tien Shan mountains, concurrent with glacier volume change by
about a third from the beginning of the 20th century.
Five Central Asian countries (Kazakhstan, Kyrgyz Republic,
Tajikistan, Turkmenistan, and Uzbekistan) are particularly vulnerable to climate change compared to the other ECA countries (Fay
et al. 2010). They face common climate challenges that affect such
key resources and sectors as water, land, biodiversity and ecosystems, agriculture, energy, and health. Water resource systems in
Central Asia are sensitive to climate change and variability, and
climate impacts on water supplies will reverberate across the agricultural and energy sectors. Increasing temperatures are expected
to increase both crop water requirements and evaporation and to

reduce hydro-system storage through changes in snowpack, earlier
snow melt, and glacial melt.
Expected glacier loss and reductions in snow pack pose serious
threats to freshwater resources, which rely on water storage in ice
and snow. Critically, as ice and snow melt earlier during the year
due to rising temperatures, the timing of river flow is projected to
shift within the next few decades. Peak flows are expected to shift
from summer to spring, with adverse consequences for agricultural
water demand during critical crop growing periods. Furthermore,
an intensification of the runoff variability is expected in all river
basins, increasing the risk of floods, mudslides, and droughts (Main
Administration of Hydrometeorology 2009). These events already
have considerable social impacts—for example, economic losses
from individual mudslide events have been as high as $150 million, while over 7000 people have migrated from landslide zones
in Kyrgyz Republic alone since 1992. Flooding in Tajikistan in 2005
led to notable reductions in agricultural production (e.g., 70 percent
reductions in grain production and 95 percent reduction in grape
production) with 71 percent of affected people stating that they
had experienced a loss in income (Thurman 2011).
The impacts on water resources are distinctly different for
the next few decades compared to the end of the century. In the
coming decades, the contribution of melt water to river runoff is
expected to increase and may lead to an increase in river runoff—
increasingly high evaporation rates, however, are expected to
counterbalance this effect (Davletkeldiev et al. 2009). By 2030,
river runoff is expected either to remain unchanged or to increase
slightly, even in the case of slightly higher precipitation rates (Main
Administration of Hydrometeorology 2009). The picture changes
in the second half of the century: by the end of the 21st century,
runoff generation rates in the mountainous areas of Central Asia
are likely to decline substantially (Main Administration of Hydrometeorology 2009).
Changes to natural water stocks are expected to severely
affect irrigated agriculture. This impact will be compounded
under conditions that further increase the water demands of
crop production systems, as rising temperatures are expected to
lead to an around 30 percent increase in potential evapotranspiration (see Section 5.3.5, Aridity). Increasing temperatures and
water demand also affect rain-fed agriculture, which accounts
for more than 90 percent of arable land in Kazakhstan (FAOAQUASTAT 2012).
Uncertainties in precipitation projections translate into an
uncertain future for rain-fed crop production in the region. Further, prolonged periods of above-average temperatures and heat
extremes exacerbate the heat stress of agricultural crops, leading to
decreased plant productivity and high climatic risks for the sector
(Mannig et al. 2013; Teixeira et al. 2013). Such risks may limit a
projected increase in agricultural areas or crop yields. In addition,
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rising temperatures and seasonally reduced water availability puts
pressure on livestock directly and indirectly through limiting the
regeneration potential of pastures.
Losses in agricultural productivity and employment opportunities would add pressure to the labor markets and challenge
poverty reduction for affected population groups. They could
further stimulate increased migration from affected areas to those
with stronger economies, potentially following already established
migration routes, such as from poorer areas of Central Asia to
Russia, more locally to cities with better job opportunities (IOM
2011). Groups unable to migrate (older people, people with disabilities, in some cultural contexts, such as parts of Central Asia,
women), are at greater risk of being trapped in poverty (Black et al.
2011) particularly if remittance flows are limited or unpredictable.
Further, decreased levels of agricultural production as well as
lower levels of certainty over future yields are likely to contribute
to an increase in food prices. Rising food prices may have severe
effects on the Central Asian population since a large percentage
of household income is spent on food; up to 80 percent in Uzbekistan and Tajikistan, and 58 percent in the Kyrgyz Republic (Bravi
and Solbrandt, 2012). In addition, agricultural impacts in other
large, food-producing regions, including Russia, can have negative
repercussions on the Central Asian region as some countries (e.g.,
Tajikistan, Kyrgyz Republic, Uzbekistan, and Turkmenistan) are
largely dependent on food imports and are exposed to fluctuations
in food prices (Meyers et al. 2012; Peyrouse 2013).
A further risk to development stems from the energy sector,
which relies on stable water supplies. Despite an expected decrease
in heating loads during the winter (WorleyParsons 2012), overall
energy demand is projected to rise together with population and
economic growth (World Bank 2013s). Changes in climate, reduced
snow accumulation, and accelerated melting of snow and glaciers
increase uncertainty in the timing and amount of water available
for power generation. Tajikistan and the Kyrgyz Republic, which
are located upstream of the Syr Darya and Amu Darya, respectively, produce 98.8 percent and 93.3 percent of the total electricity
consumed from hydropower (World Bank 2013p). Hydroelectricity
can also play a major role in the future energy mix of the Central
Asian countries, as only eight percent of the hydropower potential
of the region has been developed (Granit et al. 2010).
Climate change impacts will result in high variability of inflows
and a shift in the historical water flow patterns. Upstream countries
would have to manage the impact of this change in their hydropower
generation systems, which is the back bone of their electricity sector. The downstream countries would see increased demand from
both the agriculture and energy generation sectors. Efficiency in
water use for irrigation and for energy generation would be critical
for managing this impact. Energy efficiency measures would help
reduce growth in water demand for energy generation.

