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INTRODUCTION 

There is growing concern about the increasing anthropogenic effect on the earth’s climate system and 
its impact on nature and human beings. The world community must take action to both investigate 
the problem and try to solve it. In recent years fundamental international (IPCC, 2007) and Russian 
(Assessment Report, 2008) works have been published, with detailed analyses of the reasons for and 
scale of human impact on climate system as well as currently-observed effects and future forecasts. 
In late 2009, the Russian President signed the Climate Doctrine, and in April 2011, the government 
adopted its implementation plan. Analog and mathematical modeling of the earth’s climatic system is 
one of the eight key research trends in the complex plan for scientific research on weather and climate. 
Development and deployment of atmospheric and ocean general circulation models is one of the top 
priorities for Russian science: it is the basis for the long-term climate forecast needed to make sound 
economic decisions about adaptations to current and predicted weather and climate impact and the 
mitigation of anthropogenic influence on climate (Climate Change, 2011). 

An analysis of climate change and its impact on the ecosystems, population and economy of the Altai-
Sayan Ecoregion (ASE) is therefore timely. 

The studies were undertaken as projects of the United Nations Development Programme and the 
Ministry of Natural Resources and Environment of the Russian Federation, funded by the International 
Climate Initiative of the German Government. Germany is deeply concerned about climate change, 
caused mainly by the atmospheric emission of СО2 and other greenhouse gases primarily as a result of 
the use of fossil fuels such as coal, gas and oil products. Man-made global climate change is often difficult 
to isolate from natural climatic variability and local human impact. However we must begin the process, 
and this report should be considered as a step in that direction in the ASE. Many studies have already 
been conducted in the ecoregion about the problems of climate change. Despite the large quantity of 
fundamental research on climate change and its impact on the region, there are relatively few action-
oriented studies focused on specially protected nature areas in the context of climate change. Among them 
we note the participation of the Katunsky Biosphere Reserve in the UNESCO/MAB – GLOCHAMOST 
rogramme (Global and Climate Change in Mountain Sites – a complex of adaptation strategies for 
mountainous biosphere reserves). UNESCO recognized this reserve as a “champion” among 25 biosphere 
reserves participating in the programme. We note the research on global change in mountain ecosystems 
conducted in 2005–2007 within the project of the Ministry of Natural Resources of the Russian Federation 
and Institute of Geography of the Russian Academy of Sciences (RAS), and the project implemented by 
the Federal Supervisory Nature Management Service and the Research Institute of Mountain Forestry 
and Forest Ecology (2009), in which the Katunsky Biosphere Reserve also participated. 

The first attempt to systematize and integrate knowledge about climate change in the ASE and 
its impact on biodiversity and ecosystems was made in 2001, with the publication of the Altai-Sayan 
Ecoregion environmental certificate (Kokorin et alias, 2001). That publication highlighted the threat 
of winters with heavy snow, quick thawing weather and flash floods as potentially the most unfavorable 
effects of climate change in the near future. It was noted that the mitigation of double stress – direct human 
impact and climate change – required strict anti-poaching measures, control of grazing (especially in 
Mongolia), technical and organizational preparation for flash floods and the expansion of the protected 
nature area network. 

The studies (Bazhenova et al., 1999; Bazhenova, Martyanova, 2001) examined trends of climatic 
desertification in the Khakasia steppes (Shirinsaya, Uybatskaya, Kobalskaya), noting the probability of 
increasing soil degeneration under conditions of thinned grass stand and heavy desiccation of the upper 
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Abbreviations 

ASE  Altai-Sayan Ecoregion
a.s.l.  Above sea level
B  Billions (1 Billion = 1,000,000,000)
K  Thousands
M  Millions
RAS  Russian Academy of Sciences
RF  Russian Federation
SPNA  Specially protected nature area
t  Tonnes/metric tons (1 tonne = 1000 kg)
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horizons of slope detritus that would be facilitated by hot dry winds which induce heavy soil evaporation. 
The study conducted by M.E. Belgibayeva and A.V. Bely (2002) suggests that in a warming climate, the 
steppe area will be reduced by 6 to 23%, desert areas will expand; eolian processes and pediplaining of the 
territory will increase. The loss of water resources in the Irtysh River could be as high as 34–73%. Spring 
wheat crop capacity will be reduced by 16–70%. Biogeographical zones and sub-zones are estimated to 
shift northward 350–400 km. 

The highest rate of warming within the boundaries of the mountain regions occurs in the intermountain 
basins of South-Eastern Altai. In the Chuysk basin (Station Kosh-Agach) average winter temperatures 
during the last 40 years are higher than the average perennial temperature by 3.3°С, and the average 
temperature difference for this 40-year period and for the last decade (1992–2001) is 5.9°С. The upper 
boundary of the forest advanced significantly up the slopes toward the alpine and sub-nival altitudinal 
belts. Fir settles upward in highland river valleys, while larch and cedar progress toward the tundra. Thus 
it was noted that saplings in the Oroy River valley in the Severo-Chuysk Range climbed 50–60 m higher, 
which expanded the area of subalpine open tree formation by 500–600 m toward the tundra (Modina, 
1997; Modina et al., 2002; Modina, Sukhova, 2003). It was noted that the phenological phase of plants 
shifted (foliage expansion on birch trees and the blooming of bird cherry begin 5–10 days earlier), as did 
the arrival and departure of migratory birds. Many birds which previously departed to wintering grounds 
in other regions now spend the winter in Altai (Sukhova, 2003). 

It was also noted that during the last 50 years there was a downward trend in the formation rate of ice 
fields in Altai (the Kubadru River valley) related to autumnal humifying alteration (Bykov, 1998). 

The work conducted by Y.K. Narozhny (2001) shows that the number of glaciers in Altai (Aktru basin, 
Severo-Chuyskiy Range) increased by 25% due to the disruption of large glaciers. Total glaciation area 
is reduced by 11%, with different rates of glacier degradation (from 8–50%). The volume of glaciers 
decreases more intensively (by 19–34%). The deglaciation rate increased by almost 1.5 times. It was 
assumed that the clear negative trend observed in their annual mass balance variations would not change 
in the near future. 

The plant community responds to climate warming in mountain regions (Altai, Severo-Chuysky 
Range, Aktry River basin) with pioneer species settling on deglaciated surface as early as the first years; 
such species then form stable communities dominated by grass. This stage can last up to 30 years. 
Anophyte and moss microcommunities emerge in just 40 years (Timoshok et al., 2003). 

The primary factors that determine the current spatial arrangement of Siberian plant life were 
identified (Yermakov, 2003). Analysis was conducted on the impact of variations in environmental 
factors on Siberia’s rare and endangered plant communities. The impact of the Sayano-Shushenskoye 
Reservoir on the status and species composition of plant communities in the Sayano-Shushenskiy 
Biosphere Reserve was assessed. 

Two basic types of activity are of particular importance for managing the climate change problem. 
Firstly, climate change mitigation. Primarily it means reducing greenhouse gas emissions and adopting 
measures to increase СО2 absorption by forests and other land ecosystems. We would like to note that in 
accordance with the UNFCCC, it is not carbon deposited in ecosystems as the result of СО2 absorption 
from the air that should be considered, but the deviation from the baseline – specific results of targeted 
human activity on СО2 absorption increase as compared to routine developments without special projects 
and measures undertaken. 

Secondly, adaptation to the effects of climate change that are already occurring or expected in the 
near future (they usually cannot be prevented by reducing greenhouse gas emissions). 

This report is focused on these aspects of adaptation. The mitigation of climate change is discussed in 
Section 6 (as a component of ecosystem services that can be realized in the ASE). 

In December, 2010, the 16th Conference of the Parties to the United Nations Framework Convention 
on Climate Change (UNFCCC COP16) in Cancun, Mexico, made a number of critical decisions1. Primarily 

1  See UNFCCC document at http://unfccc.int/files/meetings/cop_16/application/pdf/cop16_lca.pdf 

they deal with aid to developing countries in a whole range of activities: emission reduction (mitigating 
climate change), adaptation, REDD activity (Reduction of Emissions from Deforestation and Forest 
Degradation), technology transfer, and capacity building. It is important to note that developed countries 
keep the promise to extend “fast” financing in the amount of USD 30 billion during 2010 –2012 given 
at COP15 in Copenhagen2. Adaptation efforts are focused on the National Adaptation Programmes of 
Action (NAPA) of the Least Developed Countries (LDC). Currently such programmes are carried out in 
45 countries having LDC status; each plan includes about 10 projects3 on average. The matter of principle 
deals with other countries without LDC status including all the countries of the Former Soviet Union 
not included in Annex I to UNFCCC. It is highly probable that their adaptation plans will be financed 
through NAPA. It means the structure, procedures, standards and practice of international assistance in 
adaptation within UNFCCC as a whole. 

On the other hand countries listed in Annex I, including Russia, shall be sponsors to foreign adaptation 
projects within UNFCCC. Here it is reasonable to use NAPA experience. 

Furthermore when planning adaptation activity within Russia, for instance at the regional level, it 
seems advisable to use NAPA experience4 instead of establishing new measures or standards. 

NAPA’s work demonstrate that effective development of adaptation action requires first analyzing 
the social, environmental and economic impact of climate change on existing problems (aridity, 
land waterlogging, flooding, drinking water deficit, and road and bridge problems due to landslides). 
Adaptation shall be focused on preventing or abating the aggravation of the ecoregion’s existing problems 
resulting from “abnormal” weather and climatic events. 

In their studies the authors took into consideration two major distinctive features of the ASE. 
Firstly, to date there are no significant social, environmental or economic problems identified in 

the ecoregion that have been clearly caused by global anthropogenic climate change (in this report we 
do not discuss local man-made small scale climate change related, for instance, to hydropower plant 
construction and formation of large water-storage reservoirs). On the one hand, this is good news – 
the ASE is currently not subject to severe natural calamities like many countries in Africa, Asia, the 
Arctic, Australia, many regions in the USA, Europe and China. Indeed this region is mentioned much less 
frequently than most others in the RF Assessment Report on climate change and its impact (Assessment 
Report, 2008). 

