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The year 2007 will certainly remain as a landmark in 

the history of humankind when the problem of finding 

solutions to climate change was finally recognised as 

urgent and vitally important. New facts and events have 

awoken people world-wide and made decision – mak-

ers seriously discuss the problems of climate change. 

First, the extreme meteorological phenomena and un-

precedented natural calamities – such as typhoon “Kat-

rina” which destroyed New Orleans, annual heat waves 

and floods in Europe, India and America – have recently 

become more frequent. Eventually it becomes more 

evitable that those events are not accidental any more. 

Second, scientists have finished series of academic re-

searches on climate change and presented the results 

as clear conclusions. 

It has been firmly proved, with total probability not 

less than 90% that the climate change within last dec-

ades has been caused by anthropogenic increase in 

greenhouse effect. The latter has been conditioned by 

greenhouse gas emissions due to the burning of coal, 

oil and gas and elimination of forests. The global aca-

demic community is convinced that the danger of cli-

mate change is not that much about 1 or 2 degrees C 

of global warming; it is more connected to the fact that 

the weather in different world regions is becoming less 

sustainable and extreme weather events more com-

mon. «Numbers» of average temperature are a relative 

indicator; nevertheless, it is very important to keep them 

within the limits of 2 degrees C taking as a baseline glo-

bal average temperatures by the beginning of XX cen-

tury. According to another conclusion, by the middle of 

this century the volume of greenhouse gas emissions 

should be reduced at least by 2 times.

The main goal of the report is to demonstrate that 

the problem of climate change and its effects is an ad 

hoc problem; it is happening “here and now” and not 

somewhere else at some time in future. Global climate 

change makes it necessary to analyse the situation 

in one country in close connection with situations in 

the neighbouring countries and worldwide. The report 

mainly focuses on the consequences of climate change 

for the environment and people in Russia. However, it 

also considers the situation in neighbouring countries of 

Central Asia, Mongolia and Northern China where the 

climate change and its consequences are expected to 

be so strong that they will inevitably affect Russia. Au-

thors pay special attention to social and economic prob-

lems which may be caused or substantially increased 

by the climate change, uppermost by lack of drinking 

water and the spread of diseases.      

First and most of all, we need to help the most poor 

and vulnerable regions and eco – systems. The im-

pacts of climate change are being badly felt most by 

the poor, seniors and children as well as rare species 

of animals and plants.  If we do not help them on time 

many species will simply disappear while hard living 

conditions will force millions of people to leave their 

homes.

That is why it is not accidental that WWF and Oxfam 

as the largest international organisations dealing with 

protection of environment and social issues of poverty 

and diseases have been actively involved in the process 

of finding solutions to the problem of climate change. 

WWF has launched a special programme on energy. 

In 2007, we developed a report “Solving the climate 

change problem. WWF prospective vision of 2050”. The 

report demonstrates that the humankind can solve this 

problem and avoid catastrophic consequences of cli-

mate change but people must act resolutely and without 

any further delay. Oxfam runs a number of projects aim-

ing at helping people to overcome the consequences of 

climate change. 

WWF Russia and Oxfam are grateful to the team of 

authors who managed to present complicated issues of 

climate change, its causes and effects in an academi-

cally accurate, obvious and clear form. We also would 

like to express our gratitude to a number of friends and 

colleagues who gave us valuable comments and ad-

vices during the process of writing the report – first of 

all, to Dr. V.I. Danilov – Danilyan at Russian Academy 

of Science, Dr. O.D. Sirotenko and Dr. S.M. Semenov 

who generously helped us to prepare this text in Rus-

sian and its English e-version during a limited period 

of time.  

PREFACE

Igor E. Chestin, 

WWF Russia

Nicholas Colloff, 

Oxfam
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The unusual fact of awarding the 2007 Nobel peace 

prize to the Intergovernmental Panel for Climate Change 

(IPCC) consisting of several thousand scientists as well 

as to Albert Gore who popularised the climate change 

issues and made the film on anthropogenic climate 

change may signify two important things. First, the hu-

mankind is facing a new extraordinary problem – global 

anthropogenic climate change; second, it is a challeng-

ing task to demonstrate and convince people that it is 

really so.  It is worth noticing that the prize was awarded 

not for the research in climate change (if so, it would 

be a prize in physics) but for succeeding in making the 

humankind aware of this knowledge. In 2007, IPCC is-

sued Fourth Assessment Report three large volumes of 

which prove irrefutably the reasons of the present day 

climate changes. Climate change of other time periods, 

i.e., tens, hundreds thousand and million years ago, has 

not been neglected; however, the Report pays special 

attention to the causes and consequences of what has 

been happening over the last half of the XX century and 

will be happening in the XXI century1. 

Conclusion of scientists: «It is not less than 90% 

certain that climate changes over the last decades 

have been caused by the anthropogenic increase of 

the greenhouse effect conditioned by greenhouse 

gas emissions and elimination of forests». In order 

to reduce catastrophic consequences of the cli-

mate change by the middle of XXI century the total 

emissions of СО
2
, methane, nitrous oxide and other 

greenhouse gases must be reduced by 2 times.

IPCC, 2007, Fourth Assessment Report, Working Group 1, 2 and 3. www.
ipcc.ch

Climate changes were frequently observed in the 

past. For instance, in the Middle Ages Greenland got 

the name of the “green land”, people of England used to 

cultivate grapes. What is it that makes the recent warm-

ing effect so dangerous? The reason is the unprec-

edented increase of the concentration of СО
2
 and 

methane signifying consequent rise in temperature 

of the earth’s atmosphere. The humankind has never 

experienced such gas concentration. As for the temper-

1 IPCC, 2007, Fourth Assessment Report, Working Group 1, 2 and 3. 
www.ipcc.ch  

ature, for more than four centuries-old history of direct 

instrumental observations there has never been such 

lasting and strong warming effect embracing all conti-

nents and oceans2. 

The greenhouse effect was known long time ago3. 

The sun heats the earth while half of sun rays are ab-

sorbed by the earth’s surface, 20% – by the atmos-

phere, 30% – reflected to the outer space. The heated 

earth’s surface is radiating heat (infra-red) rays most 

of which are absorbed by the atmosphere, the absorb-

ing intensity directly depending on the concentration of 

greenhouse gases (water steam, СО
2
, methane etc.) in 

the atmosphere. Thus, the increase of gas concentra-

tion intensifies the greenhouse effect playing a role of a 

“polyethylene cover”.     

As early as in 1827, this phenomenon was described 

by the French scientist Fourier. In the end of XIX century 

the Swedish scientist Arrhenius came to a conclusion 

that the concentration of СО
2
 in the atmosphere was 

changed because of the burning of coal which might 

cause the climate warming. The year 1957 was pro-

claimed the International Year of Geophysics; at that 

time observations showed that the СО
2 
concentration in 

the atmosphere was rapidly increasing.

2 The data concerning climate change see on the site of World 
Meteorological Organisation www.wmo.ch; United Nations Environment 
Programme (UNEP) www.unep.org; Russian Hydrometeocenter www.
meteoinfo.ru;
3 M.I. Budyko, A.B. Ronov, A.L. Yanshin, History of Atmosphere. – L.: 
Hydrometeoizdat, 1985
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Without greenhouse effect the average surface tem-

perature would be -190С while due to the greenhouse 

effect it was as high as 13,50С in the beginning of XX 

century (now it is 14,20С). The greenhouse effect has 

generally increased by 2% only. The problem is that its 

further strengthening is expected. Changes in the con-

centration of СО
2
 and methane are unequivocally con-

nected with the burning of coal, oil products and gas 

and elimination of forests; all those processes are being 

in progress4.

The drilling and analysis of samples of ice formed 

tens and hundreds thousand years ago, analysis of 

ground deposits etc. demonstrate that the modern cli-

mate is “moving” from one Ice Age to another. This phe-

nomenon is explained by the widely recognised theory 

developed in the first half of the XX century by the Yugo-

slavian scientist Milankovich. The Earth moves around 

the Sun along the slightly ellipsoidal orbit and is “dis-

turbed” by the Moon and other planets of Solar system 

constantly changing their locations towards each other. 

4 IPCC, 2007, Fourth Assessment Report, Working Group 1, 2 and 3. 
www.ipcc.ch  

As a result, the amount of heat going to different latitude 

zones during different seasons is changed thus becom-

ing a sort of a “trigger”.  The more white ice and snow 

are located at the Poles the stronger they reflect the so-

lar radiation leading to the temperature drop, expansion 

of the area covered with ice etc. In terms of the climate 

the present turns to be another interim period between 

two glacier periods having started 9–10 thousand years 

ago. One should take into account that all those proc-

esses are very slow; their impact on climate change is 

much weaker than the anthropogenic increase of the 

greenhouse effect5.

Against this paleoclimate background the anthropo-

genic chemical shock made to the atmosphere (a rather 

short-term effect) is acting in conjunction with a broad 

spectrum of natural reasons. Scientists have examined 

all possible reasons in detail. Some of them, e.g., vol-

cano eruptions, make substantial but short-term impact 

on the climate. 

The direct pollution of the atmosphere by aerosol ele-

ments “dims out” the Earth hence the name “global dim-

5 Ibid

Temperature

Past Thousand years ago Present

Changes in temperature and greenhouse gas concentration over the last 650 thousand years

Grey strips represent the last five warm interim periods.
Changes in temperature are presented according to the secondary data through deuterium concentration.   Changes from -440 to -39000/0 correspond 
to the radiation warming up of the atmosphere by 3 Watt/m2 or approximately by 100С. 
Climate change and trace gases. James Hansen, Makiko Sato, Pushker Kharecha, Gary Russell, David W. Lea and Mark Siddall. Phil. Trans. R. Soc. A 
(2007) 365, 1925–1954.
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ming”. The aerosol elements also have an indirect ef-

fect on the clouds: drops are getting smaller and clouds 

darker, they stay in the atmosphere for a longer time 

period, the Z albedo – reflecting capacity of the Earth’s 

cloud cover – is changing. In terms of quantity absolute-

ly all conceivable effects were considered in the recent 

IPCC report. According to the report, the cooling effect 

is 0,5 Watt/m2 for the direct dimming and 0,7 Watt/m2 for 

the indirect dimming. At the same time the heating effect 

of the increase in concentrations of greenhouse gases 

is 2,6 Watt/m2 with the resulting effect making 1,6  Watt/

m2. The humankind wants to breathe fresh air so people 

undertake a number of measures to reduce the pollution 

effect and harm to people’s health. It means that the 

global dimming will be reduced and stop partially com-

pensating for the global warming; therefore, the general 

effect will be even stronger.  This has already been built 

into the forecasts and is not accepted as a sudden cata-

strophic discovery which would prevent from reducing 

greenhouse gas emissions. The humankind can live 

with both fresh air and good climate. 

The sun radiance was maximal. Now it is decreas-

ing; however, given the effect of the “overheated fry-

ing pan”, which reaches its hottest point by the end, the 

peak of the sun radiance climaxed in the late XX – early 

XXI century6. This effect seems rather substantial from 

quantitative point of view although it is much smaller 

than the increase of greenhouse effect caused by hu-

6 The main astronomic observatory of Russian Academy of Science, 
the head of space research laboratory KHabibullo Abdusamatov  http://
lenta.ru/news/2007/05/30/sun/

man intervention7. The increase of solar radiation has 

resulted in the warming up by 0,06-0,30 Watt/m2 while 

the total effect of anthropogenic factors has been 0,6-

2,4 Watt/m2. Therefore, the expected decrease of sun 

radiance in the nearest future will not significantly affect 

the observed climate change.

Contrary to the information spread by mass media 

the ozone has relatively small effect on the climate. The 

“ozone hole” effect, i.e., rapid decrease in concentra-

tions of the stratosphere ozone over Antarctica, is lead-

ing to the dangerous increase of hard ultraviolet radia-

tion flow near the “hole” but it does not affect the climate 

of the planet so far8.

The ocean temperature is rising slowly; howev-

er, even if it rises by 1,0 -1,50С it may be enough to 

decolourise corals and do serious harm to some fish 

species. Changes in temperature may substantially af-

fect the whole food chain – phyto- and zoo-plankton, 

shrimps and small fish. From 1950 to 1980 the catch 

of herring in the North Sea was reduced by more than 

10 times due to concomitance of excessive catch with 

changes in temperature9.

According to IPCC assessment, by the end of XXI 

century the ocean level may rise by 30–45 cm; this be-

ing mostly contributed by the thermal expansion of the 

7 IPCC, 2007, Fourth Assessment Report, Working Group 1, 2 and 3. 
www.ipcc.ch  
8 Ibid
9 ACIA, 2004. Arctic Climate Impact Assessment. Cambridge University 
Press, www.acia.uaf.edu; IPCC Fourth Assessment Report, vol. 2, 2007, 
www.ipcc.ch; The Bering Sea Ecoregion, www.panda.org 

Rise in surface temperature of the earth’s atmosphere in 1900–2005 

Observations

Models

Santa Maria Agung

Pinatubo

During XX century the temperatures have risen by 
0,70С.
Each volcano eruption emits a great number of 
aerosol elements in the stratosphere; as a result, 
the earth is cooled down but eventually it warms 
up again. Models can depict the aggregate action 
of both anthropogenic and natural factors, which 
makes them suitable for the scenario prognosis.
Source: IPCC Fourth Assessment Report, vol. 1, 
2007, TS, p.62; for discussion of the problem by 
scientists from Goddard Institute for Space Studies 
see  www.realclimate.org
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upper layer nearly 800m thick10. According to the latest 

research, the ocean level will rise even more. This argu-

ment is supported by both the paleoclimate data and the 

fact that the glaciers not so much are melting as being 

destroyed and this speed up the process11.

The ocean is the main natural regulator of anthropo-

genic climate change. The process of absorbing СО
2 
by 

the ocean is rather complicated. СО
2
 is not only solved 

in water but also transformed into ionic forms of НСО
3
 

and СО
3
, the balance between those forms depends on 

temperature, acidity of waters and other factors. All this 

is directly connected with the life of sea biota. The in-

crease of acidity of the ocean surface already makes 

around 0,02 рН per decade and is connected with the 

10 IPCC, 2007, Fourth Assessment Report, Working Group 1, 2 and 3. 
www.ipcc.ch
11 Hansen J., Sato M., Kharecha P., Russell G., Lea D.W., and M. 
Siddall. Climate change and trace gases. Phil. Trans. R. Soc. A (2007) 
365, 1925–1954, doi:10.1098/rsta.2007. 2052.

process of absorbing СО
2
 by the ocean. Under рН re-

duction and rise in temperature the buffer capacity of the 

ocean as СО
2
 absorber is going down, and consequent-

ly the speed of absorbance is reduced, too12. Scientists 

are actively exploring those processes; however, it is 

still not clear how the ocean will react to the increase of 

СО
2
 concentration in the atmosphere. Will absorbance 

increase or, on the contrary, lessen? The latter is much 

more dangerous and may cause rapid climate change.   

It is very important to predict the rapid changes 

and identify the “triggers”. The attenuation of the Gulf 

Stream and North Atlantic current appears to be the 

most frequently covered in the press hypothetical ef-

fect.  It may happen if global ocean “assembly line” of 

currents is weakening or, potentially, as a result of the 

warming and desalination of the Arctic Ocean. If Arctic 

12 IPCC, 2007, Fourth Assessment Report, vol. 1, Technical Summary. 
www.ipcc.ch 
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glaciers melt and the flow of Siberian rivers increases 

the ocean waters will become warmer and less salted 

thus becoming relatively light. According to some model 

calculations, the probability of the Gulf Stream’s at-

tenuation may reach 25-50% in the XXII century and it 

may directly depend on the scope of global warming in 

general. Such effect may cause substantial decrease in 

average temperatures in Great Britain and Scandinavia. 

However, this issue has not been exhausted yet and 

scientists are still working on it13.

During XX century the average surface tempera-

ture in Russia rose by 10С which is 0,30С more than the 

rise in average global temperature of the Earth. For the 

period of 1990–2000 the temperature rose by record-

breaking 0,40С14. The average century-long increase 

in temperature is less significant: in particular, over the 

first years of the XXI century the average temperature 

13 Schlesinger M., J., Yun., G. Yohe, N. Andronova, S. Malyshev and B. 
Li. Assessing of Risk of Collapse of the Atlantic Thermohaline Circulation. 
In: Avoiding Dangerous Climate Change, 2006 H.J. Schellnhuber, W. 
Cramer, N. Nakicenovic, T. Wigley, G. Yohe (eds.). Cambridge University 
Press, Cambridge. pp. 37-48. 
14 Strategic prognosis for climate change in the Russian Federation in 
2010-2015 and its impact on Russian economy, 2005. Roshydromet. M.: 
28 p.

in Russia has not changed. However, the recent years 

have witnessed plenty of “local” records15 which have 

made unfavourable impact on people’s health (see 

chapter 4). The strongest climate changes are happen-

ing in the Arctic Region so the more detailed data on 

Russia is presented below; the problems of the Arctic 

Region are discussed in sections 2.3–2.4.

The same trends can be observed in countries 

neighbouring to Russia. Thus, in Mongolia over the 

last 60 years the temperature has risen by 1,80С16. From 

1961 to 2000 in Northwest China the average tempera-

ture rose by 0,70С17. During the XX century in the re-

gions of Central Asia the average temperature has risen 

by 1-20С. However, it is dangerous hydrometeorological 

events and growing lack of water resources that gener-

ally affect people and nature, but not the temperature 

increase as it is (see sections 2.1-2.2). 

15 For the data concerning climate change see www.meteoinfo.ru
16 Batima, P., L. Natsagdorj, P. Gombluudev and B. Erdenetsetseg, 
2005: Observed climate change in Mongolia. AIACC Working Paper, 13, 
25 pp.
17 Shi, Y.F., Y.P. Shen and R.J. Hu, 2002: Preliminary study on signal, 
impact and foreground of climatic shift from warm-dry to warm-humid in 
Northwest China. Journal of Glaciology and Geocryology, 24, 219-226.

Projected changes in average temperature until 2050 in different regions in accordance with IPCC 
A1B scenario
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Projecting climate changes is substantially more 

complicated task than the weather forecast for the near-

est future. Some parameters can be relatively reliable, 

e.g., weather conditions for 2 or 3 days and approxi-

mate information based on people’s weather sayings 

and experience over last years. Making prognosis for 

thousands years (in particular the coming of the new 

Ice Age) is a reliable astronomic forecast. As regards 

the nearest decades the models are already capable to 

calculate the average surface temperature depending 

on the greenhouse gas concentration in the atmosphere 

which actually means the amount of СО
2
 emitted by the 

humankind. Models can help to describe fluctuations 

of the earth’s temperature from pre-industrial era to 

the present. It means that we possess a rather reliable 

prognosis instrument for the future.

Calculations for the future – up to 2100 – demonstrate 

that the radiation warming up of the atmosphere (calcu-

lated in Watt/m2) will be mostly defined by the manmade 

strengthening of greenhouse effect. In terms of one cen-

tury the role of natural factors will be relatively insignifi-

cant. Therefore, the model calculations can be simply 

presented as three steps. First, СО
2
 (as well as other 

gases and aerosols) emissions are projected. Second, 

concentrations of СО
2
 and other gases and aerosols in 

the atmosphere are calculated. Third, which is the most 

difficult stage, the models of general atmosphere and 

ocean circulation simulate the future year by year in-

dicating temperature, precipitation amount, state of the 

snow cover, etc.    

However, the models are less applicable for regional 

and seasonal temperature trends; they are almost inap-

propriate for description of precipitation regime chang-

es. The models yet “cannot” project the increase in fre-

quency and force of weather anomalies like draughts, 

floods, typhoons etc.18. In these cases environmental-

ists and economists mainly rely on similar logical argu-

ments. For instance, given relatively small rise in aver-

age temperature the number of extreme weather events 

will grow proportionally and almost linearly. Then if in 

the XX century the rise in temperature was 0,70С and in 

the XXI century it is 5 times as much the abnormal phe-

nomena may be expected 5 times as much. It is worth 

18 For discussion of models’ possibilities see IPCC, 2007, Fourth 
Assessment Report, vol. 1. www.ipcc.ch
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noticing that the rise in average temperature, say, by 

20С would mean the rise in some regional temperature 

by 50С and more. Changes are expected to be espe-

cially strong for the Polar Regions. 

When discussing future prognoses it is important to 

choose the appropriate scenario of greenhouse gas 

emissions in the atmosphere. The graph above demon-

strates scenario IPCC A1B19 which is especially popular 

with economists. However, it is by no means the only 

possible scenario.  

For the nearest two decades all scenarios give practi-

cally the same rise of the average global temperature 

by 0,20С per a decade. Even if we assume that that the 

greenhouse emissions are stopped and the gas concen-

tration does not increase anymore the warming process 

will continue making 0,60С over the XXI century.

Scenario А1 suggests fast global economic growth 

along with active introduction of new technologies and 

the planet’s population peak achieved by the middle of 

the XXI century to be followed by the decrease in popu-

lation.  There is also less “climate – friendly” option of 

A1F1 when coal, gas and oil products are burned “with-

out any limits”. Besides, there is also the most ecological 

scenario A1T stipulating the preferential development of 

power engineering based on non – fossil fuel, as well as 

the balanced scenario A1B. Scenario А2 suggests that 

the global community is incapable of joining efforts to 

reduce greenhouse gas emissions and each big coun-

try or region is developed in the isolation from others. It 

will be impossible to stabilise the number of the planet’s 

population. Moreover, scenario А2 also stipulates that 

decrease of the ocean’s absorbance of СО
2
 by 2100 will 

increase global warming by 10С.

On the contrary, scenario В1 describes the most co-

ordinated efforts of the global community. The increase 

in the number of population will be stabilised by the mid-

dle of the century. Energy effective technologies with 

low СО
2
 emissions or no emissions at all will be widely 

introduced. According to scenario В2 the same meas-

ures will be undertaken while the number of the global 

population increases.

In the worst case the rise in average temperature will 

make up to 60С while in certain regions, especially in 

the Artic Region, it will amount to 10–150С. It implies 

the radical climate change most certainly leading to the 

19 This scenario serves as a basic one for a number of reports and 
energy scenarios of the International Energy Agency www.iea.org; it 
also underpins the report The WWF Climate Solutions. WWF’s Vision for 
2050. – WWF Intl, 2007. For the English version see  http://www.wwf.ru/
resources/publ/book/220/   

considerable increase in frequency and intensity of un-

favourable weather conditions. In any case, the recent 

IPCC report assesses the increase in disadvantageous 

phenomena as a verisimilar effect.  