There are many opportunities to improve climate resilience
in the region. Strengthening capacity and responsiveness of local
and national disaster risk management institutions in the region
could significantly boost resilience to rapid-onset effects of climate
change, such as those related to more rapid spring snow-melt
(UNISDR 2009). Upgrading of worn-out infrastructure and more
effective poverty reduction and social protection are also priorities (Thurman 2011).
There is also room to improve water-saving irrigation techniques in the region. Approximately 87 percent of the region’s
extracted water is used in agriculture (FAO-AQUASTAT 2012), and
in many Central Asian countries the water irrigation systems are
inefficient. In Uzbekistan, for example, 70 percent of the irrigation water is lost between the river and the crop (Rakhmatullaev
et al. 2012). Changes in reservoir management and the need to
meet water requirements for agriculture can also have a negative
impact on energy availability over the summer months (Siegfried
et al. 2012).

5.5.2 Climate Extremes in the Western Balkans
Pose Major Risks to Agricultural Systems,
Energy and Human Health
For the Western Balkans, a pronounced drying trend is projected,
concurrent with strongly rising temperatures and prevalence of
heat extremes. Such changes pose high risks to agricultural productivity in the region. The majority of arable land in the Western
Balkans is rain-fed and, therefore, highly vulnerable to changes in
climatic conditions (UNDP 2014). In the Former Yugoslav Republic
of Macedonia, 90 percent of the agricultural area is rain-fed; in
Albania, irrigation agriculture is practiced on roughly 50 percent of
arable land (World Bank 2010b, 2011c). The share of the working
population of the Western Balkans that is employed in agriculture varies from 18 to 58 percent depending on the country, and
agriculture is directly responsible for 17 percent of the region’s
GDP (Hughes 2012). Cereals and fruits (predominantly grapes) are
the most important agricultural products in terms of production
area and economic output, with Serbia being the biggest producer
(Mizik 2010; Volk 2010).
The region is highly vulnerable to the effects of droughts,
as the 2012 drought in Serbia illustrates. It led to yield declines
of up to 50 percent and severe economic losses (Maslac 2012).
Such events need to be expected to occur more often under
climate change and absent preventive adaptation. In addition,
pasture yields and grassland ecosystems for livestock grazing
are expected to decline and change for large parts of Eastern
Europe and the Western Balkans (Sutton et al. 2013a, b, c). Feed
quality could also be negatively affected by changing climate
conditions (Miraglia et al. 2009). Declines in fodder production
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Figure 5.22: Sub-regional risks for development for Europe and Central Asia at 4°C warming in 2100 compared to pre-industrial
temperatures.
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Data sources: Center for International Earth Science Information Network, Columbia University; United Nations Food and Agriculture Programme; and Centro Internacional
de Agricultura Tropical—(2005). Gridded Population of the World, Version 3 (GPWv3): Population Count Grid. Palisades, NY: NASA Socioeconomic Data and Applications
Center (SEDAC). This map was reproduced by the Map Design Unit of The World Bank. The boundaries, colors, denominations and any other information shown on this
map do not imply, on the part of The World Bank Group, any judgment on the legal status of any territory, or any endorsement or acceptance of such boundaries.