Global experience shows that this situation will not necessarily continue. It is possible that it will 
worsen; therefore the establishment of monitoring systems and preparation for potential impact is still 
an urgent task for the ASE. It is possible to identify certain complex problems whose environmental and 
climate-related risk factors increase during the realization of social and economic projects. An example 
could be the pipeline construction project across the Ukok Plateau. With its mountain tundra steppes, 
the plateau is a site of great interest where climatic variations have already had significant impact on 
permafrost. The plateau is home to a unique cultural heritage; there are many archaeological sites, 
in particular burial mounds. The plateau is the point at which many river runoffs are formed, and a 
combination of permafrost degradation, glacier changes and human intervention in the form of road and 
pipeline construction will probably lead to serious changes in the hydrological regime. Undoubtedly this 
issue requires detailed analysis, including slope process and soil stability change scenarios. 

Secondly, there are no estimates of climate change in the ecoregion for the next 20–30 years – this 
is crucial for assessing impact. 

On the one hand, climate change modeling and scenario development are now coordinated into global 
scientific work based on atmospheric and ocean general circulation models and associated regional blocks 
of higher resolution. Today nearly all global efforts in modeling are united within the CMIP5 Project 
on model testing and comparison, and there are plans for improved methods of model enhancement 

2 Details are available on special Website for fast climate financing at www.faststartfinance.org 
3 UNFCCC Website on NAPA http://unfccc.int/cooperation_support/least_developed_countries_portal/items/ 4751.php
4 National adaptation programs: summary of preparation and development of project implementation strategies and presentation of revised 

lists of projects (http://unfccc.int/essential_background/library/items/3599.php? rec=j&priref=6988#beg ). 
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(Models, 2008; Climate Change, 2010). In the CMIP Project, Russia participates through the A.I. Voeikov 
Main Geophysical Observatory (MGO). That is why on the MGO website there is an interactive climate 
forecast map without the option to select the model; instead the map has the aggregated results of 16 
models (Interactive Map, 2011). For the time being scientists operate averaged prognoses. 

On the other hand, models forecast average seasonal temperature and precipitation fluctuations only 
while ecosystems, people and economy are impacted by dangerous weather events (floods, dry weather, 
heat waves, abnormal frost, storms, etc.) – the frequency and intensity of which continue to increase 
around the globe. Thus models can not predict the real impact in principle. There are some exceptions, 
for example, forecasts based on average climate effects (sea-level variations, Arctic ice thinning, coastal 
storm denudation, permafrost condition and status of its infrastructure, etc.). But due to its geographic 
location these effects do not apply to the ASE, so modeling can not provide us with real information 
about future impacts. 

In the ASE there are mountain glaciers whose thinning and degradation also represent the perennial 
averaged climatic effect; however, these changes do not have the significant impact on ecosystems and 
local populations here as they do in Nepal or Tajikistan. In the ASE quite a few people live in areas 
directly influenced by glaciers; we do not register dangerous water accumulation level in glacial lakes 
threatening their outburst flooding (GLOF). Therefore, taking into account the importance of this effect, 
it is secondary for the ASE. Moreover for many regional glaciers, snow accumulation conditions are more 
important than the general climatological situation (see Sub-section 3.2.1). 

Desertification – another perennial averaged climatic effect – constitutes a threat to the ASE, in 
particular to the Republic of Tyva. Objectives of this study did not include analysis of this problem as 
an independent forecasting task, furthermore global climate forecasting models are still too generalized 
to enable us to investigate the impact of climate change in detail. However it is advisable to set up a 
task force to monitor the desertification processes resulting from combined anthropogenic and climatic 
factors in the steppe regions of the Republic of Tyva. 

We would like to highlight the situation to the south of Tyva, in the Mongolian part of the ASE, 
which is worse than that in the Russian territory. There the invasion of the Gobi Desert is evident, 
along with associated social and economic problems. Problems with meat sales to Russia caused the 
resident population to switch to goat breeding and selling wool to China; this in turn led to overgrazing 
and a shortage of the cattle biowaste which was previously used as fuel. The shortage of fuel led to the 
depredation of tree vegetation that would have been able to slow the spread of the desert. 

The situation can be illustrated by the forest fire forecast. The RF Assessment Report on Climate 
Change (Assessment Report, 2008) includes forecast maps of fire danger for vast, mostly flat areas; 
fire danger is usually shown as the number of days with a high level of fire danger per year (percentage 
change in number of days with high and higher level of burning index, G>1000). The Report concludes: 
“in the first half of the 21st century it is estimated that the numbers of days with potential forest burning 
index as “high and higher” will increase by 20–60% in Western Siberia, in Eastern Siberia and the Far 
East middle latitude”. A decrease in the number of days with a high level of fire hazard is probable in 
relatively small territories. By 2050 major taiga areas in Siberia and the European part of Russia could 
be added to the regions with a significant increase in fire hazard. All these will require a higher state of 
firefighting preparedness and more stringent rules for staying in the forest during periods of high fire 
risk 5. Unfortunately, the level of detail of current forecast maps is insufficient for making predictions 
in the ASE, let alone specific features of mountain areas. In accordance with the Assessment Report, on 
an average by 2025, the number of days with high burning index in the ASE could increase the average 
values for 1961–1990, and by 2050 this percentage could reduce to 12–20%. Such prognostic estimates 
are not sufficient for our purposes–they indicate that the reality will be “somewhat worse” without 
numeric specification. 

5 Assessment Repot on Climate Change and its Impact on the Territory of the Russian Federation. Roshydromet, 2008, v. 2, p. 278: 
http://climate2008.igce.ru 

The slow shift of biogeographical zones, distribution areas of plant communities and forest crop 
quality can be considered the perennially averaged climatic effect. This estimate for the end of the 21st 
century was made in our study and was refined to identify “hot spots”. However it does not replace the 
forecast of the increase of the frequency and intensity of dangerous weather events (flood, drought, 
heat and cold waves, thunderstorms, heavy snowstorms, storm winds, etc.) which cause most of the 
damage. 

The ASE needs a forecast of the frequency and intensity of dangerous weather events. It is not 
yet available in Russia, but work to compile the necessary data is underway, particularly at the Main 
Geophysical Observatory (MGO). 

We would like to highlight the fact that while long-term forecasts for the 21st century are available, 
their analysis represents a separate task–aspects of which are discussed in this report (see Section 3.1); 
however the main focus was on real-world problems and issues we will face in the next decades. 

A combination of these two factors prevented us from adopting global experience, in particular NAPA, 
and following an ideal flow chart. A relatively weak climatic “signal” turned out to be very complicated 
to identify, while the future is more uncertain than in other ecoregions. That is why it is more difficult 
to carry out this work in the ASE than in many other regions, where, based on NAPA experience, the 
issue of what to adapt first is not questioned, and the problem is “simply” one of organizing projects and 
emergency operations. 

During the course of the preparation of this “slice” of the existing climate change situation, several 
factors stood out: ecosystems and species, water resources, potential adaptation actions and the 
ecoregion’s ecosystem services.

This report represents an integrated information bank on a number of topics that will assist work 
when significant adverse climate effects occur and/or sufficiently certain forecast of climate change can 
be made. The authors have prepared a detailed “slide” of the current situation in the ASE covering many 
topics, utilizing all possible materials collected in relation to them and including trends – even if they are 
not material and can not be viewed as statistically significant. 

The authors make no claims to the completeness of this report. It was impossible to access upper 
trophic levels of the ASE ecological pyramid and assess the existing and potential impact of climate change 
on wild animals and flagship species of the ecoregion. It is impossible to gauge the impact of climate 
change on the snow leopard and argali and to make plans to aid their adaptation to global climate change. 

Like most animals around the world, the above-mentioned species suffer most not from perennially 
averaged temperature variations during a year or a season (as noted above, it is quite predictable) but 
from the frequency and intensity of dangerous weather events. In particular, very snowy winters will be 
unfavorable for the snow leopard as high snow covering hinders feeding. For the argali and all hoofed 
animals, conditions such as warm thaws alternating with frost-forming shell ice make it difficult to access 
food. Several years ago in Dauria, thousands of animals died because of these factors. Abnormally high 
snow cover is also dangerous for hoofed animals. 

As noted above, we currently do not have forecasts for more frequent snowy winters, thawing weather 
and frost and other events. Forecasts are not available for the whole ASE (at an average for the ecoregion), 
though general forecasts of dangerous weather events are insufficient for flagship species. In this case 
a “micro-regional” forecast is needed–it is necessary to know how the micro-climate will change in the 
range of a certain group of snow leopards, etc. The development of such forecasts in the long-term is 
possible (perhaps in 10 years, however,  until then we will be at the stage of accumulating data. 

The second result of the existing situation is the emphasis on future ecosystem services of the ASE – 
a pledge of its sustainable development. Most services can not be realized in the near future, but their 
potential must be recognized, as full economic realization of those services can be a long-term goal of the 
social and economic development of the ecoregion. 

Consequently, this study is organized as follows: description of the existing climate impact on 
ecosystems, species and water resources of the ecoregion (Section 3); suggestions on impact indicators 
specific to the ASE that could assist assessing its vulnerability (Section 4); assessment of the above-
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mentioned vulnerability (Section 5); suggestions on adaptation activity and, as far as possible, climate 
change mitigation measures (Section 6); finally, analysis of major information gaps and plan of further 
action (Section 7). 