It is worthwhile to come back to the discussion of the 

scenarios and other possibilities in the conclusion of this 

report (see chapter 5) after the climate change impacts 

on nature, economy, social problems and people’s 

health are considered.
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Global climate change is not a slow warming process; it 

is, first of all, imbalance – a severe shake of the whole 

climate system along with relatively slow rise in aver-

age temperature. According to the data collected by 

Moscow State University meteorological observatory, 

the average rise in surface air temperature in 1991 – 

2000 made  +3,70С in January, +3,40С in April,  +1,30С 

in July and +2,00С in October in comparison with 1901-

1910. However, given the average rise in temperature 

ranging from 2 to 30С, we may observe fluctuations in 

temperature being 3 – 5 times stronger. On the New 

Year Eve of 2007 the temperature in Moscow was 10-

150С higher than usual norm while in Tashkent it was 

as cold as -150С; the end of May was very hot in Mos-

cow while in Geneva the temperature was as low as 

+40С. People are well aware of the tragic consequenc-

es of heat waves in Europe in 2003 and heavy rainfall 

in India in 2005 not to mention other extreme weather 

events. This situation is not a surprise for scientists as it 

matches “theory and practice” of anthropogenic climate 

change1.

The first section of this chapter demonstrates that the 

number of dangerous weather phenomena and related 

risks is increasing. Besides, it is the lack of fresh water 

faced by several billion people may become the most 

acute global problem. That is why the second section 

of this chapter mainly focuses on the problem of water 

resources in Russia and Central Asia as these regions 

have been traditionally suffering from water shortage. 

In the third section we discuss specific problems of the 

Arctic Region and thawing permafrost which covers 

about 60% of the Russia’s territory. It is there that the 

climate change is most affecting the nature in Russia. 

2.1 The increase in the number and 
force of extreme phenomena
The imbalance of climate system manifests itself in the 

increasing number and force of all dangerous hydrom-

eteorological events (DHE), i.e., floods and droughts, 

heat waves and rapid frosts, tornados and heavy snow-

falls etc.  According to the observation results, the DHE 

number in Russia annually increases by 6,3%; besides, 

1 IPCC, 2007, Fourth Assessment Report, vol. 1 Technical Summary, 
page 53.  www.ipcc.ch  

they are now happening almost every day2 and not eve-

ry other day as it used to be 15 years ago. There were 

particularly many DHE in 2006 and 2007 making 387 

and 4363 cases respectively. According to the World 

Bank, the annual damage caused by various hydrome-

teorological events in Russia, including climate change 

consequences has already been assessed at 30-60 bil-

lion roubles.

70% of the most devastating DHE occur from April to 

October. They are also most frequent during this par-

ticular time period. It is worth stressing that the number 

of winter DHE is also increasing. This is additional evi-

dence of the fact that climate change is fist of all a break 

of robustness but not “soft” warming.

Strong winds, hurricanes, tornados and whirlwinds 

make more than one third of DHE. It is them that cause 

the most damage as they develop rapidly and suddenly, 

it is very difficult to predict these events and adequately 

prepare for them in advance.

In Russia, like in many other countries, rain floods 

and floods have become more often; they appear to 

be a real disaster causing heavy consequences. They 

make more than 50% of all economic losses caused 

by DHE. Lensk flood in Yakutia in 2001 has become a 

national tragedy. The town was almost totally washed 

2  Here and thereafter the data is given according to Materials for 
Strategic prognosis for climate change in the Russian Federation in 2010-
2015 and its impact on Russian economy, 2005. Roshydromet. M.: p. 
90.  
3  Interview of the Head of Roshydromet Alexander Bedritsky 6 February 
2008. www.rian.ru/elemants/20080206/98497614.htm  see also Report 
of Roshydromet on Climate Specific Features in the Russian Federation in 
2007, Moscow, 2008, – 35 pp.
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away from the face of the earth; the government had 

to urgently build new houses for the flood survivors 

and restore the city infrastructure (for more detailed 

discussion of Lensk case in terms of social impacts of 

climate change see chapter four). Many cities and re-

gions of Russia are partially flooded once within 8–12 

years; Barnaul, Bijsk, Orsk, Ufa and some other cit-

ies are partially flooded as often as once within 2–3 

years.   

By 2015, due to ice blockages in the northern regions 

the duration of spring flood may increase twofold (from 

12 to 24 days). It may also happen in central and north-

ern regions of European Russia, East Siberia and north 

– western regions of Russia’s Asian territories.

In southern regions with high level of spring and sum-

mer floods (e.g., in the foothills of the Urals and Altai 

and southern regions of West Siberia) the annual aver-

age rate of water losses may be exceeded 5 times.

Roshydromet studies undisputedly demonstrate 

that climate imbalance as well as the number and 

force of extreme weather events will be continu-

ously increasing. 

Over the last 15 years the increase in the number of 

DHE with social and economic damage has made 9 

events per year during warm period (from April to 

October). This trend will probably remain the same 

until 2015. 

Years

2006 2007

Strong winds, hurricanes, tornados, whirlwinds 75 117

Heavy rain or snow, continuous  rain, downpour, hailstones 84 94

ground surface icing, heavy frog, heavy sleet pickup 4 20

Very Hot or very cold periods 27 5

Snow avalanches, mudflows 20 24

Agro meteorological events (frosts, droughts, hot dry wind) 47 51

Floods, very high or very low level in rivers 50 33

High risk of fire 13 24

Combination of two or more types 67 68

TOTAL 387 436

The increase in the total number of dangerous hydrometeorological events in 1991-2007  

DHE Distribution in 2006 and 2007 in Russia according to types of the events
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At the moment the densely inhabited regions of the 

North Caucuses and the Don River basin (i.e., Krasnodar 

territory and Stavropol territory, Rostov, Astrakhan and 

Volgograd regions) are flooded once within 5 years; every 

hundred years there happens a heavy flood during which 

the average maximums of water losses are increased 7 

times. By 2015 the frequency of catastrophic floods in 

those regions may considerably increase in spring and 

summer thus causing serious damage to the regions.

Over the next 10 years in the Far East and Primorie 

the rain flood frequency may increase two- or threefold. 

In summer there may increase the danger of rain 

floods, mudflows and landslips in the mountain and 

foothill regions of the North Caucuses and West and 

East Sayany.

Within the nearest 5 – 10 years due to current and 

predicted climate changes there may be catastrophic 

floods in Saint – Petersburg with water level rise making 

more than 3 metres (such floods used to happen once 

within 100 years, the last one was registered in 1924). 

It is vitally important to finish and implement the flood – 

protection system in the city as soon as possible4.

Over the last 5 years, despite prediction complexi-

ties, there has been observed the positive trend of cor-

rect predictions of extreme weather events which have 

caused considerable economic damage to Russia’s 

population and economy. Joint research of Roshydrom-

et and World Bank has shown that by 2012 due to tech-

nical modernization of Russian Hydrometeorological 

Service the share of correct DHE predictions will make 

up to 90%. On the one hand, this fact demonstrates high 

professional skills of meteorologists; on the other hand, 

it means that now people have a better knowledge of 

climate system. 

One can generally observe the same trends in the 

neighbouring countries. Over the last decade in Chi-

na the frequency of heat waves and high day and night 

temperatures has increased, the area of territories suf-

fered from droughts and sand storms has been expand-

ed by several million hectares.   

Over the last 40 years in Mongolia the duration of heat 

periods has increased by 8 -18 days; at the same time 

the duration of extremely cold periods has decreased by 

13 days on average. The frequency and intensiveness 

of drought periods have increased causing substantial 

livestock losses5.

4 Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p. 90.
5 Batima, P., L. Natsagdorj, P. Gombluudev and B. Erdenetsetseg, 

For the world in general the total losses caused 

by climate change (i.e., stronger and more intensive 

droughts, floods and hurricanes) were assessed in “The 

Economics of Climate Change” by Nicholas Stern et 

al in 2006. Below one may find the aggregate assess-

ment of the largest climate change impacts on people’s 

health, earth and environment (for more detailed dis-

cussion of water resources and food in terms of climate 

change impacts on agriculture see chapter 3). 

2.2 Water resources 
As it has already been mentioned above, the lack of 

fresh water may become the most acute global prob-

lem. This situation may seem paradoxical as the global 

average rainfall amount is almost the same now, and 

seems not to be changed in the future; however, the 

rainfall distribution is becoming more uneven in terms 

of time and space.   

In the traditionally water lacking regions the problem 

of water deficiency is becoming more critical not only 

due to population growth but because of decreasing 

amount of water. At the same time there may be the 

increase in precipitation in the regions with sufficient 

water resources. 

However, the strongest negative impact is caused by 

growing unevenness of rainfall and / or river runoffs in 

terms of time. Heavy rains are followed by drought pe-

riods; due to thawing of the glaciers the spring floods 

become shorter and stronger; shortly after that there 

comes dry summer and so on and so force. That is why 

it is reasonable to consider the water resources prob-

lem in the climate change context while the review of 

average annual and seasonable changes for such a big 

country as Russia is of less important.   

Russia possesses one fifth of world fresh water re-

serve; but this water amount is rather unevenly distrib-

uted within the Russia’s territory. Thus, the central and 

southern regions of European Russia, where 80% of the 

country’s population and industry is concentrated, have 

only 8 % of water resources. As a result, it brings to the 

water deficiency in several Russian regions. This situ-

ation is aggravated by substantial pollution of surface 

and underground waters.  

During the last decades climate change has largely 

affected water regime of rivers in Russia. For the most 

part of Russia’s territory annual runoff has exceeded the 

average rate of many years. The largest change in an-

2005: Observed climate change in Mongolia. AIACC Working Paper, 13, 
25 pp. 
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The aggregate assessment of the largest climate change impacts on people’s health, earth and 
environment
(the current rise in global temperature makes 0,750C relative to the early XX century) 

Rise in 
average global 
temperature 
relative to the 
early XX century 

Health Earth Environment 

1 °C 

More than 300 thousand 

people annually die from 

climate change – related 

diseases (diarrhoea, 

malaria, malnutrition). 

Thawing permafrost is 

damaging buildings and roads 

in Russia, Canada and Alaska 

At least 10% of surface animal and plant 

species may die out. 

2 °C

In Africa 40-60 million 

people are exposed to 

the risk of getting malaria. 

Up to 10 million people are 

annually exposed to the risk 

of floods.

15-40% of surface animal and plant 

species may die out. Rapid decrease in 

the number of arctic species including 

polar bear and reindeer.

3 °C 

In Africa up to 80 million 

people are exposed to 

the risk of getting malaria.

1–3 million people die 

from malnutrition

Up to 170 million people are 

annually exposed to the risk 

of floods. 

20-50% of surface animal and plant 

species may die out. 

4 °C 

Up to 300 million people are 

annually exposed to the risk 

of floods. 

Gradual vanishing of 50% of the Arctic 

tundra. 

Approximately half of specially protected 

natural territories are loosing their 

functions.

5 °C 

Small islands and coastal areas (e.g., the Pacific islands, Bangladesh, Florida etc.) as well as the biggest 

world cities (New York, London, Tokyo, Saint – Petersburg) are exposed to the risk of floods.

The increasing risk of rapid changes in thermohaline circulation of the Atlantic ocean waters.

Risk of rapid changes in air circulation, e.g., changes in monsoons.

According to the data of Stern N., 2006. The Economics of Climate Change. Cambridge University Press, 610pp. www.sternreview.org.uk

nual runoff – by 15-40 % – has been noticed for Europe-

an Russia, southern regions of West Siberia and part of 

the Lena River basin. Some seasonable changes have 

become even worse. Thus, in winter period in south – 

western regions of European Russia runoff exceeded 

the many years average rate by 50-100%6.

In Russia’s western regions the terms of river runoff 

peak values have been shifted as it more often rains 

than snows so rain water reaches the riverbed much 

faster. As a result, the soil absorbs less water than dur-

ing the melting of snow cover and it negatively tells upon 

the soil moisture content. 

Rarer and rapider precipitation has become one of 

climate change manifestations.  The total precipi-

tation and river water amount are slightly increas-

6 Russia’s Fourth National Communication to the UN FCCC and Kyoto 
Protocol, 2006. Roshydromet, M., P. 82, www.unfccc.int

ing; however, the Russia’s hydrological regime is 

deteriorating. The number of drought periods and 

floods is increasing. Precipitation distribution may 

either change or remain unchanged – so far it does 

not contradict the data on sharper rainfalls and de-

terioration of hydrological regime.

In 1961 – 2000 in north – western regions of Chi-

na precipitation amount increased by 20-30%. On the 

other hand, since 2000 in China the area of territories 

suffered from droughts has expanded by 6,7 million 

hectares (particularly in the capital province, North Chi-

na and Inner Mongolia), there are more lands now suf-

fering from sand storms7. In Mongolia drought periods 

7 Zhai, P. and X. Pan, 2003: Trends in temperature extremes during 1951-
1999. China. Geophys. Res. Lett., 30, 1913, doi:10.1029/2003GL018004; 
Zhou, Y.H., 2003: Characteristics of weather and climate during drought 
periods in South China. Journal of Applied Meteorological Science, 14, 
S118-S125. 
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have become more frequent and intensive. Droughts of 

1999–2002 were particularly devastating.8

In Central Asian countries due to global warming 

the area of mountain glaciers in Tian – Shan and Pamir 

areas has shrunk. For instance, the thickness of Tujuk-

suu and Kara-Batkak glaciers in Tian – Shan has been 

reduced by one third. Photographs of Zeravshan glacier 

have shown that from 1908 to 1986 it receded by about 

1 km. From 1850 to 1984 the lower border of Abramov 

glacier rose by 80 m with the ice volume having de-

creased by 630 million m3. Small glaciers of less than 1 

km2 in size making 80% of the total amount of glaciers 

in the region are melting most intensively. According to 

the moderate estimations, in the XX century Tajikistan’s 

glaciers have lost more than 20 km3 of ice. Glacier re-

duction has affected the river flow. Thus, within the last 

30 years the average annual runoff in Tajikistan has de-

creased by 3,3 km3.9 

Glacier reduction is overlapping with the main fac-

tor – extremely irrational use of water and archaic ir-

rigation (the irrigated area makes 8 million hectares). In 

combination with the intensive evaporation this brings 

to the situation when 12 900 m3 of water are annually 

spent per 1 hectare while only 21% of this amount is 

indeed effectively used. Due to evaporation and infiltra-

tion through the walls and bottom of Karakum canal 2, 

8 km3/year of water is lost; approximately 3 km3/year of 

water is annually thrown into Sarakamysh hollow10. 

Water losses are really huge: they include almost total 

vanishing of the Aral Sea which used to be the fourth big-

gest world inner water reservoir, degradation of coastal 

economy of the sea and the low Amu-Daria, mass mi-

gration of local population, considerable decrease in the 

level of Lake Issyk – Kul and Lake Balkhash, numerous 

local conflicts, etc. Since the late 1960s during 35 years 

the Aral Sea level decreased by 17 m. Water resources 

of two main rivers which used to feed the sea – Syr-

Daria and Amu-Daria – are now making about 110 m3/

year, 50 – 60 m3/year of which reached the Aral Sea in 

natural conditions. The share of Amu-Daria used to be 

8  Batima, P., L. Natsagdorj, P. Gombluudev and B. Erdenetsetseg, 
2005: Observed climate change in Mongolia. AIACC Working Paper, 13, 
25 pp. See also IPCC, 2007, Fourth Assessment Report, WG2 Ch.10, p. 
475-477.  www.ipcc.ch  
9  Here and thereafter the data on Central Asia is given according to: 
S.K. Alamanov, V.M. Pelevkin, O.A. Podrezov, A.O. Podrerzov. Climate 
change and water problems in Central Asia. Educational course for natural 
sciences and humanities students, Moscow – Bishkek, WWF Russia, 
UNEP, 2006, 188 p. 
10  Ibid. See also World Bank report on water and power resources in 
Central Asia, Washington, 2004.

80% of the tributary. At the moment the water from this 

river hardly reaches lake, it has been split into 2 water 

reservoirs and has totally lost any agricultural value. 

According to most experts, 20% of the Aral Sea 

tragedy is explained by natural water shortage de-

termined by climate conditions, and 80% are undis-

putedly attributed to irrecoverable use of water for 

irrigation needs. 

Water resources deficit prognosis. The recent 

IPCC report provides detailed analysis of problems 

of the precipitation modeling and forecasting. Despite 

discrepancies in the forecasts for different models still 

it was possible to make the aggregate prognosis of 

changes in annual runoff based on 12 models (within 

the same A1B greenhouse gas emissions scenario, for 

more details see chapter 1). In regard to Russia and 

Central Asia, one should take into account a distinct 

split between northern and eastern regions where the 

runoff increases by 10-30% and southern and western 

regions where the runoff decreases by 20-30%. 

By 2015 in Russia’s central and western regions 

the rapid increase of winter (by 60-90%) and summer 

(by 20-50%) river stream flow is expected. Given less 

intensive winter freezing of soil the ground water lev-

els will increase. It means that vast areas of Russia’s 

plain territories may be flooded; buildings and con-

structions there may be deformed and weakened due 

to specific features of these territories including exces-

sive moistening, shallow location of ground waters and 

weak drainage capacity11. Historical foundations of city 

11  Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p. 40. 
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centres, monuments and architectural masterpieces 

like “Russian North” and “Russia’s Golden Ring” may 

particularly suffer from floods. These processes have 

already started; therefore, it is important to organize 

the full-scale investigation, develop and implement pro-

tective measures including water management of the 

flooded territories.

By 2015 in Russia’s southern regions – i.e., in 

Black Soil regions, Kalmykia, Krasnodar territory and 

Stavropol territory, Rostov region, Altai territory, Omsk 

and Novosibirsk regions – water resources may be re-

duced by 10–20%. 

In the nearest 5 – 10 years in Stavropol territory, Ka-

lmykia and Belgorod region the number of water defi-

cient years will increase thus reducing the water supply 

level up to 1,0–1,5 thousand m3/(per year / per capita) 

– this level is classified as a very low one according to 

international standards. In the above – mentioned re-

gions the lack of water will be hindering the economic 

growth and improvement of the population’s wellbeing. 

In several neighbouring regions water supply will make 

2-4 thousand m3/per year / per capita which can be 

classified as low12. This situation will be aggravated by 

the results of agricultural activities. Thus, over the last 

years due to agricultural activities the annual runoff in 

Kuban has made 33%. Given melting and rapid shrink-

ing of glacier area in the Caucuses the situation may 

become really dangerous.

In North China the total water amount decrease is not 

expected; however, the situation may be aggravated by 

high density of population, the increase of economic activ-

ity and general industrialization of the country as all these 

factors will demand increasingly more water. Seemingly 

12  Op. cit., p. 56. See also Russia’s Fourth National Communication to 
the UN FCCC and Kyoto Protocol, 2006. Roshydromet, M., P. 164, www.
unfccc.int

favourable prognosis of the general increase in water re-

sources for Mongolia and West China gives us more 

concern than optimism. Judging from this prognosis one 

can expect the dangerous precipitation increase in win-

ter, i.e., heavy snowfalls. This trend has already been ob-

served; it has been negatively affecting the pasture stock 

breeding which makes the baseline of the local commu-

nity life (for more details see chapter 3).

According to IPCC prognosis, in western and south-

ern regions of Central Asia, where the agriculture fa-

cilities are mainly located and the majority of population 

lives, one may expect annual runoff decreasing by 10-

20%. The situation is aggravated by growing uneven-

ness of runoff caused by disappearance of glaciers as 

water accumulators; as a result, one may predict spring 

floods become rapider and critical water deficit in sum-

mer time.  

Tajik experts’ forecasts say that by 2050 thousands of 

Tajikistan’s small glaciers will totally vanish, the iced ter-

ritory will shrink by 20%, and the ice square will shrink 

by 25%. This may decrease the share of glacier water 

sources feeding the local rivers by 20–40%. The total 

runoff of Zeravshan, Kafirnigan, Vakhsh and Panj rivers 

will be reduced by 7%. Even the possible increase in 

precipitation by 15–20%13 will hardly affect the runoff 

as the rain water will mainly evaporate. By the middle of 

the century in Kazakhstan the South Jungaria glaciers 

may totally vanish14. 

In 2005 the summer expedition of glaciologists from 

Kazakhstan confirmed continuous shrinking of glacier 

areas in North Tian – Shan. Linking this process with 

13  IPCC, 2001, Third Assessment Report, vol. 1.  www.ipcc.ch  
14  Here and thereafter the data is given according to: S.K. Alamanov, 
V.M. Pelevkin, O.A. Podrezov, A.O. Podrerzov. Climate change and water 
problems in Central Asia. Educational course for natural sciences and 
humanities students, Moscow – Bishkek, WWF Russia, UNEP, 2006, p. 
188. See also Materials of glacier studies. M., 2004, vol. 97. 

Satellite images (sp) of the Aral Sea. The image from 1957 is given according to the map.

M.G. Glantz, I.S. Zonin. The Aral Sea: water problems, climate and environment changes in Central Asia. World Meteorological Organization, WMO-982 
Report, 2005, P. 37
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global warming the expedition participants believe that 

if the melting tempo of the glaciers keeps like now then 

during the nearest 10 – 15 years the mountain rivers 

runoff will decrease twofold. Within the nearest dec-

ades due to global warming the water resources of the 

main Kazakhstan rivers may decrease by 20–40% in 

the whole. For detailed discussion of water problem im-

pact on agriculture and people’s lives in Central Asia 

see chapter 3.

2.3 Changes in the Arctic Region
It is the Arctic Region where the climate is changing 

most strikingly – about 1,5 – 2 times faster than on the 

Earth in general. Over the last several years the temper-

ature in different parts of the Arctic Region has risen by 

0,7 – 40С; winter becoming warmer faster than summer, 

while the duration of freezing-over of rivers and lakes 

has reduced. Over the last 30 years the snow period 

has reduced by 2 weeks on average15. The shrinking 

of the total iced area in 2005 – from 7,5 million km2 to 

5,5 million km2 – was quite impressive. The year 2007 

witnessed a new record16 of 4,3 million km2. The less 

15 ACIA, 2004. Arctic Climate Impact Assessment. Cambridge University 
Press, 139 pp. www.acia.uaf.edu
16 The comparison is based on the data collected on September of 
each year when the iced area is the smallest. National Snow and Ice Data 
Center (NSIDC), USA. http://www.wwf.ru/resources/news/article/3317 (in 

severe climate might seem to please the local people 

but it is not true. 

Victor Tkachenko, a resident of Ryrkarpiy settlement 

in Chukotka, says that «Previously one could go seal 

– hunting on the ice until the end of June; now it is dan-

gerous to walk on the ice as early as in May. Thaws 

with rains may occur even in January. I can’t recall such 

things happening before. Some places, used to be cov-

ered with ice crust all year round, are melting every-

where now. Due to the heat berries become overripe, 

jelly-like and not tasty. We are running out of cloudber-

ries because of the hot summer»17. 