could impact feed prices and potentially lead to greater price
volatility (World Bank 2010b).
At the same time high vulnerability to flooding events exists.
Despite large uncertainties about future precipitation extremes
in the region high risks of riverine flooding are expected mostly
due to more intense snow melt. The flood of 2014 illustrated the
region’s vulnerability to such events. The torrential rains led to
floods and landslides, killing 51 people and rendering over 31,000
people temporarily homeless. According to health officials, the

risk of disease outbreaks following the event was particularly
high in overcrowded refugee centers and as people returned to
their homes too early (Holt 2014). This flood came against the
backdrop of slow-onset risks to human health as climatic conditions become increasingly suitable for vectors transmitting such
diseases as dengue fever (Caminade et al. 2012). Flooding also
poses high risks to agriculture, as evidenced by a 2010 event that
caused damages of $450 million in Albania, Bosnia and Herzegovina, and FYR Macedonia (Hughes 2012).
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A joint assessment report on the social impacts of the 2014
Floods in Serbia by the United Nations, World Bank and EU suggests that about 51,800 jobs were temporarily lost because of
interruption of productive activities in the affected municipalities.
Overall, the floods were estimated to reduce economic growth by
0.5 percent and to lead to a decrease in the balance of payments
equivalent to 1 percent of GDP, with a further 1 percent loss related
to lower tax revenue and post-disaster expenditure. Furthermore,
the floods are estimated to have pushed 125,000 people below the
poverty line, an increase of nearly 7 percent over the number of
people living in poverty in 2013. This increase comprised not only
people living close to the poverty line, but also a much betteroff group that lost its productive capital as a result of the floods.
The most affected people were typically those who faced specific
challenges before the floods, such as access to employment, low
security of tenure, and limited social support networks. About
12 percent of the 1.6 million people affected by the floods were
in groups considered particularly vulnerable, such as Roma and
people with disabilities. Many women were also doubly affected: in
addition to sustaining livelihood losses, they have had to increase
the non-paid time they devote to take care of their family (United
Nations Serbia et al. 2014).
The 2014 flooding also led to a reported 40 percent cut in
Serbia’s electricity production and disrupted power supplies
(Sito-Sucic 2014); this highlights the energy sector’s vulnerability
to climate impacts and extreme events. Changes in river water
temperature and river flows can also impact on thermal electricity
production and reduce the capacity of nuclear and fossil-fuelled
power plants through changes in cooling water. Critically, reductions would be concurrent with an increase in energy-intensive
cooling demand, which is projected to increase by 49 percent
(Isaac and van Vuuren 2009).