Section 1 gives an overview of the ecoregion. 
Section 2 provides a detailed description of the present ASE climate, its current variations and 

presents expected change estimates. 
Section 3 presents a detailed analysis of the possible impact of climate change on phytome 

(Subsection 1). Using a bioclimatic model, an extensive analysis was carried out on potential variations 
of the vegetation cover by the end of the 21st century. The time period of direct actions (20–30 years) is 
too brief to have natural zones of vegetation cover significantly shifted. Therefore a more distant prospect 
for the late 21st century (for 2080) was analyzed in two “ultimate” assumptions – the best case and the 
worse case scenarios of anthropogenic impact on climate. We want to note that the 5th IPCC Assessment 
Report that is currently being prepared shall present a different set of scenarios, though the “ultimate” 
cases will be generally the same. Given the conditional and uncertain nature of these scenarios, this work 
is an illustrative example of significant impact potentiality. Based on it, Section 5 presents vulnerability 
analysis together with defining of “hot spots”. In addition to analyzing “future maps” – assumption of 
phytome status by the end of the century – presented in this Subsection, our study analyzes mechanisms 
of forest tree migration and area alteration as well as the impact of climate change on tree growth and 
height, as one of the key elements of forest crop quality. 

The second subsection of Section 3 analyzes water resources status. It presents extensive materials 
on bodies of water, especially on glaciers as the most climate-dependent natural phenomena. Generally, 
glaciers in the ASE are diminishing; however this process may depend on various factors including glacier 
evolution or local snow accumulation. Within the ASE we observe the increase of dangerous floods on 
large rivers in Altai and Western Sayan, primarily resulting from more intensive spring warming. 

Based on the experience and practice of UNFCCC NAPA, Section 4 presents a summary sheet of 10 
key adaptation goals, vulnerability factors or indicators and associated adaptation activities or strategies. 
Given the uncertain conditions of the ASE, it was impractical to narrow the list of indicators and activity 
types, as in Section 6 most of them are used to assess potential climate change impact on the ability of 
the ASE to render ecosystem services. Therefore summary table 4.1 represents UNFCCC NAPA expertise 
for the world as a whole. 

The first subsection of Section 5 analyzes the vulnerability of plant communities. Based on climate 
change impact analysis in Subsection 3.1, the authors identified so-called “hot spots” where we can 
expect to find and monitor the first alterations in the vegetation cover. In addition, they assessed the 
vulnerability of phytomass reserves and analyzed the situation with species and plan communities that 
are rare and particularly sensitive to climate change. 

Separate detailed analysis was carried out on the climate sensitivity of rare plant species. The authors 
identified rare and important plant communities whose areas would be significantly reduced or entirely 
vanish in the Altai-Sayan Ecoregion under predicted warming scenarios. Analysis was conducted on 
plant species that currently have vulnerable status and are endangered or in transition to extinction 
status. A summary sheet was prepared listing particularly vulnerable plant species and indicating their 
habitat and distribution. 

An assessment of the vulnerability of water bodies is presented in Subsection 5.2 based on information 
gathered in Subsection 3.2. Four types of the most vulnerable water bodies and watercourses are 
identified in the subsection, together with a number of negative trends, such as flood, and the increasing 
frequency of flood water and landslides. These and other adverse changes in river regimes (for example, 
waterlogging of extensive areas) argue for the adoption of a more stringent selection process when siting 
business and residences. 

In this work the issues of the impact of climate change on the population and economy are analyzed 
in the complex: impact, sensitivity, and measures. Therefore all these factors are discussed in Section 6. 

The first part of Section 6 summarizes the whole range of ecosystem services that are theoretically 
applicable to the ASE; the second part (Subsection 6.4) presents an approximate set of possible measures 
and actions. 

Certain provisions and suggestions in Subsection 6.4 will provide food for thought for economists, 
business representatives and environmentalists. 

Section 6 does not consider the traditional resource uses of indigenous people. This issue has 
received good study in a number of projects on the adaptation of traditional lifestyles and nature uses 
(for example, the Siberian stag breeding) to potential climate change. In accordance with the nature 
of these projects, they focused on relatively small population groups of the ASE, while the Assessment 
Report analyzes the situation in the whole ecoregion. Therefore this work does not summarize the above-
mentioned projects. 

We believe this particular section will help set benchmarks for future sustainable economic and social 
development of the ASE. Given the high level of uncertainty of the ASE climate forecasts, solving current 
social, economic and environmental issues is a priority. It will enable us to lay a foundation for adaptive 
actions as well as undertake measures on increasing СО2 sequestration by land ecosystems (carbon 
storage). Therefore this work includes an extensive summary analysis of the whole range of possible 
activities for rendering ecosystem services. 

Section 7 presents suggestions for filling the information gaps indicated in Sections 2–6 as well as 
further actions. Climate change is both a global problem and a global process. No area study of those 
changes can provide a broad picture of either the current or future situation. The major anthropogenic 
factor driving climate change is the human-indused change in atmospheric chemistry, primarily the 
sudden increase of СО2 concentration. This leads to a barely perceptible percentage increase of the 
greenhouse effect in the earth’s atmosphere, which has significant global consequences. We would like to 
stress that temperature, precipitation and other easily observed parameters are not primary; they are just 
the result of combined anthropogenic and natural impact on the climate (increase of СО2 concentration, 
surface albedo alteration, solar activity, earth orbit variations, etc.). Thus in this process we cannot be 
ahead of our time and do more than global knowledge on climate change allows, and unfortunately there 
are very serious limitations to that knowledge (Assessment Report, 2008). 

The summary presents provisions from Section 7 in more condensed form as well as final comments 
and suggestions on climatic activity deployment in the ASE. 

The authors express their gratitude to A. A. Averchenkov, Y. P. Badenkov, A. I. Bondarev, N. A. 
Belokopytova, A. V. Bryukhanov, A. R. Grigoryan, G. E. Insarov, V. G. Krever, N. E. Olofinskaya, N. E. 
Onufrenya, M. S. Stishov, A. B. Shmakin, V. V. Elias and T. V. Yashina for their comments, advice and 
support in preparation for this publication and also appreciate all our colleagues who assisted in data 
collection and preparation of the materials. 
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1. OVERVIEW OF THE ALTAI-SAYAN ECOREGION 
The Altai-Sayan Ecoregion covers an area of 1,065,000 km2 in the center of Eurasia. The ecoregion 
extends into the territory of four countries: 62% of its area is in Russia, 29% is in Mongolia, 5% is in 
Kazakhstan, and 4% is in China. In Russia ASE segments are located within six members of the Russian 
Federation (administrative regions): the Republic of Khakasia, the Republic of Tyva, the Republic of 
Altai, the Kemerovo and Irkutsk Regions, the Altai and Krasnoyarsk Territories and the Buryat Republic 
(Fig. 1.1). In accordance with biogeographical regionalisation scheme, the Russian part of ASE is divided 
into six provinces: the Altai, the Sayan, the Salairo-Kuznetsk mountain systems, the Tannu-Ola mountain 
system with Ubsu-Nur depression, the Tyva closed depression and the Minusinsk and Chulym-Yenisei 
basins. Mountain terrains with tundra, forest, steppe, and desert ecosystems are generally predominant. 
Eremiums (grass species) prevail in Mongolian and Chinese segments of the ASE. 

Various unique ecosystems are representative of the region, home to exotic “flagship species” – living 
symbols of the area – such as the snow leopard and argali. The ASE was included in the list of WWF 
Global 200 priority ecoregions because of its high species diversity. The region’s cultural diversity is also 
great, with numerous ethnic and ancient cultural sites: its conservation is important not only for reasons 
of biodiversity but also of cultural heritage. 

The ecoregion is one of the largest natural territories in the world which is minimally disturbed and 
transformed as a result of human activity; by safequarding the area we have a rare opportunity to save an 
important part of the planet’s biodiversity (Fig. 1.2). The global importance of the ecoregion is confirmed 
by the fact that it has two areas listed as UNESCO World Heritage sites. 

While largely remaining a low-affected territory, the ASE is subject to negative factors including 
climate change.

1  Ed. Note: Terms used in this book for types of the Russian Federation administrative-territorial divisions are region for oblast and 
territory for krai (kray). 
 
 

The global situation in general and the situation in mountain ecosystems in particular suggests that 
the natural resources of the Altai-Sayan Ecoregion are vulnerable and that climate change could have 
a major impact with wide implications for people and ecosystems there. Under these circumstances, 
threats to the biodiversity of the ecoregion will increase. Effective measures are required to preserve 
living resources of the region that have global importance. The formation of a climate change adaptation 
strategy is one such measures. National adaptation plans have already been developed for many countries, 
including 45 developing countries. In reality, however, these plans lack detail on the level of ecosystems 
and fail to consider all aspects of sustainable development and ecosystem conservation. 

Fig. 1.1. Administrative map  
of the Altai-Sayan Ecoregion1 

Source: www. altai-sayan.com 

1. Overview of the Altai-Sayan Ecoregion

Fig. 1.2. Map of the Altai-Sayan Ecoregion and federal specially protected nature areas of its Russian part. Red 
line  indicates the borders of the Russian part of the ASE 
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Federal SPNAs in the Russian Portion of ASE
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2. CLIMATE CHANGE IN THE RUSSIAN PORTION OF THE 
ALTAI-SAYAN ECOREGION 

Esfir ya. rankova and Georgy v. Gruza

For the purpose of the development of economy and natural resources of the Altai-Sayan, it is necessary 
to consider specific features of the regional climate, variability and estimated climate change significant 
for assessing direct and implied threats to biological and landscape diversity of the region. Demand 
for reliable climatologic information needed for planning climate change adaptation measures and risk 
management is growing. It was not incidental that the 3rd World Climate Conference (2010) declared the 
enhancement of climate change information support as one of the major problems for hydrometeorology. 
This report presents in-depth data about the current climate of the ASE, observed changes and an 
assessment of the climate change expected in future. Such information serves as the basis for deciding 
measures for helping natural ecosystems adapt to climate change. 