Gregory Rykhtyn from Vankarem settlement believes 

that «the nature got much worse, people have offended 

the nature. Spring comes 2 – 3 weeks earlier than be-

fore. Spring is getting harsh; it is raining or snowing all 

the time. The first rain is in May, it has never been like 

that before.  The first thaw is in the end of April. The 

ice starts drifting much earlier, approximately on May 

25; before it used to begin on June 10 – 15. Summers 

have become unbearably hot. There is no good ice on 

Russian). http://nsidc.org/news/press/2007_seaiceminimum/20071001_
pressrelease.html 
17 Observations of the native inhabitants of Chukotka autonomous 
county coastal districts concerning climate change/ V. Kavry, A.M. 
Boltunov: WWF Russia, 16 p. – 2006, http://www.wwf.ru/resources/publ/
book/196/ 

Summary forecast of changes in annual runoff of rivers:
 2041 – 2060 relative to 1900 – 1970, in percent

IPCC, 2007, Fourth Assessment Report, vol. 2, Chapter 3, p.184  www.ipcc.ch , see also Milly, P.C.D., K.A. Dunne and A.V. Vecchia, 2005: Global pat-
tern of trends in streamflow and water availability in a changing climate. Nature, 438, 347-350
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the sea anymore. The sea ice usually started breaking 

in the middle of May but the ice-floes did not drift too far. 

We could hunt on the ice all summer round18».

Polar bears – “masters” of this area – are also suf-

fering from the climate change. In spring they used to 

hunt seals on the ice. However, over the last years the 

traditional seal – hunting has become rather problem-

atic in Chukotka. Ice starts melting pretty early, ice-floes 

are drifting far from the sea coast. As a result, bears 

are separated from their traditional hunting area by 

wide sections of water; they have to leave their natu-

ral habitat. Searching for food, they are coming to the 

settlements. In Vankarem settlement the local people 

urgently had to create the special “Bear Patrol” team. 

Polar bears are gradually accommodating themselves 

to new conditions and start hunting walruses instead of 

seals.  Besides, bears now appear in the areas they 

have never been before, e.g., in the mouth of the Koly-

ma river. Migration of polar bears and their adaptation to 

new areas often provoke conflicts of bears with people. 

Other habits of polar bears are also changing. Thus, 

in Canada there were several cases observed when 

bears dug their dens in the ground because of the lack 

of snow in early winter. Despite polar bears’ high adapt-

ability within the nearest decades the number of these 

animals may decrease by more than one third.  

Global warming is making transportation more prob-

lematic. All over the North the time of using winter roads 

has reduced: roads are now freezing later and melting 

earlier than before. This fact is making work in tundra 

much more difficult given impediments of going through 

the melted tundra; besides, it is very harmful for the na-

ture.  Even if an off-road vehicle drives across this terri-

tory only once the trail left after such passage may stay 

there for several decades. This is why in many regions 

the summer driving is forbidden. 

Maria Chistopolova from Paratunka settlement says 

that relatively warm and frostless winter, cold and foggy 

summer, late snow and the shrinking of iced area on 

the rivers have become typical for Kamchatka regions. 

“Now there are frogs in tundra – there have never been 

frogs over there… Besides, mosquitoes have become 

larger, they bite more painfully”.

Reindeer breeders are complaining that “November 

thaws, especially when it rains, are doing great harm to 

the reindeer-breeding. There used to be thaws before 

but without rains». The climate change prognoses are 

18 Ibid. Referred to here and below in this section, the data concerning 
climate change was collected by WWF Russia

far from being optimistic: the situations of spring thaws 

immediately following by frosts will become more often; 

as a result, the ice crust is formed so reindeer cannot get 

the forage out of snow. Besides, due to the late freez-

ing – over of rivers there will be problems with reindeer 

driving. Thus, even now the reindeer breeders of Kola 

Peninsula often cannot drive flocks to the slaughter sta-

tions in the western parts of the region in December; 

instead, they have to do it in February when the quality 

of deer meet is worse and prices for it are going down. 

Never in the XX century has there been such a small 

amount of ice as nowadays, never have its area and 

thickness been shrunk that fast. It would be interest-

ing to compare the modern situation with the previous 

warming which took place in the 1930s. At that time the 

warming led to such noticeable ice cover decrease that 

“Cheluskin” attempted to explore the North Arctic pas-

sage without using additional ice-breakers.  However, in 

1930s the warming confined by the territory of the Arctic 

Region while now it has become a global process. This 

can be explained by differences in causes of the previ-

ous and modern warming. In 1930s СО
2
 concentration 

in the atmosphere did not change much; now it is rapidly 

increasing thus causing the lasting global effect19.

Noticeable changes have also been happening on 

the Arctic land. According to scientists’ observations in 

Alaska, over the last 50 years the confines of the for-

19  IPCC, 2007, Fourth Assessment Report, Working Group 1, 2 and 3. 
www.ipcc.ch   
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est zone have shifted to the North by 10 km displacing 

tundra zone20. In the mountain regions of North Sweden 

over a hundred years forests have shifted upwards by 

60 m21.

What will happen to the climate in future? The answer 

to this question depends on what people will do. If we 

continue burning enormous amount of carbon fuel and 

mercilessly cutting down forests СО
2
 concentration in 

the atmosphere will rapidly increase, therefore, over the 

nearest decades the greenhouse effect will warm up 

the planet by several degrees. If economy develops in a 

more ecological way this process may be slowed down. 

Interestingly enough, during the nearest 25 – 30 years 

the climate change will hardly depend on our choices. 

Due to “inertia” of the climate system the changes will 

be determined by factors already affecting the earth’s 

climate right now; at the same time it is most likely that 

the modern trends and rate of rise in air temperature 

will remain the same. The current trends may be un-

derstood from the picture showing the changes in the 

average annual air temperature in the period between 

1970 and 2006.  

This data perfectly corresponding with modelling re-

sults underpinned the climate prognosis made by Ro-

shydromet (2005). According to this prognosis within 

the nearest three decades in the Baikal region and 

Transbaikalia as well as in South and Central Siberia 

20 Тape, K., Sturm, M., Racine, C., 2006. The evidence for shrub 
expansion in Northern Alaska and the Pan-Arctic. Global Change Biology, 
12 : 686-702, doi: 10.1111/j.1365-2486.2006.01128.x. Sturm, M., Racine, 
C., Tape, K., 2001. Increasing shrub abundance in the Arctic. Nature,  411 
: 546-547. 
Truong, G., Palm, A.E., F, F., 2006. Recent invasion of the mountain birch 
Betula pubescens ssp. tortuosa above the treeline due to climate change: 
genetic and ecological study in northern Sweden. European Society for 
Evolutionary Biology: doi: 10.1111/j. 1420-9101.2006. 01190.x.
21 Truong et al., 2006

the average annual temperature will rise by 1,2 – 1,6 

0С. In Chukotka and Eastern Siberia it will be warmer by 

1,0 0С.  In the North – West of Russia and North Europe 

the warming will probably be less significant ranging 

from 0,5 to 1,0 0С which is partially conditioned by the 

stabilising influence of ocean currents. By the middle 

of the century these numbers may increase by 1,5 – 2 

times22.

What does this fact imply? In the Arctic region the 

forthcoming warming will first lead to changes in cryo-

sphere. The latter contains about 80% of all fresh wa-

ter reserves including all forms of ice, snow cover and 

permafrost. Less than 1% of these reserves undergo 

annual melting and freezing. If all ice and snow melted 

the ocean level would rise by almost 80m. According to 

the IPCC data, by the end of XXI century the ocean level 

may rise by 30 – 45cm as compared to the beginning of 

the century. The main contribution to this process – up 

to 70% – will be made by the heat expansion of water 

of the upper ocean layer which is approximately 800m 

thick. 15% will be contributed by the melting of the ice 

shield in Greenland23. Moreover, there are researchers 

arguing for the ocean level will rise even higher. This 

argument can be supported by the palaeoclimatic data 

and the fact that glaciers are not only melting, but also 

being destroyed thus speeding up this process24. 

The melting of sea ice will improve navigation in the 

Arctic Region. By the end of the XXI century the dura-

tion of the navigation at the “narrow place” of Vilkitsky 

22 Strategic prognosis for climate change in the Russian Federation in 
2010-2015 and its impact on Russian economy, 2005. Roshydromet. M.: 
28 p.
23 IPCC, 2007, Fourth Assessment Report, Working Group 1, 2 and 3. 
www.ipcc.ch
24 Hansen J., Sato M., Kharecha P., Russell G., Lea D.W., and M. 
Siddall. Climate change and trace gases. Phil. Trans. R. Soc. A (2007) 
365, 1925–1954, doi:10.1098/rsta.2007. 2052.

Photographs of the sea ice made from the satellite in September 1979 (on the left) and 2003 (on the right)18
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Bay may extend up to 120 days making 20 – 30 days 

on average at the moment25. At the same time due to 

ice destruction in Severnaya Zemlya (North Land) and 

Novaya Zemlya (New Land), Alaska and Greenland the 

danger of colliding into icebergs will increase. It is worth 

stressing that it is destruction of glaciers that causes 

iceberg formation. The thaw water is leaking through 

the cracks into the glacier and its big blocks are slipping 

into the ocean. The same and even stronger effect can 

be achieved by intensive mobility of ice fields. Ice mas-

sifs covering the area of several square kilometres may 

“tear off” from the entire ice massif covering the North 

Pole and drift separately. 

Thus, in several decades the navigation will basical-

ly become easier; however, there will be a problem of 

ice field and iceberg drifting. If the satellite monitoring 

system operates smoothly the problem for ships may 

be solved, otherwise we will have to recall the “Titanic” 

tragic story. It may be more difficult to solve the problem 

faced by gas platforms which can’t “evade” the ice field 

or iceberg approaching them.  

The land biota, glaciers and permafrost will be chang-

ing. The tundra area will be gradually shrinking; accord-

ing to various prognoses within a hundred years it may 

25 ACIA, 2004. Arctic Climate Impact Assessment. Cambridge University 
Press, 139 pp. www.acia.uaf.edu

shrink by 10% – 50% being replaced by the taiga26. Mil-

lions of geese, eiders, woodcocks and other birds will be 

deprived of the nesting area; as a result, their number 

may substantially decline. If the temperature rises by 3 

– 4оС the annual average number of lemmings may de-

crease by 60%, this may undermining the food chain of 

tundra ecosystem and consequently affect the popula-

tion of polar owls and foxes27.

Scientists are mentioning other possible effects which 

have not clearly manifested themselves yet.  The rise 

in temperature will lead to migration of marketable fish 

species like salmon and cod; as a result, the catch of 

these fish species in the Bering Sea may be reduced. 

Changes in water circulation and the rise in temperature 

create favourable conditions for water parasites and 

pathogenic microorganisms.  It will also lead to the de-

crease in the number of fish and reduction of the catch. 

It has been noticed that climate change is affecting the 

catch of cod and shrimps in the Atlantic Ocean where 

the negative consequences are also possible. The 

26 Anisimov, O., Vaughan, D., 2007. Polar Regions, Climate 
Change 2007: Climate change impacts, adaptation, and vulnerability. 
Contribution of Working group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge University Press, 
Cambridge, pp. 801-841.
27 ACIA, 2004. Arctic Climate Impact Assessment. Cambridge University 
Press, 139 pp. www.acia.uaf.edu

Changes in average annual air temperature from 1970 to 2006 (numerator), changes at cold/warm period of year (denominator)
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warmer climate may lead to the increase in the number 

of insects, forest pests and diseases which might be 

new for the Arctic and Subarctic regions. 

2.4 Changes in permafrost 
Permafrost covers about 25% of the earth’s surface of 

the North Hemisphere and more than 60% of Russia’s 

territory. There are continuous (with the permafrost 

covering more than 90% of the territory), discontinuous 

(with the permafrost covering from 50% to 90% of the 

territory) and island (with the permafrost covering less 

than 50% of the territory) permafrost zones in the Arctic 

Region. The average thickness of frozen rocks in per-

mafrost zones ranges from 100 to 800m, 25 – 100m 

and 10 – 50m respectfully. Since the 1970s scientists 

have been observing the rise in temperature and the 

increase of the depth of the summer thawing of perma-

frost, in several regions the permafrost area has been 

shrinking. These changes are seriously impacting natu-

ral ecosystems, economy of the Polar Regions and peo-

ple’s lives. 

Over the last years in North Yakutia local people start-

ed growing potatoes although as recently as 350 years 

ago Russian voivodes P. Golovin and M. Glebov report-

ed to the tsar that in Yakutsky province “… the soil did 

not melt even in summer” so “according to trade peo-

ple and clerks, one should not expect any grain harvest 

there”. Alas, the other side of the coin is much worse. 

Thawing permafrost is threatening constructions 

(roads, oil and gas pipelines, reservoirs, facilities oil and 

gas industries, buildings etc.) located in the regions of 

the Far North. More than 30% of explored oil reserves, 

about 60% of natural gas and large coal- and peat-beds 

are concentrated in the Russia’ northern regions, the 

broad infrastructure serving the needs of mining indus-

tries has been developed there. Many pile-dwellings are 

based on the frozen ground and may be exploited only 

at certain temperatures. 

In June 2002 an apartment building was ruined in 

Chersky settlement of upper Kolyma region. It hap-

pened due to thawing permafrost under the foundation 

the building.  In summer 2006 at the parking place in 

Yakutsk several cars fell into the huge crater caused by 

thawing permafrost. 

Over the last 30 years in Yakutsk more than 300 build-

ings were seriously damaged due to the ground slump. 

By 1992 the share of damaged buildings was 10% for 

Norilsk, 22% for Tiksi, 35% for Dudinka, 50% for Pe-

vek and Amderm, 55% for Magadan, 60% for Chita and 

80% for Vorkuta.  From 1990 to 1999 the number of 

buildings damaged due to uneven ground slumps has 

increased by 42% in Norilsk, 62% in Yakutsk and 90% 

in Amderm28. 

If the current trends remain the same, as indicated 

by climate simulations, the dangerous geo – ecological 

consequences of permafrost degradation will be una-

voidable.  

What will happen to permafrost? It could be com-

pared to the ripening Swiss cheese with plenty of air 

bubbles inside of it. The climate change impact will first 

manifest itself in changes in temperature and the depth 

of the seasonal thawing of permafrost; at the same time 

the further it is moving to the southern border the more 

often “bubbles” of thawed soil, or taliks, emerge. These 

taliks will eventually grow in size, merge with each other 

and go deep into the soil displacing frozen rocks in dis-

continuous and island permafrost zones. Even near the 

permafrost’s southern border the thawing process will 

go rather slowly. Decades of years must pass before the 

frozen layer being about 10m thick totally disappears 

given the frozen ground located under taliks which are 

eventually growing in size. 

Climate change makes different impacts on various 

types of frozen grounds. The grounds containing exces-

sive amount of mineral salts are especially vulnerable to 

climate change. They are mainly located in those Arctic 

coastal regions which were the sea bottom thousand 

years ago. These grounds contain salts evaporated from 

the sea water. They form lenses of different size con-

taining highly mineralised water which does not freeze 

even at below 0оС temperatures. Even a slight rise in 

temperature, with the assumption that it has negative 

meaning, leads to the change of correlation between 

28 O.A. Anisimov, M.A. Belolutskaia, 2002. Assessment of climate 
change and permafrost degradation impact on the infrastructure in 
Russia’s northern regions. Meteorology and hydrology (6): 15-22. O.A. 
Anisimov, S.A. Lavrov. 2004. Global warming and thawing permafrost: 
risk assessment for TEK industrial units. TEK technologies (3): 78-83.
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salt solution and ice. Such grounds are very unstable; it 

is very difficult to base any construction on them. These 

grounds are widely spread in the districts of prospective 

gas and oil fields in Yamal region, besides, this problem 

emerged in the process of technical design and con-

struction of Obskaya – Bovanenkovo railroad. 

The changes in permafrost can be projected by means 

of mathematical models. Calculations, the results of 

which are given in the table, demonstrate that during 

the nearest 20 – 25 years the total permafrost area may 

shrink by 10%-12% reaching 15%-20% by the middle of 

the century, and its borders will shift by 150 – 200 km to 

the North – East29.

The depth of seasonal thawing will increase by 15%-

25% on average reaching almost 50% on the Arctic 

coast and in some regions of West Siberia. In West 

Siberia (Yamal, Gydan) the temperature of the frozen 

ground will rise by 1,5-2 °C on average – from -5...-6 °C 

to -3...-4 °C; therefore, there will be a danger of forming 

unstable high temperature frozen grounds. In the south-

ern area the permafrost patches will continue thawing. 

As the frozen grounds are not too thick there (making 

from several to several dozen metres) it is quite pos-

sible that most of permafrost patches will totally thaw 

out over several decades. In the coldest northern zone, 

with permafrost covering more than 90% of the territory, 

the seasonal thawing will be increasing in depth. Ta-

liks may emerge and develop there, too, being mainly 

located under big rivers and lakes so permafrost will 

be torn off from the surface and preserved within the 

deeper ground layers. The interim zone will be charac-

terised by the sporadic spreading of frozen rocks, the 

distances between which will be reduced and the depth 

29 O.A. Anisimov, A.A. Velichko, P.F. Denchenko, A.V. Eliseev, I.I. 
Mokhov, V.P. Nechaev, 2002. Climate change impact on permafrost in 
past, present and future. Physics of atmosphere and ocean, 38 (1): S25-
S39.

of seasonal thawing increased in the process of global 

warming.  

The projected changes in permafrost are unfavour-

able for the Far North regional infrastructure. Risks of 

construction damage can be assessed by means of 

geocryological risk index. This index takes into account 

projected changes in temperature and the depth of sea-

sonal thawing of permafrost, iciness and saltiness of the 

frozen ground as well as the regional differences in cli-

mate change. In accordance with this index the territo-

ries have been divided into areas of high, moderate and 

low geocryological risks30 (Anisimov, Lavrov 2004).

The highest geocryological risk regions include Chu-

kotka, Upper Indigirka and Kolyma river basins, South 

– East Yakutia, most part of the West Siberian valley, 

the Karskoe sea coast, Novaya Zemlya (New Land) 

and, partially, the sporadic / isolated patches area in 

northern regions of the Russia’s European territory. All 

those regions have well-developed infrastructure, i.e., 

gas and oil mining  complexes, Nadym – Pur – Taz pipe-

line system located in the North – West Siberia, Bibi-

linskaya atomic power station including electricity lines 

from Chersky settlement at Kolyma river to Pevek on 

the East Siberian Sea coast. Permafrost degradation on 

the Karskoe Sea may substantially increase the coastal 

erosion due to which the coastal area annually recedes 

by 2 – 4 metres. Thawing permafrost in Novaya Zemlya 

(New Land) regions where radioactive waste repositor-

ies are located is especially dangerous. However, the 

exploitation of permafrost – based engineer facilities 

and constructions located in the vast territories of Ya-

kutia and West Siberia has been adjusted to modern 

climate and, as such, will be hardly affected by those 

processes.

30 O.A. Anisimov, S.A. Lavrov, 2004. Global warming and thawing 
permafrost: risk assessment for TEK industrial units. TEK Technologies 
(3): 78-83.

Model Total permafrost area Continuous permafrost zone  

2030 2050 2080 2030 2050 2080

CCC 89 % 87 % 81 % 86 % 81 % 74 %

HadCM3 90 % 85 % 78 % 84 % 76 % 62 %

GFDL 89 % 82 % 77 % 82 % 71 % 59 %

NCAR 87 % 81 % 76 % 79 % 66 % 56 %

Prognosis for shrinking the permafrost area of earth’s surface layers in the North Hemisphere 
according to various general atmosphere circulation models (GCM), 
(percents are given as of the present day situation).

Anisimov O., Reneva S., Permafrost and Changing Climate: The Russian Perspective. Ambio Vol. 35, No. 4, June 2006 р. 169-175_ Royal Swedish 
Academy of Sciences 2006   http://www.ambio.kva.se 
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In the northern part of the high risk zone the strongest 

threat is possible damage of foundations of houses and 

constructions in the permafrost area due to the decrease 

of its carrying capacity. In the southern part of the high 

risk zone potential threats are mainly connected with ap-

parent unevenness of the ground shrinkage caused by 

the ice melting and melted materials being carried out 

thus forming the thermo-karst shrinkage craters. Those 

processes are mainly threatening linear constructions 

(e.g., roads, take-off and landing strips and pipelines) 

crossing the intensively developing thermo – karst ter-

ritories.  

Earlier in the report we were discussing the climate 

impacts on permafrost. However, changes in permafrost 

may, in their turn, increase the global warming proc-

esses. This problem was intensively discussed in mass 

media; some people argued that thawing permafrost 

would release a big amount of methane, which is 20 

times as much “greenhouse gas” than СО
2;
 as a result, 

the warming effect would substantially increase. Recent 

research of Russian scientists has demonstrated that 

these fears are exaggerated. The data indicates that 

although permafrost methane emissions in Russia are 

increasing they will hardly affect the climate. According 

to the assessment data, by 2050 the additional rise in 

earth’s temperature caused by this particular mecha-

nism will not exceed 0,01°С31.

31   Anisimov O. A. Potential feedback of thawing permafrost to the 
global climate system through methane emission. Environ. Res. Lett. 2 
(2007) in print (7pp)

Risk map for buildings and constructions in the permafrost zone 
(calculations made in accordance with GFDL climate scenario)
1 – small, 2 – medium, 3 – high

Anisimov O., Reneva S., Permafrost and Changing Climate: The Russian Perspective. Ambio Vol. 35, No. 4, June 2006 р. 169-175_ Royal Swedish 
Academy of Sciences 2006   http://www.ambio.kva.se 
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Both climate change and changes in the environment 

caused by climate change are affecting difference 

spheres of human activities, the economy making no 

exception. Nevertheless, the scope of those impacts 

is rather complicated, and the secondary effects of-

ten make stronger impact than the primary ones. For 

instance, the heating costs are generally decreasing, 

however, there are rapid peak loads falling on especial-

ly hot days and being caused by the use of conditioners. 

Thus, economic sectors and sectors directly depending 

upon natural and climatic conditions, including agricul-

ture and forestry, water supply systems, buildings and 

engineer constructions, transportation infrastructure in 

the permafrost zones, are obviously most vulnerable to 

climate change. If the temperature raises by several de-

grees the operation of thermal electric stations, metal-

lurgical and oil – processing enterprises etc. will hardly 

be affected. However, climate change will make indirect 

impact on the work of almost all economic fields. 

This chapter is mainly focused on the agriculture is-

sues and lack of water problem, the latter, in its turn, be-

coming the most destructive consequence of the global 

climate change for the South of Russia and neighbour-

ing regions.

For the global agriculture, the degradation of land and 

water resources caused by climate change may lead to 

growing foodstuff shortage for the increasing population 

of the planet, which will negatively influence the food 

safety. Global warming by 2 – 3 0С may become the wa-

tershed: in the even of rise in temperature making less 

than 2 – 3 0С agriculture production volumes will hardly 

be affected; however, if the temperature rises in more 

than 3 0С the volumes of agriculture production will sub-

stantially decrease1. The unfavourable consequences 

will generally prevail in both cases. Nevertheless, the 

scale of those consequences directly depends on the 

extent to which the humankind manages to restrain the 

climate change. By the second half of the century it may 

be either 15% level or 50%2. 