5.5.3 Responses of Permafrost and the Boreal
Forests of the Russian Federation to Climate
Change Have Consequences for Timber
Productivity and Global Carbon Stocks
Russia has the largest forest area in the world, representing
20 percent of the global forest area (FAO 2012b). Its forests store
enormous amounts of carbon and deliver important ecosystem
services, including through timber production. These services
may be compromised or even lost under high levels of warming.
There is a risk that the boreal forest may cross a tipping point
and shift to an alternative state (e.g., steppe grasslands) (Lenton
et al. 2008; Scheffer et al. 2012). Moreover, the effects of biome
shifts and damages from forest fires would not be confined to
the region itself. Changes to carbon fluxes in response to rising

temperatures and changing precipitation patterns, as well as
interactions with disturbance regimes, would have far-reaching
repercussions affecting the global carbon stock and planetary
albedo across large parts of the northern hemisphere.
The boreal permafrost zones are a further potentially large
source of greenhouse gases. Already, today, large formerly undisturbed permafrost zones are affected by thawing due to current
warming (Romanovsky et al. 2010), leading to some subsidence of
housing, disruption of infrastructure and affecting the livelihoods
of indigenous minorities living in the Russian Arctic (Crate 2013).
Future thawing is projected to be very pronounced.
Russian forests contributed 1.3 percent of GDP and 3.7 percent of industrial production in 2010 (FAO 2012b). The forestry
sector employs one percent of Russia’s population and produces
2.4 percent of export revenues (FAO 2012b). In 2010, 32 million
m³ of wood raw material was used for biofuels, and that number
is expected to double by 2030 (FAO 2012b). Under future climate
change the productivity of those forests might be at risk.
Climate projections for Russia show above-average temperature rise and an overall increase in annual precipitation. While
fire outbreaks are often currently caused by anthropogenic factors
rather than climate change, the risk of fire increases as higher temperatures increase the biomass potential of burning as it becomes
drier (Flannigan et al. 2009). In the future, much larger areas will
be exposed to forest fires (Stocks et al. 1998). The risk of fire is
further enhanced by projected changes in vegetation distribution.
If exposed to continuous water stress, the forest at lower latitudes
may give way to steppe ecosystems if the CO2 fertilization effect
does not sufficiently compensate for this stress through enhanced
efficiency of water use. This would likely promote larger fires,
particularly in southern Siberia and Central Yakutia (Tchebakova
et al. 2009).
While slow-onset changes in mean temperature and average precipitation will ultimately affect the broad patterns of
future species distribution, the impacts of climate variability in
terms of extremes is an important driver of tree responses and
vulnerability to climate change (Reyer et al. 2013). Even under
increased annual average precipitation, an increase in heat
extremes may lead to strong ecosystem responses. Heat-stressed
trees, for example, may be more susceptible to pest outbreaks.
Such increased vulnerability would, in turn, interact with an
expected but understudied expansion of areas at risk of pest
outbreaks (Bale et al. 2002). In combination, these stressors could
lead to increasing risks for neighboring forest stands or even a
threshold behavior whereby ecosystems shift into an alternate
state (Lenton et al. 2008).
Different responses and vulnerabilities of tree species to climate change could result in altered forest compositions. There are
indications, however, that the largest effects on forest composition
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and fragmentation are due to timber harvesting (Gustafson et al.
2010). In line with this, Isaev and Korovin (2014) highlighted that
the large 2010 forest fire was due not only to unusual meteorological conditions but also to poor forest governance and management—and to an increasing area of abandoned farmlands leading
to declining numbers of forest managers, firefighters, and overall
less efficient forest protection systems. Similarly, Flannigan et al.
(2009) highlighted that, since the breakdown of the Soviet system,
the effectiveness of the Russian firefighting system has decreased;
this has led to larger areas being burned. Similarly, a weakening
of regulatory capacities has facilitated illegal and unsustainable
logging practices (Vandergert and Newell 2003) that are likely to
undermine the forest’s resilience to climatic stresses. For example,
if logging is done in an unsustainable manner and high amounts
of dead or damaged trees are left in the forest, decaying trees may
trigger pest outbreaks and increase the risk of forest fires. Such
negative ecosystem impacts might also undermine the livelihoods
of groups dependent on the forest for timber and non-wood forest
products (e.g. berries, mushrooms, medicinal plants), traditional
agriculture and hunting (FAO, 2014d). It is thus the interaction of
climate changes, disturbances, and unsustainable forest management and governance that will drive the vulnerability of forests,
and people whose lives and livelihoods depend on them, to
climate-change-related stresses.