2.1. ClIMatE, ClIMatE ChaNGE aND ClIMatIC varIaBIlIty  
 (FUNDaMENtal DEFINItIoNs) 

First let us define the concepts “climate”, “climate variable” and “climate change”. 
The physical state of the atmosphere in a given area of the world at a given point of time is defined as 

weather. Features of the atmospheric condition are air temperature, pressure, wind speed, moisture 
content, precipitation, sunshine, and cloud cover, as well as such phenomena as fog, rime, glazed rain 
and other weather variables (weather patterns). 

In a restricted but generally accepted sense, climate is a weather change summary presented 
by a set of weather patterns in a given spatial domain and given time interval. Climate is characterized 
by a statistical description in terms of the average, extreme, and variability ratios of respective values and 
phenomenon recurrence rate for a selected period of time. All these descriptive statistics are referred to 
as climatic variables. 

The most important and commonly-used climatic variables frequently used as climate condition and 
climate change indicators are air temperature at the ground surface and atmospheric precipitation. 

In current parlance, the term “climate” is also used instead of the term “global climate,” which is 
described by a set of global climatic system conditions within a given period of time. The latter consists 
of five major components: atmosphere, hydrosphere, cryosphere, the continents’ surface, and biosphere; 
their interrelation has significant impact on long-term weather variations. 

The spectrum of changes of meteorological and oceanographic parameters is continuous; similar to 
most non-periodic processes its density tends to infinity for periodic components and their harmonics – 
annual and daily components. 

Climate change for a given area or the world as a whole is described by difference of certain climatic 
variable for two given periods of time. This change can be considered real if it exceeds probable error in 
calculating respective climatic variables. 

Climate change can result from both natural internal and external factors and the effect of human 
activity. 

As recommended by the World Meteorological Organization (WMO), the period of 30 years, in particular 
1961–1990, is used as a standard (baseline) period for estimating climatic variables defining the current 
climate. Today this period is still used as a baseline, and by default the average of this particular period is 
referred to as the norm, and deviation from the norm is defined as anomaly, though recently suggestions 
have been made to approximate the baseline period to the present situation due to observed climate change. 

Today, climate change studies largely address the following issues: 
1) determining what changes are occurring now; 
2) broadening our understanding of past and present climate and observed climate change; 
3) identifying probable future climate changes. 
Statistical analysis of all cumulative observations for the historical period of such 

observations is the basis for identifying climate change. The causes of identified climate changes and 
what climate changes are likely to occur in the future are questions that can be answered only through 
climatic processes studies using global climate physical and mathematical modeling and general 
atmospheric and ocean circulation models. 

2.2. ClIMatE ChaNGE oBsErvED DUrING rECENt DECaDEs 

In this study the authors derived the key estimates of present climate in the Altai-Sayan Ecoregion and its 
trends directly from hydrometeorological survey data obtained from the Roshydromet state observation 
network (http://www.meteo.ru) and extended them to the present time. In addition they used historical 
data (including climate transience and extremity index) obtained from climate data prepared by the 
Institute of Global Climate and Ecology of Roshydromet and RAS. Materials from the IPCC Fourth 
Assessment Report (AR4, http://www.ipcc.ch) are used in subsection 2.3. 

Fig. 2.1 shows weather station network used in this study, in particular, locations of 518 Russian 
stations with available monthly data and 150 stations with available daily data. 

The territory of the Altai-Sayan Ecoregion (see blue rectangle in the upper figure) is shown in large 
scale in the Fig. in the bottom. Stations with local climatic data are given in squares showing the name of 
the station and its elevation (m). 

2.2.1. Present climate of the ecoregion 

To describe the present climate, this study uses the period 1976–2005, i.e., the last three decades ending 
with a year divisible by 5. As mentioned above, the period of 1961–1990 is currently referred to as the 
baseline for estimating climatic norms as recommended by WMO. However, it appears that under the 
conditions of changing climate (which undoubtedly is the present period), it is advisable to update those 
estimates every five years. 

Spatial distribution of the multiyear average (climatic norm) of climatic variables is given below in 
Figures 2.2 – 2.8. They extend our understanding of the present climatic regime in Russian territory and, 
in more detail, on ASE territory. Whenever possible, estimates are given here for the whole year and for 
central months of extreme seasons – January and July. 

The climate of the Altai-Sayan Ecoregion is determined by its location near the center of the continent, 
its remoteness from the oceans and its terrain features (and consequently, circulation) which favor the 
diversity of local climates with pronounced continental characteristics, especially in southern regions. 

The distinguishing feature of circulation within the region is essentially westerly winds prevailing 
during the entire year at a height of 1000–2000 m. The center of winter Asian anticyclone located directly 
to the south of the region gives the prolonged and cold winter pronounced temperature inversions in 
intermountain basins (the temperature in the basins is noticeably lower than on the slopes). On Asian 
atmospheric high decays, southern cyclones often break through accompanied by thawing weather, 
an increase in wind speed and heavy snow showers. Quick freezes are usually caused by Arctic surface 
anticyclone winds intervening from the rear side of cyclones that plunge from Taimyr. Interventions 
of this kind reinforce the Asian anticyclone, and dry and frosty weather settles in the regions for a long 
period. As far as the continent warms up, the surface pressure drops and Asian anticyclone decays. In 
summer, Persian thermal depressions and more pronounced cyclonic activity are formed close to the 
ground surface to the south of the region. 

2. Climate change in the Russian Portion of the Altai-Sayan Ecoregion
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Before discussing the results of the analysis, it must be noted that only large-scale details are reliable 
with a map of climatic values obtained through computer graphics based on data from a limited station 
network. 

Fig. 2.2 shows spatial distribution of yearly average temperatures on the Russian territory and 
separately on the territory of ASE (below). 

We can see that temperature in ASE decreases west-to-east (similar to the whole of Russia). The 
highest yearly average temperature is in the south-west, in Altai Territory (where the yearly average 
temperature exceeds +2˚С); the coldest area is in the south and south-east (where the yearly average 
temperature falls below -4˚С). The interesting fact is that in quite a large part of the ASE territory 
along the southern boundary, the yearly average temperature is below -2˚С, mainly in the south of the 
Republics of Buryatya, Tyva and Altai (applied climatology considers such zones unsuitable for perennial 
production operation and permanent residence). 

Fig. 2.3 demonstrates spatial features of temperature conditions in January and July. The western 
part of the ASE is warmer than the eastern one during both seasons (as well as throughout the year). 

The average temperature in January in 1976–2005 varies from -10 to -15˚С at the foothill belt of 
Altai Mountain to -25 to -30˚С in a closed depression of the Chuysk steppe and the Eastern Sayan. The 
southernmost location of permafrost is in the Eastern Sayan. Summer in the mountains is short and 
chilly; at an altitude of 1000 m July temperatures does not exceed +14 to +16˚С, while in confined closed 
depressions with stagnant air (such as in the area of the town of Minusinsk) the temperature can exceed 
+18˚С. Generally average multiyear July temperatures (the norm) vary from +18 to +20˚С in the north-
west part of the ASE to +12 to +15˚С in the south of the Republics of Altai and Buryatya. Additionally it 
could be mentioned that the range of July temperatures is smaller than that of January temperatures, 
apparently due to orography and the related specific features of winter circulation. The significant 
difference in winter and summer temperatures which increases as one travels west-to-east (from 30–32 
to 40+ degrees) demonstrate the continental characteristics of the climate increasing eastward. 

Fig.  2.4 adds to the description of ASE temperature conditions; the figure shows spatial distributions 
of 1976–2005 norms for yearly temperature minimums and maximums in the ecoregion. The effect of 
orography is even more distinct here in winter (the increased gradient of winter minimum field including 

Fig. 2.1. Weather stations network in Russian territory with available monthly (s-518)  and daily (s-150) data. 
Stations located on the territory of the Altai-Sayan Ecoregion (ASE) are marked with open diamonds on the lower 
figure. 

2. Climate change in the Russian Portion of the Altai-Sayan Ecoregion

Fig.  2.2. Yearly average surface air temperature in the territory of Russia and the Altai-Sayan Ecoregion: 1976–
2005 climatic norms. 
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thermal inversion in the area of the Minusinsk closed depression) and clearly continental climate (the 
difference between summer maximum and winter minimum exceeds 70 degrees in the entire territory). 

Spatial distribution of the yearly total precipitation is given in Fig. 2.5 for the whole of Russia and in 
large scale for the ASE territory. 

Precipitation distribution depends on the prevailing direction of major air currents, mountain ridge 
orientation against such currents and elevation of the area. The latitudinal arrangement of mountain 
ridges in the Altai Territory enables western currents to carry over moist air deep into the region up to 
the Western Sayan ridges. High ridges make the region a powerful water condenser, conditioning heavy 
snow in the winter and rains in the summer. 

Fig. 2.5 shows mapped multiyear average yearly precipitation totals calculated with 1976–2005 
monthly data from the weather station network (similar to temperature data). 

It should be noted that the amount of precipitation is traditionally defined as the sum of precipitation 
accumulated in the period in question (i.e. monthly, seasonal or yearly sum given in mm/month, mm/
season, or mm/year, respectively). We believe that different scale of values analyzed significantly 
complicates analysis and result comparison. Therefore in this study the yearly total precipitation 
(similar to January and July precipitations) are given in mm/month and imply a yearly average total 
of monthly precipitation (i.e. at the station the amount of precipitation for the year is totaled and 
divided by 12). 

Most of the precipitation (Fig. 2.5) falls on western and northern-east slopes open to sideward air 
currents – up to 70–90 mm/month and above on the average per year (135 mm/month at the Nenastnaya 
station). To the south-east, yearly precipitation total decreases notably (up to 10–20 mm/month), in 
particular on downwind eastern slopes and intermountain flat steppe areas fenced with ridges, for 
instance in the Chuysk steppe (at station Kosh-Agach –  9.7 mm/month). 