1 Parry M.L., Arnell N.W., McMichael T., Nicolls R., Martens W.J.M., 
Kovats S., Livermore M., Rosenzweig C., Iglesias A., and Fischer G. 2001. 
Millions at risk: defending critical climate change threats and targets. 
Global Environmental Change v. 11, Pp. 181-183.
2 The First Ten Years, UNFCCC, 2004, p. 69.  www.unfccc.int

The poorest nations are most vulnerable to climate 

change and they suffer from it even now. For some 

countries losses from catastrophic climate events 

may make as much as 5% of GDP while by the 

end of the century, given all indirect losses includ-

ing social problems and migration, those losses 

may make even 15–20%3. Agriculture and people’s 

heath, taking into account the growing number of 

the population, are the most problematic issues.  

The most vulnerable countries need help to adapt 

to climate change. However, it is the timely reduc-

tion of global greenhouse gas emissions that will 

strategically solve the problem.  

3.1 Impact on economy and power 
engineering 

Economy of Russia. For a small number of coun-

tries, including Russia, in the event of global warming 

by 1-1,50С a little positive net effect may be observed; 

however, it may become negative if the global tempera-

ture rises in 2-30С4. Russia’s southern regions as well 

as the neighbouring countries may be damaged even 

now. However, the damage is mainly caused not by av-

erage temperatures so far but by the increase in the 

number and force of dangerous hydrometeorological 

events, e.g., hurricanes, floods, heat waves, etc. 

3 Stern N., 2006. The Economics of Climate Change. Cambridge 
University Press, 610 pp.  www.sternreview.org.uk
4 Stern N., 2006. The Economics of Climate Change. Cambridge 
University Press, 610 pp.  www.sternreview.org.uk
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The escalation of damage caused by floods and heat 

waves in Europe could be a good example. In 2003, 

35 thousand people died, losses in agricultural products 

having made 15 billion dollars. In Great Britain the an-

nual damage caused by storms and floods makes 0, 1% 

of GDP, in the nearest decades it may make as much 

as 0, 2 – 0, 4% of GDP (3 – 6 billion dollars as of 2003 

prices). For the U.S.A. the escalation of wind of tropical 

hurricanes by 5 -10% is practically of GDP. As a result, 

by the middle of the century annual direct losses caused 

by extreme weather events will make 0, 5 – 1% of global 

GDP5. 

There is no such assessment data for Russia and the 

neighbouring countries yet although some economic 

research has already been conducted. EMERCOM’s 

annual state reports provide us with diverse and con-

tradictable damage assessment data. In particular, in 

1999 the value of economic damage caused by dif-

ferent kinds of dangerous weather phenomena was 

assessed at 19,02 billion roubles (771 million dollars) 

making 8,8 billion roubles (313 million dollars) in 2000 

and 33,08 billion roubles (1,13 billion dollars) in 2001. 

One should take into account that this data charac-

terises the official economic damage presented in the 

reports of subjects of the Russian Federation. At the 

same time, according to EMERCOM report in 2002, 

the damage caused exclusively by floods and related 

events was assessed at 100 billion roubles6.doubling 

the country’s annual losses making about 0, 15% of 

5 Stern N., 2006. The Economics of Climate Change. Cambridge 
University Press, 610 pp.  www.sternreview.org.uk
6 Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p. 20.

GDP (approximately 15 billion dollars). In the nearest 

decades the escalation of damage caused by storms, 

hurricanes, floods, droughts and heat waves will be 

making more than 0,1% 

According to the independent assessment of the ex-

perts from different branches of economy – i.e., power 

engineering, gas industries, communications, agricul-

ture, water resources and forestry, river transportation, 

civil aviation, municipal communal services (taking 

Moscow as an example) who participated in the World 

Bank’s research – the average annual direct economic 

damage done to those fields of economy was assessed 

at 58 billion roubles (as of 2003 prices)7. 

While global average annual losses amounted to 1, 

02 billion dollars in 1965-1969 and 17, 2 billion dollars 

in 1985-1989 (almost 17 times as much), in 1995-1999 

losses made 75,9 billion dollars per year8. 

In the global perspective the principle “the chain is as 

strong as its weakest link” can be applied to the dam-

age caused by climate change; thus, the regions which 

are more prone to, say, droughts will be damaged more 

seriously than drought – free territories. That is why it 

seems reasonable to presume that Russia’s southern 

regions, states of Central Asia, North China and Mon-

golia will be damaged more than the world on average 

– not by 0,5-1% of the regional GDP but by several per-

cents.

Most experts consider reduction of heating season 

as immediate positive climate change effect for Rus-

7 Tsirkunov, Vladimir, Sergey Ulatov and Alexander Korshunov. 
Assessment of Economic Efficiency of the National Hydrometeorological 
System Modernization Project. // World Bank Working Paper. – 2004.
8 Natural Disasters in the World. Statistical Trend on Natural Disasters. 
National Land Agency: Japan, IDNDR. Promotion Office. 1994.

Region
Changes in annual heating costs 
(days*degrees)

Changes in annual cooling costs  
(days*degrees)

Russia –935 +358

Europe –667 +310

North America –614 +530

(days*degrees) = the number of heating or cooling days; each day is multiplied by the difference of outer air temperature and 

“basic” comfortable temperature of 180С. The option of less comfortable living conditions (i.e., changes in “basic” temperature or air 

humidity) was not taken into account.

According to Warren, R., N. Arnell, R. Nicholls, et al. (2006): ‘Understanding the regional impacts of climate change’, Research report prepared for the 
Stern Review, Tyndall Centre Working Paper 90, Norwich: Tyndall Centre, available from http://www.tyndall.ac.uk/publications/working_papers/twp90.pdf

Possible reduction of heating costs and the increase of cooling costs over the nearest decades
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sian economy. This will allow reducing fuel expenditure 

and, consequently, the demand for fuel which could be 

considered as additional positive effect given growing 

prices for fuel and decrease of fossil fuel resources. Av-

erage reduction of heating season will make 3-4 days a 

year by 2015 making 5 days in the South of Kamchatka, 

Sakhalin and the Primorie Territory9. 

By 2025, the duration of heating season will decrease 

by 5% for most Russia’s territories. In southern regions 

of European Russia and Far East north – western re-

gions the heating season will be reduced by 10 %. This 

will allow saving 5 – 10 % of fuel. By the middle of the 

XXI century the heating season in Central Russia will 

reduce by 5 – 10 % making 20% in southern regions of 

European Russia, northern regions of Siberia and Far 

East thus allowing saving 10-20% of fuel10.

However, it seems impossible to fully use this posi-

tive climate change effect due to increasingly unstable 

weather conditions during different time periods: unfa-

vourable short-term events like unseasonable abnor-

mally warm and cold weather, frosts, strong wind 

and snowfalls will happen more often both within the 

heating season and afterwards. Thus, additional energy 

and fuel resources may be needed11.

Over the last two years the winter weather has gradu-

ally become more unstable. In winter 2005 – 2006, 

protracted frosts happened in the European regions of 

Russia and in the Ukraine. Electric power and heating 

systems were operating to the last degree of their pow-

9 Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p. 37.
10 Fourth National Report of the Russian Federation on compliance with 
UN Framework Convention on Climate Change and Kyoto Protocol, 2006. 
Roshydromet, M., P. 85, www.unfccc.int
11 I.G. Gritsevich, CENEF, 2007.

ers; there was lack of gas fuel in those regions so some 

facilities were forcedly switched off. Those events ech-

oed in Italy where there were problems with natural gas 

supply.

Everyone was afraid of similar situation repeating 

in winter 2006-2007; precautionary plans of the “fan-

shaped” switching off electric power were developed. 

However, last winter turned out surprisingly warm; and, 

more importantly, there were no long-term frosts; so 

energy supplying companies managed to save large 

amount of fuel. Nevertheless, no one knows what will 

happen in the nearest years.

As mentioned in the previous chapter, due to changes 

in precipitation regime it may be necessary to heave and 

brace the dams and other hydrotechnical facilities pro-

tecting the adjacent territories from the consequences 

of natural disasters.

Due to changes in soil conditions (e.g., thawing per-

mafrost, the increase of subsoil water level, floods, etc.) 

the operational load of various technical constructions, 

e.g., pipe lines, will increase; besides, due to changes 

in rivers’ flow and ice regime the underwater sections 

of those constructions will be threatened. As a result, 

different damages and accidents leading to oil outflows 

and gas emissions may become more frequent; this 

situation is especially threatening Russia’s northern re-

gions where pipe lines are mainly located.

During late autumn and early spring, with thaws and 

frosts becoming more frequent, the exploitation condi-

tions of buildings have already been worsening and 

their operation life has been shortening in the number 

of Russian regions (i.e., European regions, the Primorie 

Territory etc.). By 2015, this trend may lead to twofold 

reduction of the buildings’ pre-repairing exploitation pe-

riod12.

All those events will require additional construction 

materials and works and bracing bearings and founda-

tions of the buildings. As a result, additional building 

materials – cement and metals will be in demand. All 

those materials are energy consuming; their production 

requiring much electric power.

At the same time the hydropower engineering will 

benefit from the increase of northern rivers’ flow as gen-

eration of electricity directly depends on the amount of 

water. The aluminium industry as a big electricity con-

sumer will also benefit from this situation because its 

12 Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p. 39-40.
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enterprises are mainly built near hydroelectric power 

stations; besides, due to technological reasons those 

enterprises must be regularly supplied with electricity. 

Changes in atmosphere circulation may lead to the 

twofold reduction of the wind energy potential in Eu-

ropean Russia, southern regions of Siberia and Far 

East13. 

Climate change will impact the timber industry com-

plex even. On the one hand, according to scientific 

prognosis, during the nearest 30 – 40 years the global 

climate change will not lead to the rapid worsening of 

conditions required for the normal growth and develop-

ment of the main timber species in Russia14. On the oth-

er hand, warm winters may activate pests; it has already 

happened in Archangelsk region. During warm winter of 

2006-2007 there emerged serious problems connected 

with timber transportation in Kostroma region. If the cut 

down timber is not transported out there may be not 

only losses of timber; but it may create the conditions 

for timber pests reproduction.  

Climate change may increase the number of forest 

fires. By 2015, for most Russian territory the number of 

high fire risk days will increase by 5 days per season. 

High fire risk situation will be the longest (more than 7 

days per season) in southern regions of Khanty – Mansi 

autonomous county as well as in Kurgan, Omsk, Nov-

osibirsk, Kemerovo and Tomsk regions, Krasnoiarsk 

and Altai territory and the Republic of Sakha15. 

According to experts, economy of China is very sen-

sitive to climate change. The country’s economic vul-

nerability is primarily conditioned by uneven distribution 

of water resources which are in abundance in South 

China while western and northern regions suffer from 

water shortage and deserting. Climate change causes 

melting of glaciers that feed the most of main Chinese 

rivers. Typhoons and storms, which always affected 

economy of the China’s coastal area, are currently be-

coming more frequent and intensive. These trends will 

gradually gain strength in the future.   

The instable water supply may intensify the food 

problem which is socially important for China given 

the number of its population. Water resources play a 

13 Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p. 38. 
14 Fourth National Report of the Russian Federation on compliance with 
UN Framework Convention on Climate Change and Kyoto Protocol, 2006. 
Roshydromet, M., P. 85, www.unfccc.int
15 Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p. 13. 

crucial role in agriculture, housing sector and commu-

nal services as well as power engineering and some 

other industries; one should take into account that it is 

China where the world’s largest hydroelectric power 

station is being built on the Chang Jiang River.  Ex-

perts are currently exploring climate change impact 

on Chinese economy and different scenarios of power 

engineering development for the nearest decades. 

The special IEA report will focus on those particular 

issues16. 

The problem of the water resources shortage and 

unevenness in its supply is especially crucial for the 

economy of Central Asian countries; it is especially 

true for the regions where mountain glaciers supply riv-

ers with water while valleys are covered with deserts 

suffering from erosion and saline soils.  As a result, in 

the mountain and foothill regions the danger of destruc-

tive mud flows will increase which should be taken into 

account when building new houses and settlements; 

besides, it will be necessary to undertake measures to 

protect already existing towns and settlements.  

The parched Aral Sea is the world – known tragic ex-

ample of the lack of fresh water and man’s impact (for 

analysis of this case in terms of water resources see the 

previous chapter). The former Muinak harbour is now 

separated from the water by 150 km of sands. At first fish 

processing plants were processing the imported fish but 

then the life there just stopped and people had to leave. 

Now only ship frames and abandoned towns remind us 

about history of this place. Moreover, the bare sea bot-

tom has become a powerful source of salt aerosols; the 

latter have been spreading around covering big distanc-

es, negatively affecting people’s health and increasing 

ice melting processes. The climate-linked problems of 

Central Asia seem to have more social than economic 

character; for more detailed analysis of these problems 

see chapter 4.

3.2 Impact on agriculture 
Given changes in the growth of the world’s population 

(making 0, 5 billion people in 1650; 1, 6 billion people 

in 1900; 3, 6 billion people in 1970; 5, 4 billion people 

in 1991; more than 7 billion people in 2007) one may 

assume that it may be necessary to expand arable land 

areas. The cultivated land oxidising the soil’s organic 

substance emits a great amount of СО
2 
to the atmos-

phere. 

16 World Energy Outlook 2007, China and India Insights, IEA, 2007 (in 
print), www.iea.org 
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Unlike Russia, Central Asia and China are character-

ised by the high birth rate and population growth. These 

factors will exacerbate agricultural problems resulting 

from more frequent and stronger droughts and extreme-

ly high temperatures. 

Since 2000 in China the total area of land suffered 

from droughts (i.e., the Capital area, North China and 

Inner Mongolia) has been expanded by 6, 7 million hec-

tares; besides, more lands have been suffered from 

sand storms17.

In Mongolia drought periods have become more 

frequent and intensive. Droughts of 1999 – 2000 hap-

pened to be particularly devastating: 70% of pastures 

were destroyed and almost 12 million farm animals 

17 Zhai, P. and X. Pan, 2003: Trends in temperature extremes during 1951-
1999. China. Geophys. Res. Lett., 30, 1913, doi:10.1029/2003GL018004; 
Zhou, Y.H., 2003: Characteristics of weather and climate during drought 
periods in South China. Journal of Applied Meteorological Science, 14, 
S118-S125. 

died. During the last years the total number of farm ani-

mals increased while the pastures were exhausted. The 

total number of farm animals has rapidly increased after 

the privatisation of flocks resulting from the collapse of 

collective farms and centralised management system 

in the country thus leading to serious pasture exhaus-

tion. All these factors shaped the economic background 

for the mass losses of livestock, droughts having made 

their own fatal contribution to those processes18. 

The aggregate assessment of the climate change 

problems related to water resources and foodstuff dem-

onstrates that crop capacity in the above – mentioned 

regions may rapidly decrease even if the global tempera-

ture rises by 20С. The catastrophic situation will presum-

ably occur in 2030. According to the worst scenario (if 

18 Batima, P., L. Natsagdorj, P. Gombluudev and B. Erdenetsetseg, 
2005: Observed climate change in Mongolia. AIACC Working Paper, 13, 
25 pp. 

Rise in global 
average 
temperature 
taking early XX 
century as a 
baseline 

Water resources Foodstuff

1°C Small mountain glaciers will be totally melted out 

thus causing water supply problems for 50 million 

people.

In the middle latitude regions grain crops will 

slightly increase.

2°C In particularly vulnerable regions, e.g., in South 

Africa, Mediterranean countries, Central Asia, North 

India and China, water resources will be reduced by 

20-30%.

In some tropical regions and developing countries 

being prone to droughts the number of grain and 

forage crops will rapidly decrease. 

3°C Every 10 years South Europe suffers from severe 

droughts. 1-4 billion people are forced to reduce 

water consumption while 1-5 billion people live in 

high flood risk zones.

Famine is threatening another 150 – 550 million 

people. In the high latitude regions harvests are 

reaching their peaks. 

4°C Water resources of South Africa, Mediterranean 

countries, Central Asia, North India and China may 

be reduced by 30-50%.

In some tropical regions and developing countries 

being prone to droughts the number of grain and 

forage crops will decrease by 15-35%. Many 

regions will be deprived of agricultural sector. 

5°C Large glaciers in Himalayas may be totally melted 

out thus causing water supply problems for one 

fourth of China’s population and hundred million 

people in India. 

The continuous increase of ocean acidity is 

threatening marine ecosystems and, possibly, 

some fish species.

Stern N., 2006. The Economics of Climate Change. Cambridge University Press, 610 pp.  www.sternreview.org.uk

The aggregate assessment of problems related to water resources and foodstuff and caused by the 
climate change in different number of degrees
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the global temperature rises by 40С), in the second half 

of the century most territory of Central Asia may totally 

lose the agricultural capacity based on modern technol-

ogies. The implementation of advanced cultivation and 

melioration technologies and new species of industrial 

and forage crops and cereals will be required; this being 

extremely expensive for the developing countries.

Climate change impacts on the Central Asia’s and Chi-

na’s economy and agriculture will be much stronger and 

more negative as compared to Russia. It may cause seri-

ous food and social problems, “climatic” migration of mil-

lions of people, escalation of diseases, etc.  Chapter 4 is 

devoted to the detailed consideration of these problems.  

Russia. At the moment the global warming impact 

on Russian agriculture is currently assessed as favour-

able. It has already considerably reduced the number 

of winters with low air temperatures threatening winter 

crops. In many regions the vegetation period has in-

creased by 5 – 10 days. The vegetation period for field 

crops has been lasting longer. For instance, in Stav-

ropol territory due to climate change the rated grain crop 

capacity has increased by 30%. However, the duration 

of frostless period on the whole remains the same 

except north – eastern part of North – Western Federal 

County as well as Central and the Volga Federal Coun-

ties where the frostless period has been reduced by 

5–15 days on average19.

Analysing the climate change impacts on the agri-

culture one should clearly distinguish what is hap-

pening now from what will happen in the future. This 

distinction is crucially important: for most Russian 

territory the general trend is expected to change 

from slightly positive to substantially negative. For 

detailed discussion see the next chapter.

Some weeds may spread to the higher latitude regions. 

There is evidence suggesting that the spread of plant 

19 Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p.47.  

diseases and pest insects towards the Poles may de-

teriorate the grain and forage crop capacity of those terri-

tories20. In several eastern and southern regions of Russia 

drought periods have become more frequent thus deterio-

rating their grain and forage capacity. Droughts are directly 

affecting the forage reserves thus leading to reduction of 

the total number of farm animals and mass losses of wild 

animals. Thus, in 2002 summer drought in Chita region 

destroyed 70% of crops; due to the fodder shortage the 

total number of farm animals considerably went down. 

If СО
2
 concentration in the atmosphere is doubling 

(from 275 to 550 voluminous fractions per million) the 

primary output may increase all over European Russia 

from 0,5 tonnes / hectare in the steppe area to 0,1–0,2 

tonnes / hectares per year in the ecosystems of south-

ern tundra regions21. Similar productivity trends within 

the Russia’s territory have been identified in the study 

of evaporation trends during the second half of XX cen-

tury based on the correlation between evaporation and 

annual overground primary output22. Due to the growing 

concentration of СО
2
 the biomass will actively grow but 

up to the certain point. Then the fertilising effect of СО
2 

will get to the “plateau” while heat, droughts and other 

extreme weather events will negatively affect the grain 

and forage crop capacity.

The agricultural area (with the sums of temperatures 

making 1000 0С) will be expanded approximately 1, 5 

times as much. Besides that, the large territory allows 

to redistribute sown areas23. For Russia, however, the 

expansion of agricultural area does not limit anything: 

on the contrary, over the last two or three decades the 

former agricultural territories are being abandoned. 

20 Climate Change. Set of information cards on climate change, M.: 
UNEP, UN FCCC, 2003. p.10.
21 E.A. Denisenko, D.V. Turkov. Climate change impacts on the 
ecosystems of the European Russia. Newsletter of the Russian Academy 
of Science, Geography. 2004. № 1.
22 A.A. Minin. The earth’s climate and ecosystems: interaction and time 
and space variability of conditions. Science and technology summary, 
Meteorology and climate studies. – M.: VINITI, 1991. Vol.19.
23 Yu. A. Israel, O.D. Sirotenko. Making models of climate change 
impacts on agriculture efficiency in Russia. Meteorology and hydrology, 
2003, № 6.

Sown area for grain and forage crops 
(for all types of farms, million hectares)

Years 1980 1990 1995 2000 2003

Area 124,8 117,7 102,5 85,4 79,6
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Thus, since 1980 the agricultural area has become 1, 6 

times smaller, or it was lessened by the giant square as 

45 million hectares24. 

Unlike many developed countries, for Russia the low 

agricultural effectiveness is crucial. Not only can the in-

24 S.N. Bobylev, Climate change impact on agriculture and water resources 
in Russia – M.: Fund “Protection of the environment”, 2003, P. 35

tensified agriculture totally overcome negative impacts 

of climate change but also increase its productivity by 

more than 80% even if the increase of СО
2
 concentra-

tion in the atmosphere is not taken into account25. Nev-

25 Yu. A. Israel, O.D. Sirotenko. Making models of climate change 
impacts on agriculture efficiency in Russia. Meteorology and hydrology, 
2003, № 6.
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Materials for Strategic prognosis for climate change in the Russian Federation in 2010-2015 and its impact on Russian economy, 2005. Roshydromet. 
M.: p. 53. The calculations are based on HadCM3 A1FI scenario (Hedley Centre, meteorological service of England).

Climate change impact on the grain and forage crop capacity dynamics (deviations presented 
in percents taking the existing level as a baseline) for different economic and geographical regions 
of Russia by 2020
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ertheless, it may be so only if productivity is studied in 

isolation from the possible increase in the number of 

unfavourable weather events. Droughts, deserting, soil 

erosion and salting, frosts and thaws may totally dimin-

ish positive effect. However, none of the models can 

currently predict the real course of events. Thus, there 

remains only one thing to do, that is, to organise special 

monitoring of any rapid changes in ecosystems. The 

general climate change trend for the country may 

be characterised as “the dry warming”26. 

The expected increase of droughty periods in the re-

gion may deteriorate the crop capacity of the main grain 

farming regions. If existing agricultural technologies are 

not up-graded the grain and forage crop capacity of the 

North Caucuses, the Volga region, the Urals, Central 

Black-Soil region, southern regions of West Siberia and 

the Altai Krai may be considerably deteriorated. Thus, 

in the North Caucuses the grain crop capacity may 

drop to 22% of the existing grain crop level. In the 

Volga region, the Urals and southern regions of West 

Siberia the grain crop capacity may lower to 13, 14 and 

12% of the existing grain crop level respectively. As 

soils in the Central Black-Soil region are moist enough 

the grain and forage crop capacity of this region may 

decrease in smaller volume: by 7 – 7,5 %27. 