Climate-related effects on forest productivity can lead to both
an increase and a decrease in productivity. For now, it remains
uncertain at what CO2 concentration and temperature increase
a reversal from sink to source would occur. However, if such a
reversal were to occur it would affect the global carbon budget
and thereby regions well beyond Russia itself.
The sustainable and farsighted management of Russian ecosystems is of global importance. If pushed beyond tolerance limits
and into positive feedback mechanisms with regional and global
warming, major carbon and methane stocks in the boreal forests and
permafrost zones may be released into the atmosphere. Critically,
carbon release would continue even if warming ceased (Schaefer
et al. 2011; Schaphoff et al. 2013). Even without such threshold
effects, southern boreal carbon loss as a result of ecosystem shifts
is likely to offset carbon gains from potential northern boreal forest expansion (Friend et al. 2014; Schaphoff et al. 2013). Given
the large uncertainties in the overall response of Russian forests
to effects such as future pest outbreaks and heat stress, management practices need to be deployed that foster the resilience of
forests in order both to minimize the risks for those who depend
on them and to support global climate protection.
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Aridity

Drought

Precipitation

Heat Extremes

RISK/IMPACT

60% increase in aridity
10–40% decrease in
aridity

Western
Balkans
Russian
Federation

20–30% precipitation
increase
Return period of
maximum 1995
precipitation:
10–15 years, and
7–10 years for East
Siberia1

Uncertain

Drought duration
(CDD) in the Balkans:
1–5 days2

Return period of
maximum 1995
precipitation:
10–15 years1

Central Asia

Russian
Federation

Drought duration
(CDD) in the Balkans:
5–10 days2

20–60% decrease in aridity

Uncertain in the northern parts,
up to 60% increase in the West
and up to 60% decrease in
aridity in the East

20% more drought days for the
Balkans, uncertain for Central
Asia and Central and Eastern
Russia3
Drought duration (CDD) in the
Balkans: 5–15 days2

20–60% increase
Return period of maximum
1995 precipitation: 5–7 years
for Eastern Russia, 7–10 years
for Central Russia and less
than 5 years for Central and
Eastern Siberia1

20–30% decrease

Uncertain

55% of land area

Western
Balkans

10% of land area

85% of land area

AROUND 4°C
AND ABOVE
(≈2080s)

10% decrease to 10% increase
(west to east)

Almost absent

50% of land area

AROUND 3.0°C
(≈2060s)

20% increase

Absent

Absent

Unprecedented
Heat Extremes

15% of land area

AROUND 2.0°C
(≈2040s)

Central Asia

10% of land area
Hotspot in the
Balkans

AROUND 1.5°C
(≈2030s)

5% of land area

AROUND 1°C
(≈2010s)

Highly Unusual
Heat Extremes

OBSERVED
VULNERABILITY
OR CHANGE

Table 5.7: Synthesis table of climate change impacts in ECA under different warming levels. The impacts reported in several impact studies were classified into
different warming levels (see Appendix for details).