Fig. 2.6 illustrates seasonal features of precipitation distribution in the ASE. Taking into   consideration 
the complex land topography of the region and the nature of distributions under study (expected to 

2. Climate change in the Russian Portion of the Altai-Sayan Ecoregion

Fig.  2.3. Average surface air temperatures in the territory of Russia and the Altai-Sayan Ecoregion in January 
(a) and July (b): 1976–2005 climatic norms. 

Fig.  2.4. Yearly minimum (a) and yearly maximum (b) of surface air temperature on the  territory of the Altai-
Sayan Ecoregion: 1976–2005 climatic norms. 

Fig.  2.5. Yearly average monthly total of precipitation in the Russian territory and in the Altai-Sayan Ecoregion: 
1976–2005 climatic norms. 
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be even more complex), precipitation rates are given here for central months of all the four seasons, 
however just for the ASE. 

Based on the figure above, the seasonal precipitation distribution over the ASE also varies north-
west-to-south-east. In the south-west, precipitation is distributed most evenly – with maximum values 
during all seasons and heavy snow cover in the winter. In the south-east in January snow cover is 
insignificant, and precipitation has the only summer maximum that is probably caused by the Persian 
depression development and amplification of cyclonic activity. There is also an increase in precipitation 
on the northern-east ridges of Western and Eastern Sayan, but their high slopes create zones of rain 
shadow where a significant (almost twofold) reduction of precipitation is observed. 

In addition it should be noted that the number of days with precipitation decreases from 15–16 in 
the north-west to 2–4 in the south-east, while in July the biggest number of days with precipitation is 
observed in the eastern part of the ASE, decreasing to the west and south from 20 to 6–10 days. The 
number of days per annum with snow cover varies from 120 to 250. 

Another important feature of the climate profile is water loading of the air, represented here by water-
vapor pressure (or fractional vapor pressure) (Fig 2.7). Water-vapor pressure in polar latitudes is less than 1  
hPa (sometimes a few hundredth  hPa only), and in summer it is less than 5  hPa; for comparison: in tropics it 
attains values of up to 30  hPa and more, while in subtropical desert lands it is reduced to 5–10  hPa. 

We can see that water loading of the air in the ASE is comparable to northern latitudes of the European 
part of Russia, but differs in increased spatial inhomogeneity, directly related to the regional orography. 
Similar to the field of precipitation rate, water loading of the air decreases from the north-west to south-
east. The degree of air saturation in the ASE territory averages 60–80%. 

The duration of total monthly sunshine is a climatic index reflecting the period when the 
earth surface is exposed to direct sun rays and the sun disc is not covered by opaque clouds. This 
climatic variable changes depending on geographic latitude (following changes in daylight hours) 
and atmospheric circulation conditions (following changes in cloudage level and atmosphere 

2. Climate change in the Russian Portion of the Altai-Sayan Ecoregion

Fig. 2.6. Monthly precipitation total in the territory of the Altai-Sayan Ecoregion in January, April, July and 
October: 1976–2005 climatic norms. 

transparency). In multiyear and yearly averaging this value is presented in Fig. 2.8 for the whole 
territory of Russia and the ASE. 

In the territory of Russia, in particular its European part and Western Siberia, isometric line 
directivity is clearly zonal (i.e. geographic latitude dominates in formation of the climatic variable in 
question). However in the ASE it obviously reflects specific features of orography as well as conditions of 
developing circulation and cloudage level. Actually in the ASE half of the sky is usually covered by clouds, 
and the average score of cloudage decreases southward in both winter and summer. 

Estimates presented in Tables 2.1–2.4 were derived by the authors based on observation data 
from 1976–2005. Observation stations were selected to represent different physiographic conditions 
(see Fig. 2.1). Statistical measures include: mean – perennial average; std – standard deviation; min – 
minimum; max – maximum; p10 – 10% percentile (variable value, below which there were 10% of cases 
in time-series); p90 – 90%-percentile (90% of all the cases were below this value). When series length 
equals 30 years only three values were lower p10 and higher p90. 

Fig. 2.7.  Factional vapor pressure (average per annum, hPa) in the territory of Russia and the Altai-Sayan 
Ecoregion: 1976–2005 climatic norms. 
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Table 2.1. 

Ground air temperature (ºС) 

station	 Month Month Mean std Min Max P10 P90 

1 Nizhneudinsk	 Year	 -0.5	 0.9	 -2.2	 1.2 -1.7	 0.8	

I	 -20.5	 3.7 -28.2	 -11.4	 -25.3	 -16.0	

VII	 17.7 1.5 14.7 20.6 15.7 19.4

2 Nenastnaya	 Year	 -1.7	 0.9	 -4.6	 -0.3	 -2.9	 -0.7	

I	 -15.1	 2.9 -21.1	 -10.3	 -20.1	 -10.8	

VII	 13.4 1.5 10.9 16.2 11.1 15.4

3 Minusinsk	 Year	 1.8 0.9	 0.0	 3.5 0.3	 2.9

I	 -17.7	 3.9 -26.7	 -6.9	 -21.6	 -13.1	

VII	 19.9 1.3 17.6 22.5 18.4 21.6

4 Olenya	Rechka	 Year	 -2.7	 0.7	 -4.4	 -1.3	 -3.8	 -1.9	

I	 -17.5	 2.4 -23.5	 -13.2	 -20.9	 -14.4	

VII	 12.5 1.3 10.4 15.5 10.7 14.1

5 Orlik	 Year	 -4.4	 0.8	 -5.9	 -2.8	 -5.6	 -3.5	

I	 -23.6	 3.0	 -30.3	 -17.1	 -27.3	 -19.7	

VII	 13.4 1.2 11.0	 16.1 11.7 15.2

6 Kara-Tyurek	 Year	 -5.3	 0.8	 -7.5	 -3.4	 -6.3	 -4.4	

I	 -16.1	 2.5 -21.5	 -11.8	 -19.6	 -12.7	

VII	 7.2 1.2 4.5 9.5 5.8 8.7

Table 2.2. 

Atmospheric precipitation (mm/month) 

№ station Month Mean std Min Max P10 P90 

1 Nizhneudinsk	 Year	 33 7 17 45 22 44

I	 11 7 1 33 3 19

VII	 86 43 18 172 25 152

2 Nenastnaya	 Year	 135 18 96 167 107 155

I	 119 56 25 299 54 177

VII	 126 48 47 211 73 200

3 Minusinsk	 Year	 30 5 23 45 25 38

I	 10 7 2 33 3 17

VII	 66 27 22 137 36 102

4 Olenya	Rechka Year 102 15 76 128 86 124

I 51 26 15 119 23 92

VII 176 56 28 331 125 269

5 Orlik	 Year 27 6	 20 37 21 37

I 3 2 0 9 0 6

VII 97 38 46 206 58 163

6 Kara-Tyurek	 Year 52 7 38 70 45 64

I 16 12 2 53 4 29

VII 101 28 61 173 68 133

Table 2.3. 

Water-vapor pressure (fractional pressure, hPa) 

№ station Month Mean std Min Max P10 P90 

1 Nizhneudinsk	 Year	 6.1	 0.3	 5.6	 7.0	 5.7	 6.7	

I	 1.2	 0.4	 0.7	 2.2	 0.8	 1.7	

VII	 14.9	 1.2	 13.5	 18.2	 13.8	 16.8	

2 Nenastnaya	 Year	 5.2	 0.2	 4.8	 5.6	 4.9	 5.5	

I	 1.6	 0.4	 0.9	 2.5	 1.1	 2.1	

VII	 12.0	 1.1	 9.6	 14.9	 10.7	 13.3	

3 Minusinsk	 Year	 6.6	 0.3	 5.9	 7.2	 6.2	 7.0	

I	 1.5	 0.4	 0.7	 2.7	 1.0	 1.9	

VII	 15.4	 1.4	 12.6	 19.0	 13.9	 17.3	

4 Olenya	Rechka	 Year	 4.9	 0.3	 3.9	 5.3	 4.6	 5.2	

I	 1.3	 0.3	 0.6	 1.8	 0.9	 1.5	

VII	 11.3	 0.9	 9.0	 12.7	 10.0	 12.5	

5 Orlik	 Year	 4.4	 0.4	 3.8	 5.3	 3.9	 5.1	

I	 0.8	 0.2	 0.4	 1.3	 0.6	 1.2	

VII	 11.2	 1.2	 9.2	 13.8	 9.7	 13.1	

6 Kara-Tyurek	 Year	 3.5	 0.2	 3.2	 3.8	 3.3	 3.7	

I	 1.3	 0.2	 0.8	 1.8	 1.0	 1.7	

VII	 7.6	 0.6	 6.4	 8.9	 6.8	 8.4	

Table 2.4. 

Sunshine duration (hours/month) 

№ station Month Mean std Min Max P10 P90 

1

Nizhneudinsk	 Year	 172.3	 9.0	 152.7	 190.8	 161.2	 186.8	

I	 82.2	 17.4	 57.0	 125.0	 62.0	 111.0	

VII	 260.6	 35.1	 179.0	 337.0	 215.0	 301.0	

2

Nenastnaya	 Year	 154.4	 9.0	 133.8	 168.3	 142.8	 166.4	

I	 67.8	 23.4	 25.0	 114.0	 33.5	 99.0	

VII	 242.8	 33.6	 155.0	 314.0	 205.0	 286.0	

3 Minusinsk	 *	 *	 *	 *	 *	 *	 *	

4

Olenya	Rechka	 Year	 132.0	 8.7	 117.9	 151.5	 120.8	 142.6	

I	 64.5	 15.6	 37.0	 89.0	 42.5	 84.5	

VII	 201.6	 34.6	 131.0	 263.0	 156.0	 251.0	

5

Orlik	 Year	 171.7	 9.2	 149.8	 187.1	 157.0	 181.3	

I	 109.1	 16.6	 70.0	 139.0	 85.0	 130.0	

VII	 206.0	 28.7	 141.0	 259.0	 163.0	 245.0	

6

Kara-Tyurek	 Year	 185.9	 11.8	 160.8	 212.1	 174.5	 200.7	

I	 132.8	 26.0	 81.0	 180.0	 102.0	 175.0	

VII	 238.4	 36.3	 162.0	 321.0	 185.0	 294.0	

To conclude this section we give seasonal trends for key climatic variable statistics – temperature and 
precipitation averaged for the ASE territory (Fig. 2.9). The upper segment shows intra-annual (seasonal, 
month by month) statistics trends for 1976–2005 spatially averaged temperature in the ASE. 