Climate change impact on the grain and forage crop 

capacity dynamics (deviations presented in percents 

taking the existing level as a baseline) for different eco-

nomic and geographical regions of Russia by 2020

Deserting and soil salting processes may become 

stronger; they already are in progress in southern re-

gions of Russia and neighbouring countries. The more 

or, on the contrary, the less salted soils are the more 

likely they will be abandoned. The total area of such 

soils in Russia amounts to 56 million hectares (45,5 mil-

lion hectares in dry steppe and 11,5 million hectares in 

semi-desert zones) making more than 12,7% of the total 

agricultural area (more than 440 million hectares) and 

29,4% of the arable land area28. Less salted soils may 

gradually be transformed into salted ones. The process-

es of weathering and washing out organic substance of 

the soil are likely to become stronger. 

26 S.N. Bobylev, Climate change impact on agriculture and water 
resources in Russia – M.: Fund “Protection of the environment”, 2003, P. 
35.
27 Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p. 49.   
28  A.V. Stetsenko. Chances to prevent negative impacts on agriculture 
by means of economic mechanisms stipulated by Kyoto protocol. – M.: 
MAKS Press, 2005, p. 36.

Soil respiration is one of the factors affecting the con-

centration of organic matter in the soil and its transition 

to the atmosphere as СО
2. 

  Anaerobic (oxygen free) 

bacteria participate in the process of decomposition of 

the soil’s organic matter thus accumulating organic stuff 

and gathering humus substances in the soil. Ploughing 

up the land increases the soil aeration thus changing the 

correlation between aerobic (oxygen) and anaerobic mi-

croorganisms in favour of aerobic microorganisms. The 

latter also participate in organic decomposition but this 

process takes place in the oxygen environment. Aerobic 

microorganisms contribute to the oxidisation of organic 

matter and its transformation into СО
2
 which is then 

emitted in the atmosphere. One could say that after the 

land is ploughed up the organic matter volatilizes from 

the soil. The biggest losses of the soil’s organic mat-

ter are caused by erosion, growing mineralisation and 

oxidising processes. For instance, the biggest losses of 

humus can happen after the cultivation of virgin land 

making 30-40% during the first year. Losses of the soil’s 

organic matter (humus) deteriorate plants’ capacity to 

absorb necessary nutritious elements from the soil thus 

lowering plants’ productivity and crop capacity.

Those studying the range of humus losses in Russia’s 

arable lands usually refer to V.V. Dokuchaev’s writings. 

He discovered composition and distribution of humus 

in the black-soil zones of European Russia and com-

piled the map of isohumus belts. This map shows the 

territories with maximum humus rate of 13-16%. At the 

moment there are no soils with such high humus rate in 

Russia anymore.

According to the 1990 VASKhNIL’s (All-Russian State 

Academy of Agricultural Sciences) generalised data, as 

compared to Dokuchaev’s evidence of 1883, the humus 

rate of arable land in the Central Black-Soil economic 

region has decreased from 10-14% to 7-10%29. Over 

the last 100 years considerable humus losses were 

stated to have occurred in black soils of eastern part 

of the Russian Valley. In the Volga region and the Pre-

duralie Territory the humus rate has decreased from 

13-16% to 7-10% and from 10-13% to 4-7% respec-

tively. In Russia’s central regions the humus rate has 

decreased from 10-13% to 7-10%. Over the last 100 

years the decrease in the number of humus reserves in 

the soil’s arable layer of 0 – 30 cm has made 90 tonnes 

/ hectares (0,7-0,9 tonnes / hectares per year) in the 

black soils of forest-steppe zones and 50-70 tonnes / 

29  I.N. Lozanovskaia, D.S. Orlov, P.D. Popov. Theory and practice of 
organic fertilizer usage. M.: Agropromizdat, 1987, p. 97.
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hectares (0,5-0,7 tonnes / hectares per year) in steppe 

zones. Similar data is available on other soils30.

As early as the late XIX century V.V. Dokuchaev 

proposed the problem solution based on more than 

one hundred years’ experiment at “Stone steppe” farm 

which would prevent erosion processes, stabilise and 

increase the crop capacity and create climate change 

– proof agriculture. In that household the average crops 

were regularly better than in the neighbouring farms. 

One should find and comply with the right correlation of 

arable land, water and forest. For instance, 15 – 20% of 

the forest belts and 5 – 10% of water reservoirs would 

make a perfect correlation for the Russia’s steppe zone. 

Another 5 -10 % of the territory should be given for set-

tlements and roads while the rest would be occupied 

by arable land. Unfortunately, the modern correlation is 

totally different. In Russia’s southern regions the aver-

age share of the forest territory makes no more than 

2% of the agricultural area. As Dokuchaev’s ideas were 

implemented in Voronezh region the situation there is 

slightly better with the share of forest making 4% of the 

agricultural area.

Protective forestation restores the soil and increases 

the bio-climatic potential of neighbouring territories as 

sustainable microclimate is developed. The unified for-

estation system with sustainable microclimate contrib-

utes to climate stabilisation within vast territories. For-

est belts create favourable conditions for sustainable 

agriculture and enhance the crop rotation potential as 

compared to the open fields. The average crop capacity 

of the territories protected by the forest belts is 18-23%, 

20-26% and 29-41% higher for the grain crops, indus-

trial crops and forage crops respectively as compared 

30  D.S. Orlov, I.N. Lozanovskaia, P.D. Popov. The organic matter of soil 
and organic fertilizers. M.: MGU, 1985. p. 99.

to the open fields31. Biodiversity is also enhancing since 

both plant pollinating insects and mammals (hares, fox-

es etc.) are benefiting from this microclimate.     

At the moment the shares of the North Caucuses, the 

Volga region, the Urals, southern regions of West Si-

beria, the Central Black – Soil region in the gross grain 

crops are making approximately 19,3 %, 17,6%, 15,7%, 

13,7% and 10,6% respectively. 

If aridity in the main grain producing regions of 

Russia increases and protective measures are not 

undertaken, the grain losses for the whole country 

may make approximately 11% by 201532. By the mid-

dle of the century total losses may make up to 20% 

and more taking the present day crop capacity rate 

as a baseline. 

In the zones where droughty periods are most likely 

to be strengthening (i.e., the North Caucuses, the Volga 

region, Rostov and Volgograd regions, steppe regions 

of the Urals and West Siberia) the adaptation measures 

should mainly focus on sowing aridity – proof cereals 

like corn, sunflower, millet etc. and winter crops.

In those regions irrigation works and protective meas-

ures aiming at saving water resources should be un-

dertaken in good time along with wide implementation 

of water saving technologies and creation of protective 

forest belts.

31 O.G. Kotliarova, E.G. Kotliarova. Forest melioration in landscape 
agriculture systems / Agro Forest Melioration: problems, solutions, 
perspectives. – Volgograd, VNIALMI, 2001. – P. 118-120. (See the table 
“Grain crop productivity dynamics in eastern districts of Belgorod regions 
in 1981-2000”).
32 Materials for Strategic prognosis for climate change in the Russian 
Federation in 2010-2015 and its impact on Russian economy, 2005. 
Roshydromet. M.: p. 49. 
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Affecting the world globally the climate change entails 

substantial negative consequences for the most vulner-

able areas like the Arctic Region, deserting areas, the 

island and coastal densely populated territories. Climate 

change is directly affecting those regions by increasing 

the number of abnormally high and / or low tempera-

ture days, floods, storms, typhoons etc. The indirect 

impacts include the impact of environmental and socio 

– economic factors (e.g., the expansion of the arid ter-

ritories, the decrease of quality fresh water amount, the 

emergence of “new” diseases etc.) as well as energy 

poverty. 

Oxfam has conducted several studies in the devel-

oping countries on different continents; the research 

results demonstrate that the tangled web of problems 

of poverty, limited access to electric power and fresh 

water, and gender is negatively affected by the climate 

change1. According to the Christian Aid report2, the cli-

mate change is threatening billions of the poorest peo-

ple causing the spread of malaria and other diseases in 

Africa, more frequent droughts and related problems in 

Kenya, floods and the increase of ocean level in Bang-

ladesh. 

Reducing poor peoples’ vulnerability to climate im-

pacts will require additional resources both to ‘climate-

proof’ their assets and livelihoods, and to ensure that 

new development investments integrate climate con-

cerns. This means that both national adaptation plans 

and strategies and international financing from those 

countries most responsible for climate change and ca-

pable of assisting will be necessary.

One of the Millennium Development Goals, adopted 

by the UNO member countries, stipulates the twofold 

decrease in the number of the world’s poor by 2015. In 

this regard the access to energy resources is becoming 

crucial.  At the same time the climate change imposes 

1 “Drought Management Considerations for Climate Change Adaptation 
in the Mekong Region: Part 1, Vietnam”, by the People’s Committee of Ninh 
Thuan, Oxfam-Vietnam and the Graduate School of Global Environmental 
Studies of Kyoto University, Japan, 2007. See http://www.oxfam.org.uk/
resources/policy/climate_change/downloads/ninh_thaun_research.pdf 
See also “Up in Smoke? Asia and the Pacific” by the UK Working Group 
on Climate and Development  at http://www.oxfam.org.uk/resources/
policy/climate_change/asia_up_in_smoke.html
2  The Climate of Poverty: Facts, Fears and Hope. Christian Aid, 2007, 
http://www.christian-aid.org.uk/indepth/605caweek/index.htm 

the additional burden on the poorest groups of popula-

tion; it is especially true for the regions where people 

are lacking food and water and prone to AIDS and other 

serious diseases. 

It is the power engineering – to be more precise, the 

way it will be developing over the nearest decades – 

that appears to become the main “instrument” of solv-

ing climate change problems. All energy development 

scenarios indisputably proclaim that the energy poverty 

problem will be solved. However, it is still not clear how 

this postulate will be practically implemented as the 

power engineering is under the stress of forced mod-

ernisation and urgent need to reduce greenhouse gas 

emissions.

In this chapter we discuss four basic issues consist-

ently showing increasingly harsh and tragic climate 

change impacts on people’s lives: 

Energy poverty,  •

Climate change impact on people’s health,  •

Climate change as a risk factor for spreading con- •

tagious diseases, 

Forced migration.  •

The last and the hardest stage of climate change im-

pact is discussed on the basis of the data coming from 

Central Asia as this region is already facing lack of wa-

ter problems.

4.1 Energy poverty 
Global energy problems are mainly affecting the poor-

est groups of population. Having a limited access to 

energy as such they are also disadvantaged in terms 
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of access to the energy related benefits. The modern 

electric power supply is still unavailable for more than 2 

billion people.  Modern energy services are necessary 

to help poor peoples to comply with the rights – for good 

health (food and ways of its cooking), education, gen-

der equality, and livelihoods (agricultural development). 

Only clean energy technologies may provide for these 

rights to be fully observed. At the same time the existing 

ways of energy production, distribution and use serious-

ly affect the environment and people’s health thus jeop-

ardising the well-being of many regions and threatening 

world biodiversity. Besides, the unsolved problems of 

safe and sustainable oil and gas supply may escalate 

political instability in many regions thus increasing fu-

ture risks for the poorest countries.

According to 2007 WWF report, the existing energy 

production policies and energy development paradigm 

are generally incapable of adequately solving energy 

problems of the poorest regions3. Totally different ap-

proaches to satisfying rural people’s needs in the 

electric power are required for the most developing 

countries. It is necessary to have accessible and de-

centralised energy production and distribution systems 

oriented towards moderate demand and based mainly 

on renewable sources. In China, for instance, urban en-

ergy consumers actively subsidise connecting the rural 

energy producers and consumers to the central electric 

power network. 

Another WWF report prepared in collaboration with 

Oxfam4 
 
for the African countries shows that in Zambia 

and Kenya the hydropower can provide maximum bene-

fits at minimum negative costs. At the same time, due to 

the negative environmental and social legacy connected 

with the hydro energetic facilities more careful approach-

es to the hydropower problems should be chosen. 

WWF report demonstrates that the need in electric 

power can be technically satisfied without the sub-

stantial increase of greenhouse gas emissions. The 

report is based on IPCC A1B scenario (for more de-

tails see Chapter 1) in accordance with which the 

development gap between “rich” and “poor” coun-

tries will be eventually narrowing. 

It is assumed that by 2050 the average satisfaction 

of the needs in electric power (light, heat, usage of 

3  Climate Solutions. WWF’s Vision for 2050. – WWF Intl., 2007. http://
www.wwf.ru/resources/publ/book/220/
4  Meeting Africa’s Energy Needs – the Costs and Benefits of 
Hydropower. WWF 2006, http://assets.panda.org/downloads/
africahydropowerreport2006.pdf 

domestic electric appliances, communications etc.) 

will increase threefold.

In practical terms it means that by 2050 the aver-

age citizen of the planet will be provided with ap-

proximately the same number of electric power 

“services” as the current average citizen of OECD 

member-countries. 

The key difference is that the future energy “servic-

es” would require approximately a half of the power 

amount which would be currently used for the same 

kind of services.

4.2 Impacts on health, regional 
features and social consequences 

Northern regions. As it has already been mentioned, 

the strongest climate change consequences will be in 

the Arctic Region due to the danger of thawing perma-

frost and permafrost degradation. These phenomena 

can be epidemiologically dangerous as there may be a 

risk of the drain system deformation.   

Global warming has already been negatively affect-

ing the health and traditional environment of the North’s 

indigenous population. This phenomenon has been 

explored in details in North Canada where abnormally 

high air temperatures (up to 30о) caused changes in 

old people’s breathing function. Due to climate change 

there emerged problems of food preservation in the re-

gion; as a result, the number of intestinal diseases has 

increased. The number of other diseases may also in-

crease. There may be more hunt accidents as ice layer 

is getting thinner. There is no such research on Russia 

yet; however, the survey of Chukotka population con-

firmed that the local people fix negative consequences 

of climate warming.  

In the Arctic Region social impacts of climate change 

will be felt most by the indigenous minorities. Their so-

cial system has traditionally been oriented towards both 

social networking and maintaining people’s balance 

with the extremely vulnerable environment. The unique 

livelihoods of northern ethnic groups are based on tradi-

tional ways of use of nature being part and parcel of hu-

man’s culture and representing lasting and successful 

experience of local communities’ adaptation for living in 

the extreme environmental conditions, this experience 

being  totally different from the experience of the Euro-

pean civilisation over the last centuries.   

The spread of contagious diseases may be caused 

also by changes in usual trajectories of birds’ migration. 

Each year Alaska is now visited by the “exotic” Asian 

bird species potentially transmitting tropical fevers.
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Climate change creates favourable living environment 

in the regions which could not be inhabited before. Hav-

ing accidentally entered the new ecosystem by means 

of human activities certain species and microorganisms 

may successfully inhabit it. Thus, in Alaska several mi-

croorganisms were transmitted to the regions due to 

ships’ ballast water emissions. The alien species and 

new diseases may lead to catastrophic consequences 

for local people and fishermen. 

The decrease of the ice thickness is directly affecting 

people’s health causing traumas and deaths5. The great 

number of indigenous people’s deaths is caused by ac-

cidents. Many rural settlements in the Arctic Region are 

connected to other settlements only via sea or air. As 

the air communication is irregular in many regions each 

spring and autumn the settlements are isolated for a 

long time because there is too much ice in the water to 

go by boat; however, the ice cover is not thick enough 

to drive in a dog sledge or snow-tractors.   

During the periods when traditional ways of hunting, 

fishing and communication are not working there may 

be lack of foodstuff and other goods in some communi-

ties, people are running out of their emergency supplies. 

5  Furgal, C., D. Martin and P. Gosselin, 2002: Climate change in 
Nunavik and Labrador: lessons from Inuit knowledge. The Earth is Faster 
Now: Indigenous Observations on Arctic Environmental Change, I. Krupnik 
and D. Jolly, Eds., ARCUS, Washington DC, 266-300.

Besides, sudden storms may confine people in the set-

tlements. The growing feeling of isolation may increase 

the number of interpersonal conflicts, depression and 

other forms of social stress6.

Southern regions. In the southern regions of Euro-

pean Russia and the Urals the summer air temperature 

may substantially rise and the precipitation amount 

decrease thus causing more drought periods in those 

regions. The deserting process may increase the sick-

ness and death rates due to the growing amount of dust 

transferred from desert and semi-desert territories. Un-

der certain conditions the pollutants, including aerosols, 

carbon monoxide, ozone, desert dust, fungous spores, 

bacteria and pesticides may be spread to the extremely 

long distances. On the days after dust storms the death 

rate is increasing which is especially true for heart and 

respiratory diseases. 

Other social impacts include lack of water for drinking 

and sanitary purposes, salting soils, shortage of local 

foodstuff and, as a result, scarcity of proteins, microele-

ments and other important nutrition components. Even 

now in some regions of Kalmykia the daily average con-

sumption of water makes only 7 – 10 litres per person.      

During drought periods the number of contagious 

diseases may increase. Drought is also affecting some 

6  Ibid.
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mosquito – transmitted diseases. The activeness of mos-

quitoes is getting down and the number of people lack-

ing immunity against these diseases increases. When 

the drought period is over the share of people prone 

to those diseases is growing along with the number of 

infected people. However, droughts may increase the 

total number of mosquitoes due to the decrease in the 

number of mosquito eating animals. Besides, the short-

term increase of the risk of contagious diseases may be 

caused by stagnation and contamination of drain canals 

and small rivers.

4.3 Extreme weather events and their 
social consequences 

Social impacts of floods. Social impacts of floods 

obviously include destruction of houses, technical facili-

ties, industrial premises and electric power networks as 

well as high risks of contagious diseases’ outbursts (for 

more details see section 2.1). In Russia floods, storms, 

typhoons and hurricanes annually kill up to 1000 peo-

ple while the total number of people with traumas and 

post-traumatic shocks has not been calculated yet. 

Both adults and children may suffer from lasting psy-

chic disorders. Over the last years the natural disasters 

have been felt most by the low social status population 

of Yakutia, Stavropol territory, Krasnodar territory and 

Primorie territory.

Besides, floods have indirect consequences, e.g., 

the growing number of mosquitoes as the result of the 

territories submerging, activation of ticks and other car-

riers of contagious diseases along with the increasing 

contagious period, breakage of water pipes and drain 

systems; connecting to this, there may be a high risk of 

intestinal diseases in the flooded regions.  

Floods may also pollute the drinking water with indus-

trial weed- and pest-killers, petrol, oil etc. coming from 

broken industrial reservoirs.  For instance, in the USA 

hurricane Katrina caused oil leakage from oil process-

ing plants and reservoirs as well as toxic waste, pesti-

cide and metal emissions to the atmosphere.   

In spring and summer 2001 one of the earth’s largest 

floods occurred in Lensk (Sakha Republic)7. The flood 

on the Lena river destroyed sustainable livelihood and 

7  Here and thereafter the Lensk data is given according to: A.P. 
Protodiakov. Epidemiological and organisational grounds of measures 
ensuring sanitary and epidemiological wellbeing of the population during 
the liquidation of flood consequences (a case study of 2001 flood in 
Lensk): Summary of PhD thesis, M. 2007.

Climate change impacts on people’s health

Patz, J.A., McGeehin M. A., Bernard S. M., Ebi K. L., Epstein P. R., Grambsch A., Gubler D. J.,Reiter P. The potential health impacts of climate variabil-
ity and change for the United States: executive summary of the report of the health sector of the U.S. National Assessment. Environmental Health Per-
spectives, 108, 2000, p.367-376; A. Hyness, R.C. Kovats, D. Campbell – Landrum, K. Corvalan, 2004. Climate change and people’s health – impacts, 
vulnerability and adaptation. World conference on climate change. Moscow, September 29 – October 3,  2003. Conference papers. M. – P. 307-322.
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sanitary and epidemiological wellbeing of more than 

38 thousand people; president Putin defined its con-

sequences as “the large – scale tragedy”. In the upper 

Lena region the weather suddenly got warmer, abun-

dant rains resulted in the water level rise by 2 – 2,5 

metres. Within two hours the water level reached 20 

metres 03 cm – so far the highest point on record as 

compared to the minimum winter level. The broken ice 

packed the streets sweeping away buildings, roads 

and electric power lines. Lensk just ceased to exist, its 

infrastructure and oil factory were totally destroyed. 9 

thousand tonnes of oil poured out into the Lena River, 

several settlements were flooded by 80%.

On the whole 59 settlements and 39 thousand 

people in Sakha Republic suffered from the flood; 

8,5 – some thousand living houses, 304 communal 

infrastructure facilities, 26 social and cultural infra-

structure facilities,  293 industrial offices, 60 km of 

the roads, 46 bridges and 52 dams, 280 km of elec-

tric power lines, 239 transformer stations and boiler-

houses were totally destroyed. The great number of 

cattle and poultry died, arable lands and pastures 

were flooded up, and 320 agricultural facilities were 

damaged. The total damage was assessed at more 

than 7 trillion roubles.

80% of Lensk dwelling stock was damaged or de-

stroyed. 95% of the town territory was flooded up, 

the down town area totally surrounded by water. The 

water resources and artesian wells were seriously 

damaged; there was a real threat of Lensk water – 

bearing belts and drinking water being totally pol-

luted. To prevent intestinal diseases the operation 

of water pipes was suspended. Sewer pumps and 

cleaning facilities in the town were also flooded; the 

drinking water pollution increased the number of 

dysentery and intestinal diseases.

Due to the 2001 flood the hepatitis A rate in Sa-

kha Republic has increased 30 times as much as 

compared to the reduced rate many years ago. The 

death rate has rapidly increased making 13,4 deaths 

per 100 thousand people in Lensky district as com-

pared to 9,9 point in Sakha Republic in general. 

Social consequences of fires. Over the XXI century 

the expected climate change may increase the number 

of fires. In summer 2007 gigantic fires devastated the 

southern regions of Greece: thousands of people lost 

their homes, the health impact has not been totally esti-

mated yet. In Russia fires are mainly threatening those 

living in the southern regions of European Russia and 

woodlands of Siberia and Far East. Fires in Khabarovsk 

have seriously polluted the air; the health of the local 

people has been badly deteriorated.

Climate change impacts on people’s health in 

towns 

In big cities the climate change is considered to be 

one of the most important risk factors affecting people’s 

health along with other traditional industrial risk factors, 

e.g., air and water pollution, smoking, drugs usage, etc. 

According to WHO assessment, climate change is cur-

rently causing up to 150 thousand deaths and 55 mil-

lion years of labour disability/year in the world (making 

0,3% of the total number of deaths and 0,4% of the total 

number of years of disability respectively). 

WHO General Director Margaret Chan believes that 

“healthcare systems in all countries should be adjusted 

to the climate change”.