5.6 Synthesis Table—Europe Central Asia
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Crop Growing Areas and Food
Production

Groundwater
Recharge

Desertification affecting 66%
of Kazakhstan19
Severe droughts in
2000/2001 leading to
112,600 ha of cereal loss
in Tajikistan and $50 million
loss in Uzbekistan20
$2 billion lost as a
consequence of 2012
drought in Serbia21

Zerafshan river: shift from
summer to spring and
winter11
The Aral Sea volume
decrease due to
climate change without
anthropogenic water
abstractions was ~13.7%
between 1958–200212
Strong river runoff
reduction of natural rivers
of the Balkans, Sava, and
Danube13

Water
Availability

Runoff

11% Central Asian volume
loss between 1980 and
2011, 3–14% reduction in
area since 1960s4
35.5% of glacier volume
loss in Central Asia between
1901–20005

OBSERVED
VULNERABILITY
OR CHANGE

Glaciers

RISK/IMPACT

Table 5.7: Continued.
AROUND 1°C
(≈2010s)
Balkan glaciers
melting within
decades6
31% (50 Gt = 56 km3
of ice) of Tien Shan
glaciers melting7

AROUND 1.5°C
(≈2030s)

10–15% reduced
runoff in the Amu
Daraya River, putting
pressure on the
irrigation systems
and crop production;
increased degradation
of soils22
Water deficits during
the vegetation period
in the Fergana Valley7

In Syr Darya basin,
shifts of 30–60 days
from the current
spring/early summer
toward a late winter/
early spring runoff
regime7
5m Issyk-Kul lake level
decrease14
15–45% reduction in
water resources15

About 50% (31–
66 percent) of Central
Asian glacier volume
loss5
31% mass loss in
Syr Darya basin7
41% drop in the
annual runoff per year8

AROUND 2.0°C
(≈2040s)

Slight increase
in groundwater
recharge in Central
Asia18

Increased spring
and summer runoff
in Central Asia; shift
of peak flow from
July to June; 25%
discharge reduction
in July and August
Hagg et al. (2013).

54–57% of Central
Asian glacier volume
loss 9

AROUND 3.0°C
(≈2060s)

Increased desertification
threatening wheat production in
Kazakhstan7
Increased aridity and
desertification in Kyrgyz
Republic affecting up to 49% of
the country’s territory23

Very significant decline of runoff
formation in the mountainous
areas of Central Asia16
15 m Issyk-Kul lake level
decrease14
up to 40% runoff decrease in
Albania17
45–75% of increased water
discharge in Northeastern
Russia; 15% increased in
central Siberia15
More than 45% decrease
in annual discharge in the
Western Balkans15

50–78% of glacial volume
shrinkage in Central Asia10

AROUND 4°C
AND ABOVE
(≈2080s)
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Yields

RISK/IMPACT

Very high concentrations of
aflatoxin concentration in
maize as a result of 2012
drought in Serbia29

Maize

Cotton

50% yield declines following
drought in 2012 in Serbia21
70% yield declines following
drought in 2012 in Bosnia
and Herzegovina24

All Crops

OBSERVED
VULNERABILITY
OR CHANGE
AROUND 1°C
(≈2010s)

0 to 6% decrease in
Uzbekistan26,30

Up to 13%
yield decline in
Uzbekistan; in
eastern parts of the
country yield increase
up to 13% possible25
Higher productivity of
alfalfa and grasslands
in Uzbekistan26

AROUND 1.5°C
(≈2030s)

Up to 19% reduced
yields in Uzbekistan26

Up to 50% percent
yield declines in
Mediterranean and
Continental parts of
Macedonia, FYR25
Up to 11% reduced
yields Albania26

20–50% yield loss
in Uzbekistan due
to heat and water
stress26
10–25% lower yields
in Uzbekistan due to
decreasing runoff in
the Syr Daraya River
and increased water
use competition27
Up to 21% reduced
yields of olives and
20% reduced yields
of grapes in Albania;
up to 69% reduced
yield in grapes and
up to 56% reduced
yield in vegetables in
Macedonia, FYR, up
to 50% percent yield
declines for wheat in
Mediterranean and
Continental parts of
Macedonia25

AROUND 2.0°C
(≈2040s)
20% yield loss of
rain-fed grapes and
olives in Albania25

AROUND 3.0°C
(≈2060s)

30% yield drops in some parts
of Tajikistan28

AROUND 4°C
AND ABOVE
(≈2080s)
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Energy