We can see that intra-year temperature range (at the average for the ASE territory) exceeds 45 
degrees, and yearly volatility (σ) varies significantly month after month (from 7.2˚С in February to 17.1˚С 
in September). Such a temperature volatility range is specific to a clearly continental climate. 

Similar data for monthly precipitation totals (1976–2005 average and extreme values) are presented 
in a diagram at the bottom section of Fig. 2.9. The minimum in seasonal trend of precipitation falls at 

2. Climate change in the Russian Portion of the Altai-Sayan Ecoregion
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February. It is worth noting that during 1976–2005 there was not a single month with precipitation 
below 32% of the norm (generally for the ASE). 
 

2.2.2. recent climate change according to climate records 

Climate change can be estimated as climatic variable difference describing comparable periods of time 
or as trends in climatic variables within one period. It should be noted that climate describes the status 
of the real climatic system. Consequently climate changes identified are real if their value exceeds change 
estimate error. 

As a climate change intensity measure for the specified period of time we use linear trend factor calculated 
using the least-squares method that describes the average rate of climatic variable “linear” changes for the 
given period of time. Trend materiality measure is climatic variable dispersion fracture described by the 
trend and expressed as a percentage of total dispersion of climatic variable for the given period of time. A 
1% or 5% significance value is used to estimate the trend statistical significance, or critical significance value 
is indicated (the least significance value against which trend absence hypotheses is discarded). 

Currently observed climate changes are descried as “continuing global warming”. The reality 
of global warming is confirmed by many facts. Thus, increase in global surface temperature is 
accompanied by a rise in average sea-level and reduction in the area of snow cover on land in the 
northern hemisphere. Global near-surface temperature is calculated as the average of temperature 
of ground air over the continents (2 m high above the surface) and ocean surface temperature. 
For the purpose of spatial averaging, we use not temperature but its anomaly, i.e. deviations from 
average values for a selected baseline period. Such series are presented in Fig. 2.10 for near-surface 
temperature of the world, Russia and the ASE. 

It is known that in the 20th and early 21st centuries global warming was not quite homogeneous. 
There are three intervals: 1910–1945 warming, 1946–1975 insignificant cooling, and the most intensive 
warming after 1976. These changes were identified in Russia as well. It is worth noting that since the 1970s 
the number of studies increased; those studies were dedicated to the problem of climatic oscillation and 
climate change both natural and resulting from human intervention. The need to organize the monitoring 
of present climatic conditions and oscillation becomes obvious. The USSR’s Hydrometeorological Service 
organized climate monitoring since 1984 (IGCE, 2011). 

For at least the last 30 to 40 years, climate warming resulted primarily from an increase of greenhouse 
gas concentrations (primarily carbon dioxide – CO2) caused by human intervention – fossil fuel 

2. Climate change in the Russian Portion of the Altai-Sayan Ecoregion

Fig.  2.9. Seasonal trend of multiyear (1976–2005) statistics of average monthly temperature of surface air (above) 
and monthly precipitation totals (below) spatially averaged for the ASE territory. Rectangles correspond to the 
interval ±σ of relatively averaged (norm), and endpoints of cine-oriented sections correspond to extreme values of 
average monthly temperature during the period in question. 

Fig.  2.8. Accumulated duration of monthly sunshine (at the average per annum) in the territory of Russia and the 
Altai-Sayan Ecoregion: 1976–2005 climatic norms. 
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consumption. This conclusion was made, in particular, in the IPCC 4th Assessment Report (IPCC, 2007). 
Therefore this report focuses on trend analysis for the period after 1976, largely describing the effect of 
human activity on the present climate. We must keep in mind that part of observed regional climatic 
changes can result from local human-caused changes of a social-economic nature (land and forest use 
alteration, changes in technology and industrial sectors, etc.), whose impact is yet to be assessed. 

Fig. 2.11 shows the time series of spatially averaged yearly average temperature of near-surface air in 
the ASE showing additional 1976–2008 trends and 1976–2005 base period norm. The figure also shows 
norm values (Nrm) and linear trend estimates (b – trend factor, D – fraction of registered dispersion), 
according to which average rate of warming during 1976–2008 amounted to 0.58 °C/10 year. That is 
quite significant, taking into account input to dispersion of 37.4%. 

Time series of regionally averaged precipitation totals per annum in the ASE are shown in Fig. 2.12. 
The scale here corresponds to precipitation anomaly (mm/month), i.e. deviation from the norm (in 
this case – from 44.6 mm/month). Records are given in a form of diagram–bars against zero level. In 
addition, similar to the temperature diagram, the figure shows the 1976–2008 linear trend and estimates 
value based on which the trend identified should be considered insignificant. 

A more detailed view of spatial features of the current patterns in temperature and precipitation 
variations is presented in Figures 2.13 and 2.14, where spatial distribution of local linear trend factors is 
given being analyzed directly on the basis of observation station data. 

Local trends of yearly average temperature (Fig. 2.13) indicate the pattern toward very insignificant 
warming during 1976–2008 in the whole of Altai-Sayan Ecoregion. This pattern slightly strengthens in 
south-east direction. Actually such structure of yearly average trends is probably determined by summer 
(July) temperature with maximum warming of about 1.0˚С/10 year in the south of Tyva. 

The second feature of temperature trends is the beginning of a tendency toward January temperature 
increase in the Altai (western) region of the ASE. However in general assessments of temperature trends 
appear so low that it is premature to speak of any stable trend within the present variations of temperature 
range. 

To an even larger extent this conclusion relates to precipitation trends (Fig. 2.14), which do not 
exceed 5% for the period of 10 years in the whole territory and are not statistically important. 

2. Climate change in the Russian Portion of the Altai-Sayan Ecoregion

Fig.  2.10. Time series of spatially averaged values of yearly averaged near-surface temperature of the world, 
Russia and Altai-Sayan Ecoregion. Red curves show the results of 11-year glancing leveling. 

Fig.  2.11.  Variation of yearly average temperature of near-surface air averaged for the ASE territory 1941–2008. 
Fig.  2.12. Variations of annual precipitation totals (mm/month), spatially averaged for the ASE territory, 1966–
2008. 
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Fig. 2.13. Distribution of linear trend factors of near-surface air 
temperature in the ASE territory during 1976–2008 (̊ С/10 year): 
at average per annum, in January and July. 

Fig.  2.14. Distribution of linear trend factors of monthly precipitation totals 
in the ASE territory during 1976–2008 (mm/month/10 year): at average per 
annum, in January and July 



Change and Its Impact on Ecosystems, Population and Economy of the Russian Portion of Altai-Sayan ecoregion30 31

of the global climate including all the components (atmosphere, land mass, oceans, cryosphere and 
living beings) serving the global background conditions that determine weather pattern, stay unchanged. 
El Niño (a warm water anomaly in the Pacific Ocean) is an example as it affects the weather in the 
coastal part of Peru. El Niño sets limits for the potential evolution of weather pattern caused by chance 
effects. The opposite phenomenon, La Niño, would have set different limits. Another example is the 
difference between summer and winter. The change of seasons is determined by changes in geographical 
distribution of energy absorbed and radiated by the Earth system. Similarly the forecasting of the future 
climate is formed by basic changes in geothermal energy, in particular by the increasing intensity of the 
greenhouse effect that keeps conditions warm near the Earth surface, depending on carbon-dioxide and 
other greenhouse gases atmospheric loading. 

Due to changes in the atmospheric loading of greenhouse gases, climate change forecasting for the 
following 50 years represents a different and much easier problem as compared to weather forecasting 
for a few weeks. In other words, long-term variations caused by atmospheric composition changes may 
be easier to forecast than individual weather phenomena, in the same way it is impossible to predict the 
result of a single coin toss, but the statistical behavior of many coin tosses can be estimated. 

Although climate is affected by multiple factors, scientists have identified the major cause of 
the warming observed during the last 50 years as human activity. Anthropogenic climate change 
resulted mainly from changes in greenhouse gas and small particles (particulate pollutant) content 
in atmosphere and changes in land-use management. As climate changes, the probability of certain 
type of weather events also varies. In particular, as the average surface temperature increases, certain 
weather events became more frequent and intense (for instance, heat waves and thunderstorms), 
while the frequency and intensity of other events (for example, extremely cold periods) decreased 
(Assessment Report, 2008). 

Thus, unlike weather forecasting, climate forecasting requires us to have forecast assembly for a 
selected scenario of changing factors. For a given time period it is possible to select an estimated change 
in greenhouse gas concentration that depends on human activity and will depend on yet-undecided 
international agreements similar to the Kyoto Protocol. 

The Fourth IPCC Assessment Report (IPCC, 2007) analyzes outcomes for several scenarios, 
concluding that the assessment of air temperature fluctuation estimates significantly depends on which 
scenario is selected, although for the first 30 years the various scenarios do not differ materially. The 
Report also demonstrates that models do not sufficiently simulate regional temperature fluctuations in 
the NH middle latitudes. In particular, the quality of regional “projections” (conditional forecasts) in 
the ASE region suggested in the Fourth IPCC Assessment Report was quite low. The reliability of future 
precipitation total estimates under present models is significantly lower. 