Extremely high and low temperatures (heat and 

cold waves)

Climate change is followed by the growing number of 

days with abnormally high and low temperature. Sus-

tainable lasting hot weather is increasing the number 

of deaths and heart diseases. In 2003, intensive heat 

waves caused about 15 thousand deaths in France and 

35 thousand deaths in Belgium, Czech Republic, Germa-

ny, Italy, Portugal, Spain, Switzerland, the Netherlands 

and Great Britain. According to the data of more than 

50 studies of death rate during heat waves conducted 

in European countries, the death rate is the highest for 

the elderly people suffering from chronic heart diseases, 

diseases of respiration organs and diabetes as well as 

for hospitalised patients and those living on the upper 

floors; besides, the death risk is higher for those living in 

big cities as compared to the rural population.   

During hot days the conditions of some heart diseas-

es, e.g., breast pangs, become more acute and may 
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include pain in thorax area, headaches, dizziness, sick-

ness, exhaustion etc. The high risk groups include little 

children, pensioners, those working outdoors and low 

income people. In big cities risk groups include people 

living or working in “heat islands”. 

When defining basic correlations between tempera-

ture and mortality of the population the local factors, 

i.e., climate, relief, sizes of “heat islands”, incomes and 

share of the old people should be taken into account. 

High temperatures may annually cause from 1 to 10% 

of deaths among the old people in Europe. Moscow 

and Tver based research also confirms the negative cli-

mate change impact on people’s health. In Tver there 

was discovered a connection between the number of 

applications for emergency medical services, mortality 

in general and deaths caused by specific reasons (cer-

ebral and vascular disorders, traumas, drowning and 

suicides), and summer air temperature. 

If the maximum day temperature rises by 10 0С 

during the heat waves the number of applications 

for emergency medical services and the number of 

deaths caused by specific reasons may increase by 

100%, general mortality increasing by 8%8. 

In July 2001 Moscow survived extremely long last-

ing heat wave. The daily average temperature was 

higher 25 0С level during 9 consequent days while 

the average norm used to be 3 consequent days. 

On July 23, 2001 the heat wave reached its peak; as 

a result, the July average mortality was exceeded 

by 93%9. 

According to meteorologists, May 28, 2007 has be-

come the hottest May day in Moscow over 120 years. 

It is worth noticing that during “Chicago heat” the 

daily average death rate was exceeded by 85%10.

According to expert assessment, global warming 

may cause from 4 to 28,8 thousand deaths per year, 

the death risk is the highest for the elderly people. 

Heat waves may increase the pollutant concentra-

tion in the atmosphere, the pollution level being 

conditioned by temperatures during the whole heat 

period. In Moscow during the days of the highest 

8  B.A. Revitch, D.A. Shaposhnikov, 2004. High air temperatures in 
cities are really threatening people’s health. In: Climate change and health 
of Russia in the XXI century. M.:  «Adamant». – P. 175-184.
9  Р B.A. Revitch, D.A. Shaposhnikov, 2006. Climate, air quality and 
mortality in Moscow in 2000 – 2006. In: Climate, air quality and health of 
Moscow population. 2006. P.102-140
10  McGeehin M. A., Mirabelli M. 2001. The potential impacts of climate 
variability and change on temperature-related morbidity and mortality in 
the United States. Environ. Health Perspect. 109. suppl. 2. р. 185-189.

temperatures curves of nitric dioxide, ozone and 

small – dispersed particles (РМ10) concentration 

precisely match the temperature curves11. 

Lasting heat periods may be especially dangerous for 

Magnitogorsk, Norilsk, Chita and other cities with large 

pollution sources and bad conditions of pollutant disper-

sion. Within the nearest years the danger of joint impact 

of high temperatures and air pollution on people’s health 

may escalate. There may be twofold increase of the 

share of coal in the country’s energy balance; it is espe-

cially dangerous for many cities of the southern regions 

of West Siberia as the air there is already polluted. 

Due to continuously growing gas costs the indus-

trial and communal boiler – houses may en mass 

switch to coal. These processes will inevitably dete-

riorate quality of the atmosphere in the settlements 

and the concentration of suspended substances, 

including the most dangerous ones of 2,5 and 10 

micron size, sulphur dioxide and some toxic met-

11  Р B.A. Revitch, D.A. Shaposhnikov, 2006. Climate, air quality and 
mortality in Moscow in 2000 – 2006. In: Climate, air quality and health of 
Moscow population. 2006. P.102-140
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als, will increase. In 2010 2.3 million tonnes of hard 

substances, 1,3 million tonnes of sulphur dioxide 

and 0,4 million tonnes of nitric dioxide may be ad-

ditionally emitted. 

Given these negative trends the average life ex-

pectancy in Russia, as estimated by experts, will be 

reduced by another 2 years. As long as people’s 

health is being sold out in the gas disguise all ef-

forts to overcome the demographic crisis in the 

country will grind to a halt12. 

Global warming increases the number of abnormally 

hot and cold days, which are felt most by the old peo-

ple, and affects the death rate. To diminish the negative 

health impacts the broad range of preventive measures 

should be implemented. 

In this regard the experience of France may be par-

ticularly interesting. The health ministry of this country 

has developed special action plan for heat periods. The 

plan stipulates specific actions for each stage of the 

heat danger (vigilance, alarm, implementation of pre-

caution measures, mobilisation of additional sources) 

and establishes organisational action schemes. It is in-

tended to inform the population about basic behaviour 

rules during the heat period (i.e., cloths, nutrition, way 

of life, work), reorganise the work of emergency medi-

cal services, offer patronage services to the old people 

and those suffering from heart diseases and breathing 

problems etc.  

Example for Russia:

France has developed a so called “Blue plan” stipu-

lating organisation of special rooms in the houses 

for the elderly people and health care institutions 

which would be equipped with air conditioners so 

the air temperature there would not exceed 25°С. 

Another plan, the “White Plan”, aims at implement-

ing additional measures in hospitals and providing 

additional equipment for emergency medical serv-

ices. The National plan of action served as a model 

for local action plans at the prefecture level.  

In 2007 the health ministry of Italy developed series of 

measures to prevent Italian population – and, first of all, 

the elderly people – from heat consequences. Having 

followed the example of these two countries, other Eu-

12  S.N.Bobylev, A.A.Golub,  M.Yu. Ksenofontov, A.S. Nekrasov, V.N. 
Sidorenko, Yu.V. Sinyak, E.B. Strukova. Estimated impact of changes 
in the structure of fuel balance of power stations on people’s health in 
Russia // Prognostication problems,  2004.-  №6.- P. 99-113

ropean states also developed their own plans of action 

to prevent negative heat impact on people’s health. 

4.4 Climate change as a risk factor for 
spreading contagious diseases 

Even seemingly insignificant climate changes may 

spoil the balance of some species in the ecosystems 

making other species vanish and allowing new species 

to enter those ecosystems. The spreaders of conta-

gious diseases which affect plants, animals and people 

are constituent parts of all ecosystems; due to climate 

change they may increase or decrease in numbers as 

well as spread over new areas. Climate change often 

causes species’ migration to new areas. Species may 

occupy new areas by means of migration from the 

neighbouring areas; they may also be accidentally or 

deliberately spread by people.  

Acute intestinal diseases 

Global warming is one of the risk factors for spreading 

intestinal diseases. Over the last years in some coun-

tries the rise in average temperature has already in-

creased the number of such diseases as bacterial dys-

entery, diseases caused by salmonella and some other 

diseases. The temperature is also important for attract-

ing vermins, particularly flies, rodents and cockroaches, 

to food. The temperature is affecting flies’ activeness 

more than biotic factors. In moderate climate countries 

the warm weather and mild winter often increase the 

total number of flies and other pests over summer while 

they first appear as early as in the beginning of spring. 

Access to pure water still remains a very important 

healthcare issue as more than 20% of Rospotreb-

nadzor studies of water samples taken from surface 

drinking water sources don’t comply with hygienic 

requirements. 

Dysentery is widely spread over the territories lack-

ing quality water supply systems. These are Tuva, 

Buriatia, Udmurtia, Marij Al, Udmurtia, Chita, Tyu-

men and Sakhalin regions. 

Lack of quality drinking water is felt most by the 

poor people. 

Climate change puts additional obstacles in the nor-

mal work of water supply systems. Well-regulated com-

munity water supply system must be capable of with-

standing the climate extremes. On the one hand, during 

drought periods the decrease in precipitation may re-

duce the surface water flow thus affecting the quality of 

surface drinking water sources. On the other hand, the 
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irregular water supply, which is a characteristic feature 

for some settlements in Russia’s southern regions and 

Far East, is breaking normal sanitary livelihood condi-

tions. 

Contagious diseases transmitted by the natural 

spreaders 

These are diseases characterized by specific features 

of epidemic process when the pathogens are transmit-

ted by means of natural spreaders – e.g., mosquitoes, 

ticks, flies, through water and food. They can be found 

everywhere. Climate warming is changing the spread-

ing conditions. The spreader’s breeding ground and 

conditions of pathogen development in the bearer’s 

body have been changing thus modifying the ways 

of transmission of many diseases which were initially 

spread by means of arthropod spreaders – i.e., mosqui-

toes, flees, ticks etc. The rise in temperature acceler-

ates the pathogen development in the spreader’s body 

and transmission process becomes more effective thus 

alleviating transmission of the disease and expanding 

its geography.

Climate change is most affecting those pathogenic 

organisms the life cycle of which is coupled with more 

or less lasting existing in the environment and, conse-

quently, with certain requirements for its conditions and 

possible adaptation for changes. These include patho-

gens of plague, tularemia, leprosy and some other in-

fections. 

Climate change impacts on the spread of these dis-

eases occur along with different non – climatic factors, 

e.g., ecological, demographic and socio – economic. 

The transmission of tick encephalitis depends on vac-

cination volume, implementation of non – specific pre-

ventive measures, the increase in the number of the 

population’s (especially urban population) contacts with 

pathogens and spreaders of this disease in the gar-

dens.   

Tick encephalitis. Over the last quarter of the XX 

century encephalitis morbidity in Russia has increased 

nine times making 10 thousand cases per year. Due to 

climate change one may observe the increase of pro-

ductivity of timber biogeocenos, accelerated develop-

ment of ticks, the prolongation of their active period and 

the increase in the number of tick “bearers”. It mainly 

happened in the Urals and Siberia; however, the tick 

encephalitis area is still expanding.  Thus, there is a 

proved connection of climate change with the number 

of ticks in the Krasnoiarsk territory13.

13  Yu.S. Korotkov, L.M. Akulova, T.G. Khazova, A.I. Kilina, G.S. 

In Irkutsk – another Siberian region – the February 

temperature has recently risen by 60С making +110С 

while the duration of frostless period has increased 

from 90-100 to 120-130 days. According to long-term 

observations (1956 – 2003), the number of ticks has 

increased 57,5 times, the tick encephalitis morbidity has 

increased 40,2 times. It may have been caused by the 

use of forests for dacha purposes, the increasing num-

ber of “picnics” in the forest, the picking of berries and 

mushroom hunt. All these factors have increased urban 

people’s contacts with ticks. As a result, at the moment 

the share of sick city dwellers amounts to 70-80%14. 

The number of people bitten by ticks in summer 

2007 has become the largest on record. More than 

300 thousand people, including 73 thousand chil-

dren, resorted to the hospitals. By the end of Au-

gust, 2367 patients were diagnosed as having got 

tick encephalitis; this number is almost 2 times as 

much as compared to the last year. 35 patients died 

– mostly in Novosibirsk region, Primorie and Kras-

noiarsk krai. Unfortunately, many Russian regions 

did not order the anti – encephalitis vaccine in ad-

vance thus having considerably hindered the timely 

treatment of the patients. 

Tick borelliosis (Lyme disease). This disease was first 

encountered in Russia in the early 1990s; since then the 

frequency of the disease has increased almost twofold. 

The data confirms the connection of this disease with the 

rise in temperature. During heat period in Irkutsk the num-

ber of tick borelliosis cases considerably increased15.

Hemorrhagic Fever with Kidney Syndrome (HFKS). 

Since the middle of the 1980s the number of this dis-

ease has increased more than 3 times. It has been 

caused, along with other reasons, by the temperature 

rise and rainfall amount in the medium latitude zones 

of Europe. 

Over the last 30 years in Udmurtia the average tem-

perature has risen by 0,6оС, the annual average rainfall 

amount has increased from 501 to 650 mm, the thickness 

of snow cover in February and March has increased from 

Kislenko, S.P. Chunikhin. Cyclic changes in the total number of taiga ticks 
in “Stolby” national park. Medical Parasitology and diseases caused by 
parasites, 1992, #3, P.7-10.
14  V.I.Zlobin. Tick encephalitis in the Russian Federation: the present 
day state of affairs and preventive strategies. Virusology issues, 2005, 
№3, P.26-31
15  K.A. Antov, I.V.Malov, V.I.Zlobin, V.M.Kogan, I.V.Kozlova. Tick 
rikketsiosis in Pribaikalie region // VSNC Newsletter of Siberian branch of 
Russian Academy of Medical Sciences, 2004, vol. 3, №1, P.66-71.
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33 to 48 cm. These climate changes have increased the 

total number of the European red field-voles – the main 

natural bearer of HFKS pathogens. The growth of this 

disease has also been caused by the fact that people 

are now often visiting forests thus increasing the prob-

ability of their contacts with the infection bearer16. 

Crimean hemorrhagic fever. This disease is occasion-

ally observed in Russia’s southern regions. The number 

of cases of this disease has increased since 2000 when 

it was first registered in Kalmykia, Volgograd region 

and Dagestan; this phenomenon could be explained 

by the expansion of the bearer (ticks)’s area17. During 

last years the disease has widely spread, in 2007 1973 

cases were detected.    

West Nile fever. Climate warming is improving the 

breeding ground for local mosquitoes – the WNF virus 

bearers thus contributing to forming new natural hot-

beds of fevers caused by mosquitoes, including the 

West Nile fever. 

16  A.D. Bernstein, N.S. Apekina, Yu.S. Korotkov, V.T. Demina, A.V. 
Khvorenkov, 2004. Hemorrhagic fever with kidney syndrome: ecological 
prerequisites of its activation in European forests. In: Climate change and 
health of Russia in the XXI century. M.: “Adamant”. -P. 105-113
17  A.M. Butenko, V.F. Larichev, 2004. Climate change impact on the 
activation and spread of Crimean hemorrhagic fever over the northern 
part of its area. In: Climate change and health of Russia in the XXI century. 
M.: “Adamant”. -P. 134-138.

In 1999, there was an epidemiological outburst of 

West Nile fever in Volgograd and Astrakhan’ regions 

(394 and 95 people respectively were hospitalised, 

the number of patients being considerably lower 

over the previous and consequent years). The out-

burst was connected to the fact the year of 1999 was 

the warmest on record in the XX century. In 2007, 

there were observed 54 fever cases in Volgograd re-

gion, 41 cases in Astrakhan’ region and 11 cases in  

Rostov region which is explained by the hot weather 

and idea breeding grounds for mosquitoes. 

One may expect emerging natural hotbeds and clini-

cal cases of West Nile fever in Saratov, Samara, Oren-

burg, Voronezh, Kursk, Belgorod, Omsk and Novosi-

birsk regions and the Altai krai; this prognosis seems 

to come true  – a few cases of the disease have al-

ready been identified in Novosibirsk region18.  

Malaria. According to the latest experts’ estimations, 

over the XXI century due to climate change the poten-

18  A.E. Platonov, 2006. Climate impact on epidemiology of transmitted 
infections (a case study of West Nile fever in Russia), RAMS Newsletter, № 
2. P. 25-29; L.V. Platonova, V.N. Mikheev, V.B. Loktev, Ju. V. Kononova, 
A.M. Shestopalov, T.A. Dupal, 2006. First results of West Nile fever 
epidemiological monitoring in Novosibirsk region. Siberia – the East, №3, 
P.45-48.

Tick borelliosis morbidity in Russia in 1992- 2004, number of sick people per 100 thousand people.
(In 1999 -2003 the average temperature in Russia was approximately  by 0,50С higher than in 1992-1998,  the year of  2004 was colder than previous 
years)

S.A. Rudakova. Ixodid tick borelliosis in the conjunction of natural hotbeds of West Siberian transmitted diseases: Summary of 
PhD thesis, 2007
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tial malaria area will be mainly expanding to the North. 

Within malaria endemic territories the transmission sea-

son will become longer. The number of people living 

in the high risk malaria zones will considerably grow. 

If now there are 2400 million people (about 40% of the 

Earth’s population) living in malaria-prone regions by 

2080 this number may increase by another 220 – 400 

million people. As in many other cases, new risks will 

first and most threaten the poor countries. 

Over the last 15 – 20 years the structure of import-

ing malaria to Russia has substantially changed. 

Until 1995 malaria was mainly imported from fara-

way countries; however, in 1996 the number of 

malaria cases brought from the faraway and neigh-

bouring countries became more or less the same. In 

the consequent years malaria was mainly imported 

from the neighbouring countries, particularly from 

Tajikistan and Azerbaijan. From 1987 – 1992 to 1997 

– 2001 in Saint – Petersburg the number of imported 

malaria cases has increased almost threefold19.

19  V.M. Antonov (2004).Clinical and epidemiological characteristics of 

Over the XX century climate change in CIS and the 

Baltic states has affected the areas of malaria spreaders 

and conditions of pathogen development in the bearers’ 

organisms20. These changes have been assessed by 

means of applied climate indices defining the breed-

ing ground of bearers and pathogens depending on the 

surface air temperature and rainfall amount. Northern 

borders of malaria mosquitoes’ areas will be shifting to 

the North, the northern populations may be eventually 

displaced by the southern ones.  

Climate change impact on the frequency of ma-

laria cases has already become obvious for some 

regions. Thus, in Moscow region the malaria epide-

miological situation has already been transformed. 

Due to several epidemiological seasons with abnor-

mally early high daily average temperatures causing 

accumulation of considerable effective temperature 

amount the number of malaria cases has rapidly in-

creased.   

imported malaria cases in Saint – Petersburg: Summary of PhD thesis, 
Saint – Petersburg, 22 p.
20  S.M. Semenov, V.V. Yasiukevich, E.S. Gelver. 2006. Revealing 
climatogenic changes. M.: “Meteorology and hydrology”. P. 324.
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After malaria had been eliminated in Moscow region 

it re-emerged in 1972; from 1999 to 2005 379 local 

3-day malaria cases were registered.   

Since 1988 along with the rise in daily average ef-

fective temperature in Moscow region the share of 

favourable seasons for 3-day malaria transmission 

has increased, the recurrence of unfavourable peri-

ods has been reduced, the average duration of ef-

fective mosquito infection has increased; the date 

of the first malaria catch is registered earlier than 

usual.21  

Schistosomiasis. The spread of schistosomiasis – a 

disease caused by parasites and connected with water 

and water snails as interim bearers – can also be affect-

ed by climate change. Recent studies demonstrate the 

increase in the number of schistosomiasis cases over 

the last decade which may reflect the general trend in 

climate warming as the border of the frozen area has 

already been shifted to the North thus exposing another 

20,7 million people to the risk of this disease. 

4.5 Problems of changing livelihoods 
and forced migration 

Climate change is negatively affecting the whole plan-

et; however, the situation is getting almost catastrophic 

for the poorest countries. Thus, the small island state of 

Tuvalu has twice applied to the Australian government 

for assistance with accepting climate change refugees. 

The Australian government has refused assistance 

while New Zealand has offered to accept an annual 

quota of Tuvalu refugees.  

21  V.A. Mironova. Trends in climate change and malaria in Moscow 
region //Medical parasitology and diseases caused by parasites, 2006, 
№4, P. 20-25

In Nicaragua Oxfam is working with indigenous 

communities on the Atlantic Coast. Although Nica-

ragua is quite far from Russia the climate change 

problems are universal. People in Nicaragua have 

observed that the natural rhythms upon which their 

agricultural year was based have become disrup-

tive. The seasons seem to run into each other. Rats 

have appeared suddenly and in extraordinary num-

bers. For local communities these changes may 

cause deep mental traumas. 

As Carlos Ling, Oxfam project officer in Managua, 

put it, “such climate change affects your under-

standing of the whole Universe, not just your way 

of living. For people it’s very important to under-

stand that on, say, May 3 you plant the seeds in the 

ground. It’s a magical ritual; it gives a hope for fu-

ture... When certainties shift you feel a loss of con-

trol of your life, which is demoralizing. Now there is 

nothing firm to stand upon. The old people particu-

larly, who had this wisdom, no longer know what 

to do and so the young people no longer listen to 

them”22.

Oxfam has conducted several special studies exam-

ining climate change impacts on the poor people’s lives. 

There has been a drought every year since 2002 in Ninh 

Thuan Province in Vietnam and the drought in 2004 was 

the worst on record. Women, children and old people 

suffered particularly badly from the intense heat. Ironi-

cally, annual rainfall there has been steadily increasing, 

however, farmers are suffering from drought because 

the rains became like short showers and there are no 

means to create modern irrigation systems. South Af-

rica is experiencing the similar situation; and, again, 

women and children there are particularly hard hit by 

climate change. 

Speaking about the life of people in Russia and neigh-

bouring countries one should first take into account the 

growing lack of water in Central Asia and North China 

(for more detailed discussion of water resources  and 

lack of water impact on the agriculture see chapters 2 

and 3 of the report). The decreasing “available” amount 

of water for agricultural needs is followed by the grow-

ing number of population in those regions. All over Cen-

tral Asia, China and, possibly, in Mongolia there will be 

increasing demand for water for irrigation purposes, 

human use and hydropower stations. Climate change 

consequences don’t happen on their own but rather ex-

22  Mark Lynas, Six Degrees, Our Future on a Hotter Planet, page 282



47RUSSIA AND NEIGHBOURING COUNTRIES: ENVIRONMENTAL, ECONOMIC AND SOCIAL IMPACTS OF CLIMATE CHANGE

acerbate the already existing serious stresses upon the 

environment, ranging from the removal of forests to im-

poverishment of soils and water pollution, which, in their 

turn, negatively affect people’s lives. 

Dr. Stephan Harrison of Exeter University, England, 

one of the world’s foremost experts in glaciers, has 

observed the accelerated melting and destruction 

of glaciers in several countries of Central Asia and 

China. Glacially fed rivers supply irrigation systems 

essential to agriculture and also drinking water to 

big cities like Almaty. 

He warns that glaciers in Kazakhstan are melting 

so fast that the livelihoods of millions of people will 

be affected with “profound political, economic and 

social repercussions”. He notes that “sustainable 

water resource use cannot be achieved without a 

high level of political agreement” among all coun-

tries in the region, including China23. http://www.

opendemocdacy

Assessment of social losses is a challenging task. 

There is no complete information on social losses yet; 

however, it is already clear that the losses will be huge 

and millions of people will be forced to migrate.    

Although China’s economy is quite strong seven 

northern and north – western provinces of this country 

will soon face the fresh water problem. In those prov-

inces the crop capacity of one fourth of arable land will 

decrease making 14% of all China’s agricultural areas. 