Human Health

Livestock

RISK/IMPACT
Wheat

Table 5.7: Continued.
OBSERVED
VULNERABILITY
OR CHANGE
AROUND 2.0°C
(≈2040s)

Most of the Balkans
become suitable
for Aedes aegypti
dengue-transmitting
mosquito35

Up to 28% reduced
yields in spring wheat
in Uzbekistan33

2.58% increase
in capacity for
hydropower
generation in Central
Asia38

Increased vulnerability
of the Balkans
to dengue and
chikungunya35

14–33% increase
of Bacillis anthracis
habitat34

Up to 57% reduced
yields in spring
wheat and up to
43% reduced yields
in winter wheat in
Uzbekistan33
Up to 24% yield
increase in Albania33

12% average wheat yield increase31

AROUND 1.5°C
(≈2030s)

Increase of heatrelated mortality rates
to 1,000 per million;
very slight decline
in cold-related
mortality36
Tenfold increase
in risk of mudflow
occurrences in
Kazakhstan37

Kazakhstan a major
hotspot of heat
stress affecting
wheat production 32

AROUND 3.0°C
(≈2060s)

AROUND 4°C
AND ABOVE
(≈2080s)

Capacity of nuclear and fossil-fueled power plants could decrease due to changes in river water temperature and in river flows39
Mean number of days during which electricity production is possible drops due to the increase in incidence of droughts and
extreme river low flow39

AROUND 1°C
(≈2010s)
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Tree-line expansion in the
north40
Productivity decline within
interior boreal forests related
to warming-induced drought
stress41

AROUND 1°C
(≈2010s)

AROUND 1.5°C
(≈2030s)
Increase in timber
harvest for larch and
pine42
Decrease in timber
harvest for spruce
and fir42
Methane emissions
from permafrost
thawing in Russia
could increase by
20–30%43

AROUND 2.0°C
(≈2040s)
Moderate change in
vegetation44
10 days increase
in fire risk (50 to 60
days)44

AROUND 3.0°C
(≈2060s)

Russian forest harvests are only
profitable until 2060 under 4°C
warming42
Dramatic changes in
vegetation44
Large decrease in timber
harvest, especially for spruce
and fir; larch forest might
increase productivity42
25t ha-1 in tree carbon (150t
ha-1 vs. 125 t ha-1) more and
~60 t ha-1 less in soils and
deadwood (33–35 t ha-1 vs.
98–99t ha-1) under climate
change; harvest increased by
15% under climate change;
productivity increase nullified by
higher fire damage45
20–30 days increase in fire risk
(60 to 80 days)44
Increasing vulnerability to
diseases, fire, and decreased
reproduction rates that might
lead to large-scale forest
dieback46

AROUND 4°C
AND ABOVE
(≈2080s)

Please note that years indicate the decade during which warming levels are exceeded with a 50 percent or greater change (generally at start of decade) in a business-as-usual scenario (RCP8.5 scenario) and not
in mitigation scenarios limiting warming to these levels, or below (since, in that case, the year of exceeding would always be 2100 or not at all). Exceedance with a likely chance (>66 percent) generally occurs in the
second half of the decade cited. Impacts are given for warming levels irrespective of the timeframe (i.e. if a study gives impacts for 2°C warming in 2100, then the impact is given in the 2°C column). Impacts given in the
observations column do not necessarily form the baseline for future impacts. Impacts for different warming levels may originate from different studies and therefore may be based on different underlying assumptions,
meaning that the impacts are not always fully comparable (e.g., crop yields may decrease more in 3°C than 4°C because underlying the impact at 3°C warming is a study that features very strong precipitation decreases.
Moreover, this report does not systematically review observed impacts. It highlights important observed impacts for current warming but does not conduct any formal process to attribute impacts to climate change.

Boreal Forests

RISK/IMPACT

OBSERVED
VULNERABILITY
OR CHANGE
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