In addition, it should be noted that current international negotiations regarding coordinated policy on 
greenhouse gas emission control are not yet complete. Furthermore, “scenario” forecasts are conditional 
and based on a particular projection of human impact. 

The authors have limited the report to reflect the most recent 30 year forecast and the temperature 
range near the surface to illustrate climate change estimates in the ASE region, using the regression 
approach and СО2 atmospheric concentration as a regressor. (The approach is similar to that used by M.I. 
Budyko in 1972 for predicting changes in global air temperature for the next century). Forecast subjects 
were yearly average temperature of near-surface air, and annual maximum and minimum temperature 
at the ASE stations. 

In their forecast the authors used air temperature and СО2 atmospheric concentration data before 
2006 and variations of СО2 concentration in the 21st century from SRES A1B (IPCC, 2007). The forecasting 
period – 2006 to 2035, estimated regression period – prior 30 years of 1976 to 2005. It should be noted 
that the СО2 atmospheric concentration for 2006–2035 is the same for all IPCC scenarios. 

Fig. 2.15 shows the results of such forecasting for the Nizhneundinsk station (54°88' N, 99°03' E). 
A black zigzag line shows observation records; smooth curve – regression line; vertical line segments – 
95% confidence band for predicted average values. 

2. Climate change in the Russian Portion of the Altai-Sayan Ecoregion

2.3. ClIMatE ChaNGE EstIMatEs 

Scientists in many countries including Russia try to estimate climate change in the 21st century and 
beyond. All studies are coordinated by the World Climate Research Program (WCRP). Research became 
more active after the United Nations Framework Convention on Climate Change was adopted in 1992. 
Since then the Intergovernmental Panel on Climate Change (IPCC) regularly issues assessment reports 
on this issue – the last (fourth) report was published in 2007. Currently the work on the Fifth Assessment 
Report is in progress; similar to the previous reports this will be prepared with participation of hundreds 
of authors. 

Key instruments for climate change estimates are numerical experiments with analog and mathematical 
atmospheric and ocean models, which enable climate system simulation under given conditions. The 
quality of modeling (in particular, air temperature, precipitation, atmospheric circulation, etc.) requires 
the assessment of the climate situation and climate change for all past years for which such information 
is available. Such tests were conducted on data for a period exceeding 100 years until the present using 
dozens of models in many countries. Using the most advanced models, tests were repeated under the 
same impact of external factors, such as solar radiation, greenhouse gas concentration, etc. Results were 
assembled including modeling results on model assembly and scan assembly. 

It was discovered that modeling results differed significantly, though they simulated key features 
of observed temperature fluctuations that were most significant for the period since 1976 often called 
the period of “present warming”. The tests completed proved that the present warming (temperature 
rise after the 1970s) was caused mainly by a man-induced increase of greenhouse gas concentration–
primarily carbon dioxide (synonyms – CO2, carbonic acid gas, carbonic acid). 

Modeling results also enabled researchers to distinguish between the concepts of “weather” and 
“climate”. Climate can be called weather assembly. Observations show that weather variation takes place, 
however only weather variation statistics in time enable the identification of climate change. Although 
weather and climate are highly interrelated, there are important differences between them. A familiar 
example of the confusion between weather and climate is shown when scientists are questioned how they 
can possibly predict the climate for the next 50 years if they cannot forecast weather for next month. The 
chaotic nature of weather makes its forecast impossible more than 10–20 days in advance. The forecast 
of climate change (i.e. weather assembly parameters) is an altogether different and more practicable task 
due to changes in composition of the atmosphere or in other pertinent conditions. 

Another common mistake is that a cold winter or chilly summer is evidence against global warming. 
There are always warm and cold extremes, but their frequency and intensity varies as the climate is 
changing. 

Meteorologists use all available technology to understand and predict the daily evolution of weather 
systems. Using physical concepts of atmospheric process development (that govern air masses movement, 
their heating or cooling, storm event or snow fall, etc.), as well as models, meteorologists can usually 
successfully predict weather only a few days in advance. Features of atmospheric dynamics are significant 
factors limiting the predictability of weather beyond several days. In 1960s Edward Lorenz discovered 
that very insignificant differences in initial conditions can lead to very different forecasting results. It is 
the so-called butterfly effect: a butterfly beating its wings in one location (or any other insignificant local 
event) may in principle change the weather situation in quite remote locations. This effect is based on 
chaos theory which details how minor changes in certain variables can cause large anomalies in complex 
systems. Despite its name, chaos theory does not assume a lack of order. For instance a minor change in 
conditions at the stage of cyclone initiation can change the day when the storm starts or its exact lane; 
however climate, i.e. average temperature and average precipitation amount in a given region and in a 
given period of time, will stay practically the same. 

Thus, the problem of successful forecasting largely lies in establishing the most accurate estimates for 
all initial conditions (i.e. conditions as of the beginning of forecasting period). Therefore it is probably 
advisable to consider climate as weather background conditions. More specifically, statistical properties 
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Fig. 2.15. Regression prediction of yearly average temperature (middle), yearly maximum (above) and yearly 
minimum (below) using carbon dioxide concentration as a regressor 
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Fig. 2.16. Regression forecast of changing 30-year norms of yearly average temperature of near-surface air 
(above), annual minimum (middle) and annual maximum (below) in the ASE from 1976–2005 toward 2006–2035 
under carbon dioxide concentration change prescribed by SRES A1B. 

The regression achieved was used for air temperature forecast for the period before 1975 and showed 
a satisfactory match of predicted values with observed temperatures. This result confirms that carbon 
dioxide increase was the main factor of the global warming that began in the end of the 19th century and 
continues to date. 

Fig. 2.16 illustrates the predicted estimates of annual average, maximums and minimums of air temperature 
until 2035 at all available stations of the Altai-Sayan Ecoregion, calculated on the same basis. 

The forecast provides spatially detailed information about local variations of temperature behavior 
in the ASE expected in the next 20 to 30 years. It is interesting to note that according to this forecast, we 
can expect an increase of annual maximum temperatures throughout the ASE territory of 3–4 degrees 
(on average during 20 to 30 years). Yet expected variations of annual minimums differ throughout the 
region: a significant rise of annual minimums is predicted in the Sayan Mountains (up to 5–6˚С in 

Krasnoyarsk and Irkutsk Regions), while the expected minimum increase diminishes southwestward 
and in the Altai – and even reverses slightly (the annual minimum here shall continue at the same level 
or even very slightly decrease). 

The purpose of this report is to enable non-specialists to understand the current condition, variability 
and expected future change of the climate of the Altai-Sayan Ecoregion. The report presents the most 
up-to-date data and uses all the materials currently available. Obviously serious analysis may require 
additional reference data and the results of current scientific studies. In such cases it is necessary to refer 
to scientific literature, climate reference manuals and hydro-meteorological survey data banks. 
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3.1.1. Ground evidence and predictions of climate-caused vegetation changes 

Ground evidence 
Current climatic changes recorded since 1980s (Tchebakova, Parfenova, 2006) in the ASE mountains 
have resulted in pronounced upper tree line movement upslope: in the Altai (Timoshok et al., 2003), 
West Sayan (Vlasenko, Ovchnnikov, 2002; Istomov, 2002; Kharuk et al., 2009), and Kuznetsk Alatau 
(Moiseyev, 2002). In Altai, the moraines left after the retreat of the Bolshoy and Maly Arktu glaciers were 
colonized by Siberian larch and Siberian pine (Timoshok et al., 2003). 

Ovchinnikova and Yermolenko (2004), in their vegetation study conducted at the lower tree line in 
chern taiga of West Sayan Mountains, observed low Siberian pine regeneration from 1990 through to 
1999, which was the warmest decade of the past century. These authors presume that this low regeneration 
might be due to an increase in the population of Dioryctria abietella, which damages Siberian pine seeds 
and can reproduce twice during growing season, provided that the season is sufficiently long (Belova, 
2005, personal communication). 

Predictions made by N.M. Tchebakova in cooperation with other researchers (2002) show that 
forest vegetation will gradually retreat upward, to higher mountains, as climate becomes warmer and 
precipitation decreases. Steppes, particularly dry steppes, are predicted to grow in extent in low mountains 
of Khakasia and Tyva. However, soil water amount was measured to locally increase in the costal zone 
of Sayan-Shushenskoye Reservoir, Khakasia. The occurrence of 10–15-year-old Scots pine and larch 
stands in steppe and at steppefied edges resulted from a rise of the ground water level (Vlasenko, 1997). 
This steppe invasion by forest underway in the forest-steppe zone of Altai and Sayan foothills can be 
attributed to non-climatic influences; in areas experiencing no human-caused stress, climatic conditions 
so far favor forest regeneration. 

In the forest-steppe ecotone of the Mongolian part of ASE, summer air temperatures have increased 
considerably, while precipitation decreased over the past 50 years. Numerous larch tree-ring series 
were analyzed to show a decrease in the tree-ring width since the 1940s associated with the increasing 
aridity of the climate. Further increasing climate aridity derived from global circulation models for the 
21st century will presumably lead to reduction of the forest component of the forest-steppe ecotone in 
Mongolia (Dulamsuren et al., 2008, 2009). 

Also, negative precipitation and positive air temperature trends were developed for northeastern 
Kazakhstan bordering the ASE. These trends might be a result of decreasing regional NDVI from 2000 
through to 2006 (Wright et al., 2009). 