The output of irrigated land in China may decrease by 

1,5% on average by 2020 making 7% on average by 

208024. 

Assessment of losses and probablel population’s mi-

gration flows have not been made for Central Asia yet. 

However, judging from the data on Asian and African 

countries with similar life and vulnerability levels the so-

cial losses in Central Asia may make much more than 

1–2 % or even 5% as predicted for the developed coun-

tries, including Russia. Given growing social problems, 

social losses for the poor countries may be huge. If the 

humankind does not reduce the amount of greenhouse 

gas emissions by the end of the XXI century the losses 

for India, North Africa and Middle East may amount to 

7-8% of GDP as predicted by the “moderate” scenario 

23 (http://www.opendemocracy.net/globalization-climate_change_
debate/kazakhstan_2551.jsp)
24  Stern N., 2006. The Economics of Climate Change. Cambridge 
University Press, 610 pp.  www.sternreview.org.uk 

and 10-13% of GDP according to the “worst” scenario 

(for assessment of agricultural losses see Chapter 3) 25. 

It is obvious that in this case losses will considerably 

exceed 3 – 6% of possible economic growth; it means 

that there will be rapid rollback to the past. Countries will 

become poorer and life there will get harder thus inevita-

bly forcing millions of people to migrate. Unfortunately, 

this process may begin very soon as the first symptoms 

have already appeared. The cases of the Aral Sea and 

Tajikistan are discussed below as tragic examples of 

what may happen to the poor communities.

The Aral Sea social crisis 
In terms of water resources the Aral Sea tragedy was 

discussed in the special section of Chapter 2; now we 

would like to approach this problem from the point of 

view of social problems, lack of food and forced migra-

tion26. Unfortunately, none of the existing climate change 

scenarios predicts any increase of the Amudaria and 

Syrdaria rivers’ flow. On the contrary, it will be further re-

duced over the vegetation period. According to the most 

pessimistic prognoses, due to general climate warming 

and decreasing amount of snow and ice in the moun-

tains the flow of the Syrdaria and Amudaria rivers will 

decrease by 15-20% and 20-30 % respectively. There 

used to be 178 different animal species in Aral region, 

now this number has been reduced to 38 species.

Until the 1970s, there were 13 fisheries in the Pri-

aralie region, there were ship repairing plant in Ar-

alsk and ship repairing yard in Uch – Sai harbour. 

After the Aral Sea had drawn back more than 10 

thousand people lost their jobs so, as an aver-

age family would consist of 5 people, the climate 

change affected approximately 50 thousand people 

in the region.

Migration from the Priaralie region has been going 

on for a long time; as a result, the population of the 

whole region may move away totally.  

However, in this case climate change seems to be just 

a small contribution to the direct damage which people 

have done to nature and, after all, to themselves. At the 

moment more than a half of irrigation water evaporates 

25  Ibid.
26  Here and thereafter the data on Central Asia is given according to: 
S.K. Alamanov, V.M. Pelevkin, O.A. Podrezov, A.O. Podrerzov. Climate 
change and water problems in Central Asia. Educational course for natural 
sciences and humanities students, Moscow – Bishkek, WWF Russia, 
2006, 188 p. 
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from and percolates through the melioration facilities 

long before it is delivered to the fields. For the Aral Sea 

Basin water losses make 30—40 km3 per year. The ex-

isting irrigation and melioration systems should be to-

tally reconstructed; only advanced melioration technolo-

gies should be applied.  At the moment more than 90% 

of canals in the region have traditional earth cover. The 

possible effects of new technologies could be illustrated 

by the fact that systems with traditional earth cover an-

nually consume up to 30—40 thousand m3 of water per 

hectare while the water consumption of renovated mel-

ioration systems would make only 6—10 thousand m3.

Negative socio – economic consequences of the Aral 

Sea crisis include carryover of a large amount of sand 

and salt from the parched sea bottom. It is extremely 

dangerous for the ecosystems of the region including 

mountain ecosystems of Pamir and Tian – Shan that 

are thousands km away from the Aral. The water of riv-

ers flowing into the sea, as well as in the sea itself, has 

been extremely polluted with pesticides and mineral 

fertilizers resulting from excessive chemization of the 

agriculture in the region.  The level of pesticide use is 

ten times as much as in other former SU countries and 

it is one of the highest in the world. It is also worth notic-

ing that until recently there were used pesticides which 

were very dangerous for people’s health and forbidden 

in many countries of the world. 

In the framework of UNDP the Aral Sea Basin Capac-

ity Development Project 3 scenarios have been devel-

oped27. The optimistic scenario stipulates that by 2020 

the use of water resources will not exceed 70% of the 

existing resources. According to the neutral scenario it 

will make about 80% and will slightly increase due to the 

population growth. As for the pessimistic scenario the 

consumer demand for water may exceed the existing 

water resources as early as by 2010 (the point of poten-

tial conflict of interests of the Central Asian countries). 

In the Priaralie region the aggravation of ecologi-

cal situation is accompanied by the deterioration 

of people’s health due to the chemical and salt 

pollution of drinking water, high content of toxic 

substances in the local foodstuff and air pollution 

caused by chemization of the fields. 

As a result, in the Priaralie region child mortal-

ity amounts to 80 children out of 1000 the newly 

born. This rate is 5 – 7 times higher than in Russia, 

27  V.M. Kasymova, A.X. Karasaeva.,E.M. Rodina. Sustainable nature use 
in the Aral Sea Basin. – Bishkek.: Ilim, 2001. – 272 p. www.grida.no/aral

Ukraine and Belarus. More than 70% of adults and 

80% of children suffer from one or several diseases. 

Up to 90% of recently confined women suffer from 

anaemia.  All these factors gradually decrease the 

average life expectancy in the region. 

It is not accidental that the environmental and social 

situation in the Aral region is often characterised as 

ecocide – i.e., genocide of nature and people.

In accordance with optimistic scenario by 2010 the 

region will be capable of producing foodstuff; the daily 

consumption of calories will exceed the 3000 kcal per 

capita level recommended by WHO. According to the 

neutral scenario the possible local production of food-

stuff will satisfy people’s needs in food. 

As for the pessimistic scenario, the foodstuff produc-

tion will rapidly decrease so the daily nutrition ration will 

be less than minimum subsistence level of 2100 kcal. 

It may become one of the main reasons forcing people 

to migrate from the Amudaria and Syrdaria river basin 

where currently most of Central Asia population lives. 

Unfortunately, due to the rapid melting of glaciers and 

other consequences of climate change this particular 

scenario is most likely to come true.

Tajikistan 

The example of Tajikistan as one of the poor countries 

demonstrates that negative impacts of climate change 

deteriorating people’s lives and forcing them to migrate. 

In the wide valleys the annual average temperature 

has increased by 0,7 – 1,20С and by more in the cities. 

However, averages can be misleading. Temperatures 

in summer and in certain parts of the country can be al-

most 50С hotter. Changes in the number of precipitation 

are very unequal – some territories have considerably 

less number of precipitation, the others – much more, 

this being not surprising for a mountain country. There 

are more hot days while the number of cold days had 

substantially decreased.

Considerably dangerous impact is the rapid melting 

of glaciers while the rainfalls are becoming heavier and 

more intensive. As a result, there are more floods and 

avalanches; the water regime has become considerably 

less sustainable. The out-dated and even archaic irriga-

tion systems are by no means capable of preserving and 

storing water anymore. As a result, albeit substantial 

annual precipitation people are facing increasing lack of 

water for agricultural needs which undermines the very 

grounds of Tajik families’ traditional households. 

The melting of glaciers is a global phenomenon be-

ing a portent and warning of global warming. Tajikistan 
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generates 55% of all the water in the Aral Sea Basin 

shared with other four countries and Tajikistan’s moun-

tain glaciers contain 25-50% of that amount. In 1949 

glaciers covered 18 000 km2 of the country’s territory. 

Satellite images from 2000 indicate that this area has 

shrunk to 11 863 km2 – a 35% decrease in the space of 

just 50 years. 

The country’s First National Report on the UN Frame-

work Convention on Climate Change (2002) and sub-

sequent National Action Plan (2003) say sombrely that 

“in the mid- and long-term perspective a catastrophic 

reduction in stream flow in many rivers is expected”. 

Tajikistan also illustrates the point that it is those 

countries least responsible for greenhouse gas emis-

sions, causing greenhouse effect, that are likely first of 

all to suffer from the worst impacts. Tajikistan carbon 

emissions are miniscule – the country is in 100th place 

in terms of carbon dioxide emissions. 

The government of Tajikistan is aware of the problem 

and stimulates its network of meteorological observers 

and local administrations to raise people’s awareness. 

The National Action Plan has been developed in order 

to help the local communities and country in general to 

adapt to climate changes. It is necessary to get prepared 

to natural disasters, to reinforce drainage and irrigation 

systems, and what is the most important, to reconstruct 

agriculture in principle, making it more advanced and 

flexible in its reaction to the water availability. However, 

this problem remains a difficult concept to communi-

cate at the village level as the rural people often regard 

this problem as temporary one and less important than 

many other problems with which the poor people have 

to wrestle every day.  

In Panjhok village in mountainous north western 

Tajikistan the shortening growing season has increased 

food insecurity, particularly for women. Women’s tradi-

tional responsibilities for collecting water, rearing live-

stock and cultivating crops mean that women are on the 

front line of climate change28. 

In early 2007 two Tajik organizations, the Youth Eco-

logical Forum and For Earth Planet, with funding from 

the UK development agency Christian Aid sampled 

community perceptions in four regions of Tajikistan. 

People in all the study areas said they were witness-

ing two main changes: greater extremes of temperature, 

with hotter summers and colder winters, and less pre-

28  “Up in Smoke? Asia and the Pacific” by the UK Working Group on 
Climate and Development  at http://www.oxfam.org.uk/resources/policy/
climate_change/asia_up_in_smoke.html

dictable rainfall and snow. Both snow storms and heat 

waves are increasing29. 

Many respondents said that this worsening climate 

had reduced their incomes, with heavy damage done 

to wheat, livestock, melons and gourds. As a result, the 

people’s migration to neighbouring regions and coun-

tries, including Russia, increased in some regions and 

so did conflicts between communities over water. 

Statements from people recorded by NGOs, in par-

ticular Oxfam, demonstrate the seriousness of the 

problem and concern for problem solution. 

Mahmad Kabir, a member of the local Kulyab emer-

gency committee in Southern Tajikistan, is saying 

that “there have been more disasters here in the 

last two years and more floods. There are no early 

warning systems in place after the collapse of the 

Soviet Union so we cannot predict when a disas-

ter will happen. The climate has become hotter and 

snow has melted from the high mountains, which 

has meant that we have more mudflows and floods.  

Because some people do not have the money to 

build their houses well, they collapse. When natural 

29 “ Report on Public Perceptions of Climate Change in Tajikistan and 
Kyrgyzstan” , Youth Ecological Centre, Dushanbe, Tajikistan,  2007, www.
ecocentre.tj
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disasters strike, people are displaced and forced to 

move, they have to change their entire lives”. 

Challenge to humankind
Studies on the social impacts of climate change have 

been relatively few and superficial so far and more re-

search is needed in this area. The reasons are many – 

human social behaviour is extremely complex; and fur-

thermore, despite the rate of global temperature change 

being greater than any experienced in at least the last 

10,000 years, it is currently difficult to isolate the climate 

change signal from the noise of so many other factors 

affecting people’s behaviour. However, that is changing 

as temperatures rise. Research on the European heat 

wave of 2003, which led to some 35,000 deaths, has 

been conducted by Dr Myles Allen of Oxford Universi-

ty’s Department of Physics, and he concludes that past 

emissions of greenhouse gases increased the risk of 

such a heat wave happening by a factor of at least two 

and probably more likely a factor of between six and 

ten. We are, he says, “loading the dice” in favour of such 

events happening30.  

Furthermore, temperatures will continue to rise even 

if emissions were stopped tomorrow, due to inertia of 

the oceans (ocean uptakes carbon dioxide too slowly), 

so a degree of further adaptation is inevitably going to 

be needed whatever else happens. A heatwave such as 

Europe suffered in 2003 could become the European 

norm by mid-century. 

In other words, human societies face a possibly quite 

unprecedented and terrifying challenge. The figures for 

numbers of additional people who are likely to be ex-

posed to increased hunger and water stress as a re-

sult is extraordinary; for example, by 2025 more than 

3 billion people could be living in countries facing “wa-

ter stress”31. It is difficult to speculate how societies will 

30  Source: http://www.climateprediction.net
31  See for example UNDP Human Development Report 2006, Beyond 
scarcity: power, poverty and the global water crisis

(C) OLEG KABALIK

Total river run�off

Water�use

kcal per person per day

WHO recommendations

Maximum     

Minimum   

Medium    

Central Asia development scenarios (the Amudaria and Syrdaria river basin): 
1. Optimistic (low population growth – 1,1%,  high rate of economic growth – 6% of GDP, continuous flow of the rivers into the sea); 

2. Neutral (medium population growth – 1,3%, medium rate of economic growth – 4% of GDP, small decrease of the rivers’ flow); 

3. Pessimistic (high population growth – more than 1,5%, low rate of economic growth – less than 4% of GDP, considerable decrease of the annual 
rivers’ flow).

Source: S.K. Alamanov, V.M. Pelevkin, O.A. Podrezov, A.O. Podrerzov. Climate change and water problems in Central Asia. Educational course for 
natural sciences and humanities students, Moscow – Bishkek, WWF Russia, 2006, 188 p. 
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change, and when – before or after the danger point is 

passed? To avert the threat, societies will have to radi-

cally change – and fast – some of their structures and 

behaviours in order to conserve energy and reduce oil 

consumption. But even responding to current global 

warming is hampered by many factors. 

Ultimately, climate change asks questions of us all as 

to what sort of global human society we want to belong 

to. No society is immune; we are truly all in this together. 

In the spirit of the UN Framework Convention on Climate 

Change, however, different societies do bear “common 

but differentiated” responsibilities. Societies that bear 

the greatest historical responsibility for emissions and 

whose accumulated wealth gives them greater capacity 

to act, must do most both to reduce their own emissions 

and to help poorer countries to adapt. Faced by sea 

level rise the small island state of Tuvalu has asked the 

Australian Government to accept its population as refu-

gees. So far, the Australian Government has refused. In 

contrast, New Zealand has agreed to accept the Tuvalu-

ans when their country becomes uninhabitable.32

Climate change will almost certainly create – and is cre-

ating – additional pressures on people in some societies 

to move, either internally – increasingly towards cities, or 

across borders. As the UNFCCC has pointed out recently 

in looking at climate change impacts, vulnerability and ad-

aptation in Asia, motivations for migration are diverse.33 

Migration is often a last resort and at least as much due to 

the pull of economic opportunities and a better life as it is 

to the push of floods or droughts. But that balance could 

switch in future years if weather calamities increase, and 

the danger is that those could create forced migrations 

that would be permanent and born of despair rather than 

migrations that, as of now, ebb and flow and contain at 

least some elements of choice and hope. 

It seems that it is a characteristic of us human be-

ings as a species to respond to immediate threats but 

to be very poor at acting upon what are seen as distant 

threats. It means however, that meaningful actions to 

reduce greenhouse gas emissions, on the international 

stage, and to adapt to that rise in temperature that is 

current and inevitable, may be so delayed that they be-

come ineffectual34 

32 See http://news.bbc.co.uk/1/hi/sci/tech/1581457.stm For 
information on the legal situation if a nation physically disappears see 
for example Spiegel Online, September 14, 2007 or http://greenleft.org.
au/2007/703/36535 et al
33  UNFCCC Background paper: impacts, vulnerability and adaptation to 
climate change in Asia, Beijing, 11-13 April 2007
34  for more discussion of this and other “states of denial” see for example 
Mark Lynas, Six Degrees, Our Future on a Hotter Planet, page 282

But unless the biggest emitters take urgent interna-

tional action to reduce greenhouse gas emissions, im-

pacts on people, interacting with other environmental 

problems, will mount with temperature, as will the eco-

nomic and social hardships and problems with which 

they interact. 

As Tuvalu President implies, it would be better to act 

wisely now, while we as a species have a large mea-

sure of control of events and possible futures, than to be 

confronted with events over which control has already 

become impossible. 

As former UN Secretary-General Kofi Annan said: 

”The question is not whether climate change is happen-

ing or not, but whether, in the face of this emergency, 

we ourselves can change fast enough” (Nairobi, No-

vember 2006). 

© WWF© WWF© WW© WWF© WWFW© WW© WWF© WW© WWF © WWF© WWF© WWFWWWWWW© WWFWW© WWW©© WWF WWWWF © WWF © WWFF© WWF© WW© WW© WW© WWF© WWWW© WWW© WW© WWF© © WW© WW© W© WW© WW©©© WWWWWW© WWWWWWWFF© WWWW© WWF © WWWW F© WWF© WWWWWW© WWW© WWF© WWFWW© WWWWW РРОССРОССРОССИИРОССИИРОССИИРОССИИРОССИИССИРОССИИРОССИИРОСОССИИРОССИИРОССИИОССИИССИОССИИРОССИИОССИИССИОССИИИОССИИССИИОРОССОСОССИИОССИИИИРОССРОССОССИСССИИРОССИИОССИИСИИОССИИРОООССИОССИИРОСССИОССИИОССРОСССОССИИИИР ИИССИИРРО СИРРООР И



52 5. POSSIBLE WAYS TO SOLVE THE PROBLEM

5.1 Summary
As it has been clearly indicated in the previous chap-

ters, the humankind is facing a very serious prob-

lem – anthropogenic climate change – the major 

global challenge of the 21st century. This problem 

seems to have more global significance than poverty 

or energetic safety inasmuch as the harm caused by 

the climate change does not depend on the area of 

greenhouse gases emission. However, what is clear 

is that poor countries and communities will be worst 

affected by climate change, the impacts of which 

are already hitting vulnerable communities around 

the world. Neither rich, nor northern countries will be 

able “to wait till it is over” relying on their hopes for 

their cold climate or substantial financial resources. 

Consequential climate change developments: hurri-

canes, floods, thawing permafrost, spread of “south-

ern” diseases, forced migration, etc. will cause much 

more considerable harm than the direct impact of the 

warmer climate and will have an impact on people in 

Russia and worldwide

The global community has been taken aback by the 

new challenge. Despite the fact that the intensification 

of the greenhouse effect due to the anthropogenic fac-

tor had been predicted by scientists as early as the 19th 

century, and a rapid increase of СО
2
 concentration in 

the atmosphere has been observed since the mid-20th 

century, just a few years ago most people could hardly 

believe that human activities were causing the climate 

change and that scientists were able to measure their 

effects accurately enough to make the introduction of 

urgent measures towards the reduction of greenhouse 

gases emission possible and necessary. 

Causes and forecasts of climate change, discussed  •

in Chapter 1; 

the growth of dangerous phenomena, shortage of  •

fresh water and changes in Arctic, discussed in 

Chapter 2;

their impact on economy, most of all on agriculture,  •

see Chapter 3; 

and as a result their impact on people’s lives, health  •

and social problems in Russia and its neighboring 

countries, studied in Chapter 4;

all this indicates that this problem has to be solved 

urgently with joint efforts of all countries. 

But has not climate change already gone too far? Can 

the humankind manage to solve this problem without 

any mass losses? Will it take any fundamentally new 

technologies or “taming” the thermonuclear power? 

To answer these questions, in 2007 WWF carried out 

a special research and published a report entitled Cli-

mate 

The main point of the WWF report: good and bad 

news

The good news is that it is still possible to avoid the 

worse consequences of the climate change and at 

the same time to completely satisfy in the 21st cen-

tury energy needs of both the developed and the 

developing countries.  

 The bad news is that the outcome essentially de-

pends on when we start acting; it is crucial to start 

within the next five years.

Solutions. WWF’s Vision for 2050.1

The most important environmental, economic and so-

cial conclusion is that the limits of acceptable human 

interference should be established. The harm caused 

by natural disasters, which have recently become more 

frequent, is growing rapidly while the predictions of the 

future economic losses leave no doubts about the ne-

cessity to reduce the emissions2. It has been established 

that “the global warming by 2°С is a borderline which 

we’d rather not cross”3. In the case the temperature 

rises by 2°C by the mid-21st century there will be “just” 

500 million people suffering from the shortage of fresh 

water, while the rise by 3°C will enlarge their number up 

to 3 billion people.  Such a marked leap will certainly be 

a serious shock for the global economy, affecting first of 

all the developing countries. To ensure this minimal 2°C 

increase, however, “global greenhouse gases emission 

by the mid-21st century should be reduced by 50% from 

1  Climate Solutions. WWF’s Vision for 2050. – WWF Intl., 2007. http://
www.wwf.ru/resources/publ/book/220/
2 IPCC, 2007, Fourth Assessment Report, vol. 3. Climate Change 
Mitigation, www.ipcc.ch; see also The Economics of Climate Change. 
2006, The Stern Review. Nicholas Stern. Cabinet office – HM Treasury, 
UK, www.sternreview.org.uk  (for a review in Russian see www.wwf.ru); 
3  IPCC, 2007, Fourth Assessment Report, vol. 2. Climate Change Impact, 
Adaptation and Vulnerability, www.ipcc.ch; see also a UN document FCCC/
KP/AWG/2007/L.4, passed in August 2007 , www.unfccc.int 
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the present day level”4. This approach was approved by 

the UN, at the G8 summit and by the September, 2007 

convention of the APEC countries. The issue, therefore, 

passed from the environmentalist agenda to the sphere 

of economy, and above all, to the field of power engi-

neering.

The leading international environmental organisations 

WWF and Greenpeace have also become participants 

of this process, although to do this they had to “familiar-

ise” themselves with a totally new field – that of power 

engineering, because a fundamental transformation of 

this sphere was the key for the solution of the climate 

change problem. They examined that question from 

their own point of view, emphasising environmental and 

social aspects of a given technology5. In particular, their 

reports show that the problem solution will not neces-

sarily require the development of nuclear power engi-

neering; they also critically assess hydropower stations 

construction and sources of biomass, stating that the 

development of bioenergetics should not do any harm 

to the preservation of the ecosystems and solution of 

the local population’s social problems. 

Facing the question “What is to be done?” many 

politicians and business people like to talk about the 

4 Strictly speaking, in order to successfully achieve this objective, one 
has to reduce the emissions 3 times compared to the level of 1990, which 
was for the globe on the whole by 21% lower than the level of 2004; 
for Russia, however, the opposite is true – in 2004 the emissions were 
approximately by 30% lower than in 1990. 
5  Climate Solutions. WWF’s Vision for 2050. – WWF Intl., 2007. 
http://www.wwf.ru/resources/publ/book/220/; Greenpeace “The 
Energy Revolution», 2007  http://www.greenpeace.org/russia/ru/press/
reports/1309441.

uncertainty of our knowledge and necessity of further 

research.  We simply encounter here a delay in deci-

sion making and unwillingness to curtail the present day 

profits and superprofits for the sake of the solution of the 

paramount global problem.  

Shall we wait? It seems that as human beings we 

tend to react only to an immediate threat, whereas a dis-

tant threat we, as a rule, overlook. This means that any 

serious international actions to reduce the greenhouse 

gases emission and adapt the community to already in-

evitable changes may be so late that they loose all their 

potency. 

Migration is frequently one’s last resort, being equally 

caused, on the one hand, by economic problems and 

a quest for better life and, on the other hand, by floods 

and draughts. This correlation, however, may soon 

change. Natural disasters, rousing despair, may cause 

forced migration which may well turn into the permanent 

one, by contrast with the current migration which, with 

its tides, still preserves some elements of choice and 

hope, no matter how small they might be.   

To wait and talk about insufficiency of the knowl-

edge will be the same hypocrisy as not to treat can-

cer because its nature has been understudied. Eve-

ryone: politicians, businessmen, common people 

should grasp the general problem and change their 

way of thinking, recognising that everyone must 

contribute to the problem solution even though it 

contradicts one’s momentary interests and plans. 

As the former UN Secretary General K. Annan put 

it “The question is not whether climate change is 

Global temperature increase above pre-industrial (°C)

Estimation of number of millions people under different risks in 2080

Parry M.L., Arnell N. W., McMichael T., Nicolls R., Martens W. J. M., Kovats S., Livermore M., Rosenzweig C., Iglesias A., and Fischer G. 2001. Millions 
at risk: defending critical climate change threats and targets. Global Environmental Change v. 11, Pp. 181 – 183.
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happening or not, but whether, in the face of this 

emergency, we ourselves can change fast enough” 

(Nairobi, November 2006).

Is it possible to directly control over the planet’s 

climate? From time to time there occurs in press an 

idea that diffusing sulphate aerosols in the stratosphere 

may equalise the planet’s temperature. This idea is by 

no means new; it was put forward as early as the 1950s, 

for example by Edward Teller, the “father” of American 

H-bomb. Back then, there were many similar sugges-

tions: “peaceful” nuclear explosions, diffusion of cop-

per filings to improve the communication – at that time 

people did not know about the influence of geomagnetic 

fields on them, etc. An overwhelming majority of scien-

tists regard such interference into the planet’s life as too 

dangerous. This idea is referred to as “Faustian deal” 

because we will have to diffuse more and more aerosols 

in order to balance their effect with the greenhouse gas-

es. There is a great risk of uncontrolled nonlinear effects 

of “slithering” to the global cold and so forth. Let’s treat 

not the symptoms (the temperature) but the illness itself 

(anthropogenic change of greenhouse gases concen-

tration in the atmosphere). It will be less dangerous than 

and not so much expensive as jeopardizing our planet. 

Is it better to restore the forests? Russia is a for-

ested country and it is logical to propose using this ad-

vantage. Unfortunately, Russia’s forests are able to ab-

sorb quite a little СО
2
. In some years, after large-scale 

forest fires they even do not serve as net-absorbers of 

СО
2
. Thus, in 2000 the emission exceeded the absorp-

tion by approximately 100 million tons. In “good” years 

the absorption exceeds the emission by 500 – 600 mil-

lion tons, which is quite a lot, but makes only up to 20% 

of the total Russia’s greenhouse gases emission (power 

engineering, industry, housing and utilities services, ag-

riculture, etc.)6. Therefore, in our country the most im-

portant objective is to reduce the emissions. Globally 

speaking, it is critically important to stop cutting down 

the tropical forests; if this objective is not achieved, we 

will need to reduce the emissions still further by another 

25%, which is more complicated and expensive7.

A more appropriate and simpler way to solve the 

problem is to reduce the emissions. For the nearest 

50 years, namely by the year 2050, the WWF report 

offers a technological scenario – a concrete set of tech-

6  The Fourth National Communication of the Russian federation on UN 
FCCC, 2006. Rosgidromet, Мoscow.,  p.164 , www.unfccc.int
7  Climate Solutions. WWF’s Vision for 2050. – WWF Intl., 2007. http://
www.wwf.ru/resources/publ/book/220/

Logframe: The approach to the problem solving and the decision making scheme  

Burning of fossil fuel and cutting down of forests

Increasing concentration of СО2 and other greenhouse 

gases in the atmosphere

It’s necessary to avoid the average global 

temperature rise by more than 2°С (as compared to 

the beginning of the 20th century)

Global economic goal:

By the mid 21st century the greenhouse gases’ 

emission should be reduced by 50%.

It’s necessary to stabilize the concentration of СО2 and other 

greenhouse gases in the atmosphere at the level not more than 

550 voluminous particles per 1 million in СО2  equivalent
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ecosystems 
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hurricanes, draughts, 
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environment and 

people’s lives

It is impossible to sharply reduce the 

emissions with no harm to the global 

economy and people’s lives
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nologies that will enable us to achieve the aforemen-

tioned goal. The humankind will be able to overcome 

the “energy poverty” (nowadays about 2 billion people 

have no access to the modern sources of energy) and 

reduce the emissions, not lowering the quality of life, 

that is the range of “energy related services” (light, 

house electric devices, temperature regime in homes 

and industrial premises, transport services, etc.).  Ac-

cording to the report, in 2050 for 9 billion people the 

volume of energy services will have achieved 1000 EJ8 

= 24 billion tons in oil equivalent (6,4 billion people con-

sumed 11,2 billion tons in oil equivalent in 2004). At the 

same time the growth of total energy consumption of all 

energy services, i.e. energy efficiency and energy sav-

ing, will reduce the demand by 500 EJ. 

We will have to produce as little as 500 EJ, and what is 

more, that will be achieved virtually without greenhouse 

gases emissions; the use of hydrocarbons without СО
2
 

(CCS) catching and conservation technologies will be 

insignificant and mostly limited to transport. The authors 

of the report demonstrate that the available technologies 

8  1 EJ = 1018 J. = 23,88 million tons in oil equivalent. = 278 Kwt-h.

allow acting with a 200 EJ reserve, which leaves some 

space for maneuvering if a technology fails or cutting 

down of tropical forests is not stopped. The set of СО
2 

emission-free technologies allowing to produce 700 EJ (or 

16,8 billion tons in oil equivalent) electric power and heat 

includes: about 200 EJ coal generated energy with CCS 

application; 120 EJ of wind energy; geothermal energy 

and biomass will give approximately 80 EJ each; another 

90 EJ will be generated by the solar energy. It is supposed 

that a by 2050 fast development of hydrogen production 

from renewable energy sources will be 130 EJ. 

For the nearest 25 years, that is up to the year 

2030, IEA has prepared a detailed economic scenario 

of lower carbonic development for the global economy 

which in general is compatible with one of WWF’s sce-

narios (or, to be exact, with the one which involves the 

renunciation of cutting down of tropical forests). Initially 

IEA made Step 1 – that is, worked out Advanced Policy 

Scenario (APS) which presupposes that all countries 

will introduce all currently discussed measures relevant 

to the СО
2 
emissions reduction in power engineering9. 

9  IEA WEO 2006, www.iea.org

Source: UN FCCC Report on investments and financial flows 2007.p. 21http://unfccc.int/cooperation_and_support/financial_mechanism/items/4053.
php and WWF report Climate Solutions. WWF’s Vision for 2050. – WWF Intl., 2007. http://www.wwf.ru/resources/publ/book/220/
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By 2030, 13 biggest programmes will have reduced 

the emissions by 2 billion tons of СО
2 

a year (which 

is just as much as all Russia’s emissions today). The 

American program of car pool modernisation (CAFE) 

will reduce the emissions by 252 МtСО
2 
a year. Energy 

saving programs in residential and commercial build-

ings in the USA will bring further reduction by 161 and 

96 MtО
2 
a year. Chinese programs of energy efficiency 

in residential, industrial and commercial buildings will 

reduce the emissions by 216, 189 and 158 МtСО
2 

a 

year. The present day RE programs in China, the USA 

and the EU reduce the emissions by 230, 150 and 141 

МtСО
2
 a year. Alas, so far there are no such programs 

in Russia.

The IEA APS scenario, however, still does not provide 

a problem solution: by 2015 the СО
2 
emissions will have 

increased by 21%, and by 2030 they will have increased 

by 31% as compared to the level of 2004. Therefore, 

all currently planned measures allow just to consider-

ably slow down the increase of the emissions but do not 

solve the problem.  

To solve it, it is necessary to make Step 2 that is to 

introduce special measures aimed at the solution of the 

climate problem (this is a BAPS scenario – Beyond Ad-

vanced Policy Scenario). It shows how by 2030 we can 

reduce the emissions by another 8 billion tones of СО
2
 

a year, which directs the global to the solution of the 

climate problem. 

5.2 Recommendations
The recommendations listed below outline two di-

rections of our activities: the reduction of greenhouse 

gases emissions and introduction of adaptation meas-

ures. On the one hand, no adaptation measures alone, 

without the emissions’ reduction, will help solve the 

problem; the climate change will become so powerful 

that the humankind will not be able to cope with it. On 

the other hand, poor and vulnerable men, women and 

children are already experiencing the impacts of climate 

change, which will hit the poorest hardest. Thus adapta-

tion measures are needed at national and regional lev-

els which put poor people’s needs first.

Reduction of greenhouse gas 
emissions  

In Russia we need political and economic initiatives 

compatible with the general strategy of the lower car-

bonic global development. 

To identify as a target the hi-tech development  •

of Russia’s power engineering, to work out in 

detail a “road map” for Russia’s Energy strat-

egy. To make a decision on the development of a 

combination of economic measures (systems of in-

centives and payments) for the period up to 2030, 

allowing to distinguish the growth of emissions 

from the economic development in general.

  • To introduce standards of fuel saving for the 

production of energy and heat (with the differen-

Measure

Step 1: From 
Reference to 
Alternative APS 
scenario, Bln. tons 
СО2

Step 2: from Alternative 
to Low carbon BAPS 
scenario, Bln. tons СО2 
(estimate)

Total result, 

Lowering demand: increasing fuel efficiency 2.16 0.0 2.16

Lowering demand: increasing electric power 
efficiency

1.74 1.0 1.74

Energy efficiency and transition to a different 
fuel in power generation

0.78 1.0 1.78

Renewable fuels in power generation, biofuel 
and hybrid engines in transportation

0.72 2.0 2.72

Nuclear power generation 0.6 1.0 1.6

CCS in power generation 0.0 2.0 2.0

CCS and energy efficiency in industry 0.0 1.0 1.0

TOTAL 6.0 8.0 14.0

Source: data from IEA WEO 2006.

List of measures to cut СО2 emissions or reduce energy demand in 2030.
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tiation scale for different types of fuel and a 5-year-

step toughening of the criteria). To set up fines for 

non-compliance with the standards, and all received 

funds allocate for the development of innovative en-

ergy technologies. 

During the 5 years’ period  • to increase the utiliza-

tion of the accompanying gases to 95 % (that is 

to burn in torches not more than 5%). When making 

new license agreements, to lay down that 98% of 

the accompanying gases should be utilised, to in-

troduce a differentiated scale of fines for non-com-

pliance with this standard and serious sanctions for 

exceeding the settled 5% limit for burning gases in 

torches).

To pass  • a law on Renewable Energy (RE), which 

will decree a gradual introduction of the certification 

of activities based on RE, incentives, compensation 

payments (after the certification has been passed) 

and so on.  Taking into account the regional pecu-

liarities, to work out and adopt a plan of developing 

in Russia a RE-based power engineering; the plan 

should seek to increase by 2030 RE sector’s 

share in energy and heat production to 20%.   

To adopt a 25 year plan  • of introduction of fuel 

saving standards for new cars. To introduce the 

standards, adjusted to international norms, within 

the nearest 5 years. To lay down fines for the car 

producers for non-compliance with the standards, 

to allocate all received funds for the development of 

innovative technologies of hybrid vehicles. 

To adopt a 25 year plan of  • introduction of new 

norms and rules for the construction of new and 

reconstruction of old buildings. To introduce the 

standards, adjusted to international norms, within 

the nearest 5 years. To lay down fines for construc-

tion companies for non-compliance with the stand-

ards, to allocate all received funds for the develop-

ment of innovative technologies of hybrid vehicles.

The quantitative target to be met after the intro-

duction of all the norms and standards is a 25% re-

duction of the amount of energy consumed by the 

country’s economy (i.e. energy consumption per a 

GDP unit) within the nearest 5 years; a further 20% 

reduction should follow each 5 years. This is a dif-

ficult but quite attainable goal; within 2000 – 2005 Rus-

sian economy’s energy consumption level decreased by 

approximately 25%; it should be made clear that these 

results were brought about after the implementation of 

the simplest and cheapest energy efficiency and energy 

saving measures. 

As a result in 25 years’ time Russia will catch up 

with Europe in terms of economy’s technological 

development – it will spend only 30% of energy per 

a GDP unit comparing with 2005. If we involve RE and 

increase its share in the fuel balance up to 20%, our 

СО
2
 emissions will remain at 2005 level, despite the 

fact that our GDP will grow 4 times. To be exact, hav-

ing grown by 10-15% within the first 10 years of this 

period, the emissions will remain stable and then they 

will decline by the same 10 – 15 %.

© WWF © WWF © WWF © WWF © WW©© WW© WW© WWF © WWWFWWF© WWF WW© WWF © WWF© WWFWWF© WWF© WW© WW© WWWWFW© WWF© WWFWWW© WWFWWF WFWWFWWWWWF РОССИИРОССИИРОССИИРОССИИРОССИРОССИИРОССИИРОССИИРОССИИРОССИИОССИОССОССРОССИИОССИРОССИРОССИРОССИИРОССИИРОССИИРОССИИРОССИИОССИРОССРОССИИРОССИИОССИИРОССРОССО ИИСИССС / ЮЛИ / ЮЛИ / ЮЛИ/ ЮЛИ/ ЮЛИ/ ЮЛИ/ ЮЛ / ЮЛИ/ / ЮЛИ/ ЮЛИ/ ЮЛИЮЛИ / ЮЛ / ЮЛИ / ЮЛИЛИ / ЮЛИ// ЮЛИ / Ю/ ЮЛИЮЛ/ ЮЮЛИЮЮЛИЛИ / Ю/ ЮЛИИЯ КАЛИЯ КАЛИЯ КАЛИЯ КАЛИЯ КАЛИЯ КАЛЯ КАЛИККАЛИЯ КАЛИЯ ККАЛИКАЛИАЛИЯ КАЛИЯ КАЛИЯ КАЛЯ КАЛИКАЛИАЛИЯ КАЛИЯ КАЛИКАЛИКАЛИЯ КАЛЯЯ КАЛЯ КАЛИКАЛИКАЛИИ Л НИЧЕВАНИЧЕВАНИЧЕВАНИЧЕВАНИЧЕВНИЧЕВАНИЧЕВАНИЧЕВАИЧЕВИЧЕВАЧЕВАЧЕВАЕЕВАЧЕВАЕВАЕВЧЕВАНИЧЕВАНИЧЕВАЧЕВААЧЕВАЧЕВЧЕВНИЧНИЧЕЕЕЕЧЕЕЕ А
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To sum up, if the global economy and power engi-

neering follow the lower carbonic scenario, it will pro-

mote the reshape Russia’s export with focus on the 

share of deeply processed and readymade products, 

fostering technological re-equipment of the country and 

its neighbours.   

Adaptation for unavoidable changes
There is a need for the development of national  •

and regional adaptation plans and strategies 

that prioritise the needs of poor and vulnerable 

groups of the population. One may start with the 

regions where there is undisputable evidence of cli-

mate change negative impacts on the most vulner-

able population and ecosystems (especially true in 

the case of Chukotka, other arctic regions, Kam-

chatka and Tuva). 

For South Russia and the North Caucuses, •  it is 

necessary to prepare for unfavourable river run-offs 

and shortage of water, as well as for their negative 

impact on the country’s main agricultural regions. 

The bunch of measures must include: transition to 

the state of the art irrigation systems, construction 

of hydrotechnical facilities, introduction of draught-

resistant crops, implementation of new construction 

works in full awareness of the flood likelihood; in 

some areas – construction of anti-flood defense fa-

cilities, planting of defensive forest belts.

 For Central Russia •  it is necessary to prepare for a 

more “intensive but rare” precipitation regime, more 

frequent storms and hurricanes, recurrent heat 

waves, flooding of the lowland located in historical 

centers of towns. It is necessary to introduce mea-

sures for protection of Saint Petersburg from more 

frequent and large-scale floods caused by storms 

and the rise of the sea level.

There is a need for  • the situation monitoring and 

measures reducing the climate change impact 

on  the quality of drinking water and atmospher-

ic air, high temperatures impact on population’s 

health in the country on the whole as well as in the 

most troubled regions and the groups at high risks 

(age, social and professional).  The sites attracting 

groups most vulnerable to the impact of heat (the 

elderly and children) and public buildings must be 

equipped with air-conditioning.

There is a need for a Russian  • National Action Plan 

for Reduction of the Climate Change Negative 

Impact on Population’s Health, which will address 

among other things the problem of the spread of 

contagious and caused by parasites diseases. This 

problem must be given the top priority; all the nec-

essary vaccines must be obtained, all medical per-

sonnel must be trained beforehand. Priority should 

be given to the protection of poor and vulnerable 

groups of population.

Russia should render assistance to the Central  •

Asian countries in solving the problems of water 

shortage and exacerbated irregular river chan-

neling. This assistance may include co-operation 

in introduction of the state of art irrigation systems, 

construction of hydrotechnical facilities, and intro-

duction of draught-resistant crops. 

Russia should render assistance to the Central  •

Asian countries in building a more advanced and 

technically equipped healthcare system, especial-

ly for the most vulnerable groups of their popula-

tions – women and children.

It may be recommended for the Central Asian  •

countries to develop economy spheres less tied to 

the water resources, to reduce the share of agricul-

ture in the employment structure of the population, 

to stimulate the development of small business. 

These measures will allow to prevent mass migra-

tions caused by the water shortages. 

For Mongolia  • the most dangerous factors are ir-

regular pasturing and the growth of the livestock 

number which in the case of unfavourable weather 

conditions lead to mass losses of the animals. The 

development of the state of the art animal breeding 

and meat processing technologies will help alleviate 

the shocks of the climate change.

In regards to the water resource problem  • faced 

by the North China as well as to problem of the 

use of the River Amur’s waters, Russia and China 

need an environment-wise approach focusing 

on the rights and needs of the local population. A 

long-term co-operation and state of the art technol-

ogies will allow to solve the problem without con-

struction of big dams and water reservoirs on the 

river Amur.   
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The reduction of negative social consequences of the global warming is not a challenge faced only by ex-

ecutive authorities at the federal, regional and municipal levels, EMERCOM, healthcare and social welfare 

institutions. Under the conditions when “abnormal weather becomes a normal thing” we need concrete 

measures “from top” and a feedback “from bottom” – i.e. population’s awareness and community (small 

business and non-governmental organizations) involvement.

Fast economic growth and sustainable development of the Russian Federation cause increase in GDP per 

capita by the level of developed countries. However it also means higher ecological responsibility and help 

to poor countries in adaptation to climate changes.
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Sites of intergovernmental 
organizations and authorities

www.unfccc.int – UN Framework Convention on 

Climate Change and Kyoto Protocol: UN FCCC docu-

ments and resolutions, news, data on greenhouse gas 

emissions, official state reports. 

www.wmo.ch – World Meteorological Organization: 

broad range of materials and data on climate changes, 

news, prognoses, bibliographical references. 

www.ipcc.ch – IPCC – Intergovernmental Panel on 

Climate Change. Official reports, identification of cli-

mate changes and its causes, prognoses, environmen-

tal impact assessment. 

www.unep.ch – UN Environment Programme. Edu-

cational materials on climate change and its impacts on 

ecosystems. E-library. 

www.who.int – World Health Organization. Educa-

tional materials and information on health impacts of 

climate. 

www.iea.org – International Energy agency. Informa-

tion on efficient use of electric power, renewed energy 

etc. 

www.meteorf.ru – Russian Federal Hydrometeorol-

ogy and Environment Monitoring Service. Weather fore-

cast, information on weather events, news etc. 

www.hmn.ru – Meteobureau of Moscow and Mos-

cow Region. Weather forecast, current meteo-news and 

climate information for Russia in general. Climate news, 

bibliography etc. 

www.lib.noaa.gov – US National Oceanic and At-

mospheric Administration Central Library, broad range 

of materials and data on climate change. 

www.wri.org/climate – World Resource Institute. Infor-

mation on climate change problems and possible solu-

tions, analytical and informational materials.

www.sternreview.org.uk – British site on the eco-

nomics of climate change. The Stern Review, 2006.

NGO sites

www.panda.org/climate – World Wildlife Fund – 

WWF International, climate programme. Information on 

climate change and its impact on ecosystems, WWF 

programme «New Power – New Life» (PowerSwitch!). 

www.wwf.ru – World Wildlife Fund – WWF Russia. 

Information on the broad range of environment protec-

tion issues including climate change and its impact on 

ecosystems. E-library (also on climate change issues)  

www.oxfam.org –Oxfam International, projects on 

poverty and social injustice, publications on the broad 

range of social and ecological issues including climate 

change.

www.greenpeace.org/russia/ru/ – Greenpeace 

Russia. Broad range of acute ecological problems in-

cluding climate change and energy – saving issues.

http://greenpack.rec.org/ru – interactive “Green 

Book”, educational materials for school students and 

teachers illustrating climate change problems and solu-

tions; teaching materials.

www.rusrec.ru – Russian regional ecological center. 

News and analytical materials. The economics of envi-

ronment. Climate change problems and Kyoto Protocol. 

Discussion and information sites 
specifically devoted to climate change 
issues 

www.realclimate.org  – one of the foremost world 

sites for academic discussions on climate change (sup-

ported by scholars of NASA Goddard Institute for Space 

Studies). News and discussions of any issues except 

politics. Questions and answers. 

www.climatechange.ru – educational and informa-

tional site on climate change issues (in Russian). 

www.pointcarbon.com – facts and analytical materi-

als on current condition of global carbon market. Cur-

rent news, e-library.  

www.pewclimate.org – Pew Center on Global Cli-

mate Change brings together entrepreneurs, decision-

makers and scientists who are concerned with climate 

change problems. Materials on climate change policy, 

news and publications. 

www.nature.com/climate – site of the «Nature» 

journal, free access to essays and articles on climate 

LIST OF RELEVANT SITES ON ENERGY AND CLIMATE 
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change, information and different views on climate 

change problems.

http://blogs.nature.com/climatefeedback/ – site 

of the «Nature» journal, informal discussion on climate 

change.    

Should you learn about other climate change sites, 

please, feel free to contact akokorin@wwf.ru
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