Predictions 
Bioclimatic models. To model potential structural changes of forest and non-forest vegetation 
covers, a mountain vegetation model (MontBioCliM) (Tchebakova et al., 2009) and a mountain forest 
model (Tchebakova, Parfenova, 2009) were used. The former model based on Smagin’s et al., (1980) 
classification of mountain vegetation contains eleven altitudinal vegetation belts: (1) mountain tundra; 
(2) subalpine dark-conifer (Abies sibirica, Pinus sibirica with a minor component of Picea obovata) 
open woodlands; (3) subgolets light-conifer (Larix sibirica) open woodlands; (4) dark-conifer mountain 
taiga; (5) light-conifer mountain taiga; (6) subtaiga (Larix sibirica, Pinus sylvestris, and Betula pendula) 
and forest-steppe; (7) dark-conifer chern taiga (Abies sibirica, Pinus sibirica and Populus tremula); (8) 
steppe; (9) dry steppe; (10) desert/semi-desert; and (11) cryosteppe. Three temperate-climate vegetation 
belts (broad-leaved forest, broad-leaved forest-steppe, and temperate steppe) were added to our model, 
as these belts covered by our warming-related vegetation simulations. 

This bioclimatic model of mountain vegetation (altitudinal vegetation belts) simulates a belt using 
three climatic indexes: sum of >5 ˚C growing degree-days in a growing season suggesting plant heat 
demands, sum of < 0 ˚C degree-days that indicates plant tolerance to cold, and an annual moisture 
index, which is a ratio between >5˚C degree-days and annual precipitation and indicates plant water 
demand or water stress tolerance (Table 3.1). 

3. Climate Change Influence on Ecosystems and Water Resources of the Altai-Sayan Ecoregion

Fig.3.1 Topography of the Altai-Sayan Ecoregion 

3. CLIMATE CHANGE INFLUENCE ON ECOSYSTEMS AND 
WATER RESOURCES OF THE ALTAI-SAYAN ECOREGION 

3.1. ECosystEMs aND sPECIEs 
Nadezhda M. tchebakova, yelena I. Parfenova and tatiana a. Blyakharchuk

Mountains are highly suitable natural polygons for monitoring and modeling vegetation and climate 
changes, as this is where a great variety of plant species, vegetation zones, and landscapes is found within 
relatively short distances. This enables us to detect even the beginnings of climatic and biotic changes. 
Monitoring of the upper and lower tree lines in mountains provides a simple and useful tool to develop 
data supporting vegetation cover alterations associated with climate change (Guisan et al., 1995; Shiyatov 
et al., 2001). Tree line monitoring appears to be most effective in mountains, because here, distances 
between vegetation boundaries measured by hundreds of meters are comparable with plant migration 
rates – meters per year. Thus, one vegetation belt may be replaced by another during one century in a 
warming climate. On plains, where distances between zonal vegetation boundaries are measured in the 
hundreds of kilometers, such a replacement would take several centuries. 

This section addresses potential structural changes of altitudinal vegetation belts, particularly major 
tree species, in mountains, which are expected to occur under the predicted climate change scenario of 
the Intergovernmental Panel on Climate Change (IPCC, 2007) by the end of the 21st century. In addition, 
different “maps of the future” (i.e. potential vegetation patterns in the late 21st century), major tree 
species migration mechanisms and extent changes, and climate change influence on tree growth (height 
increment) – an important indicator of forest stand state – are discussed. 

The Altai-Sayan Ecoregion (ASE) encompasses a number of altitudinal vegetation belts ranging from zonal 
steppes and forest-steppes in warm and dry low-mountain areas to forest belts in middle mountains, then 
tundra belts, and, finally, nival (snow) belt found in cold and humid high mountains (Fig.3.1). The vegetation 
changes structurally along a gradient from the upwind northwest-facing macroslope to the downwind 
southeast-facing macroslope. In the northern foothills, steppe constitutes the major belt, which changes into 
mixed Scots pine and birch subtaiga. A drastic increase in precipitation that occurs at higher elevations on the 
upwind macroslope promotes highly productive and floristically rich mixed fir/Siberian pine/ aspen chern 
(“black” in Russian) stands containing a wide diversity of ferns. This belt changes into dark-conifer taiga 
forests followed by subalpine dark-conifer taiga and high-mountain tundra. The entire upwind macroslope 
is covered by dark-conifer taiga forests. On the downwind macroslope, precipitation decreases drastically to 
result in establishment of light-conifer, mainly larch-dominated, taiga, which soon changes into steppe, then, 
skipping forest-steppe belt, dry steppe, and even semi-desert in dry hollows (Smagin et al., 1980). 
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Our mountain forest models predict forest stand composition, height, and site index based on >5˚C 
temperature sums and Budyko’s radiation drought index, which index is a ratio of radiation balance to the 
amount of heat needed for annual precipitation evaporation (Parfenova, Tchebakova, 2009, Fig.8). 

Our modeled ASE mountain vegetation map was compared with Samoylova’s (2001) ASE landscape 
map using kappa statistics (Monserud, Leemans, 1990) to show a satisfactory agreement (Tchebakova 
et al., 2009). 

Table 3.1 

Climatic factors (MontBioCliM) determining altitudinal vegetation belts (AVB)  
in the Altai-Sayan Ecoregion

altitudinal vegetation Belt Growing Degree-
Days, GDD >50C 

ann. Moisture 
Index, aMI 

Negative Degree 
Days, <0˚C 

Mountain	tundra	 Less	than	300	 0.3	–	1.8	 -

Subalpine	dark-conifer	taiga	 300	–	550	 0.3	–	1.0	 >-3500	

Subalpine	light-conifer	taiga	 300	–	550	 1.0	–	1.8	 <-3500	

Mountain	dark-conifer	taiga	 550	–	1150	 0.3	–	1.8	 >-3000	

Mountain	light-conifer	taiga	 550	–	1150	 1.8	–	3.3	 <-3000	

Subtaiga	and	forest-steppe	 1150	–	1600	 1.8	–	3.3	 <-3000	

“Chern”	taiga	 1150	–	1600	 0.5	–	1.8	 >-3000	

Steppe	 300	–	1600	 Over	3.3	 -

Dry	steppe	 300	–	1600	 5.0	–	8.0	 -

Semi-desert	 300	–	1600	 Over	8.0	 -

Cryosteppe	 Less	than	300	 Over	3.3	 -

Temperate	vegetation:	coniferbroadleaved	forest	 >1600	 0.3	–	1.8	 >-2200	

Forest-steppe	 >1600	 1.8	–	3.3	 -

Steppe	 >	1600	 Over	3.3	 -

Climate change projections (scenarios). ASE vegetation projections were built by coupling 
our bioclimatic mountain vegetation model and Global Circulation Model (GCM) – based climate change 
prediction obtained at Hadley Center (HadMC3) for the extreme (A2) and moderate (B1) (Special Report 
on Emission Scenarios SRES atmospheric carbon scenarios, Fig. 2.15). Consideration of intermediate 
scenarios was deemed unreasonable due to a high uncertainty of the scenarios. 

As was mentioned in Section 2, the period of time targeted in this report (the next 20–30 years) 
yielded very small changes of climate and, in fact, no difference between the scenarios for ASE. Therefore, 
the time scale was extended as far as the end of 21st century, to about 2080. IPCC scenarios for late 21st 
century were not considered in Section 2, because this is a separate work requiring much labor and time, 
which is now being done as a part of the IPCC 5th Assessment Report preparation. This report will cover 
a different set of the scenarios in effort to reduce the uncertainties and link the scenarios with global 
human-caused greenhouse gas emission profiles. However, using only atmospheric carbon scenarios 
A2 and B1 was presumed to be sufficient regarding bioclimatic assessment of ASE altitudinal vegetation 
belt dynamics in late 21st century. Although HadCM3 output differs from the predictions of the models 
used by MGO (Main Geophysical Observatory), which are described in Section 2 of this report, these 
differences are insignificant for this Subsection. 

With the A2 scenario, global population grows rapidly to number nine billion people by 2050, 
economic and technical development loses its global character, becomes region-specific instead, slows 
down, and uses fossil fuels. Based on this scenario, the climate change projections of the Hadley Center 
suggest the greatest air temperature increase for ASE: by 7–8 ˚С in summer and 4–5 ˚С in winter. 
While with scenario B1 population growth rate also peaks in the mid-21st century, the world economy is 

characterized by intensive development based on information technologies, reduction of raw-material-
intensive industries, use of ecologically sound, resource-effective technologies, and global approaches 
to economical and social sustainability-related decision-making. This scenario predicts the lowest air 
temperature increase for ASE: by 3–4 ˚С and 2–3 ˚С in summer and winter, respectively. While average 
annual precipitation across ASE increases by 100 mm according to both scenarios, precipitation decreases 
are found in certain areas of ASE with the extreme scenario A2 (Fig. 3.2). 

january 
temperature 
anomalies 

hadCM3 B1 projection hadCM3 a2 projection 

1)	<2	°C;	2)	2–3	°C;	3)	3–4	°C;	4)	4–5	°C;	5)	>5	°C

july 
temperature 
anomalies 

1)	<1	°C;	2)	1–2	°C;	3)	2–3	°C;	4)	3–4	°C;	5)	4–5	°C;	6)	5–6	°C;	7)	6–7	°C;	8)	7–8	°C;	9)	>8	°C;

annual 
precipitation 
anomalies 

1)		50–0	mm;	2)	0–50	mm;	3)	50–100	mm;	4)	100–150	mm;	5)	>150	mm

Anomalies of these three climatic variables (January and July air temperatures, and annual 
precipitation) for 2080 within ASE ‘window’ were derived from IPCC data ( www.ipcc data.org ). These 
anomalies were summed with the 1960–1990 IPCC baseline data after their interpolation on the base 
map with 1-km pixel resolution to obtain the 2080 January and July air temperatures, and annual 
precipitation. 

The maps of these three climatic variables obtained for the baseline and 2080 climates were then 
converted to maps of the climatic indices used in our bioclimatic model: growing degree-days were 
determined by July temperature, with a determination coefficient R2= 0.9, whereas negative degree-
day sums were controlled by January air temperature, with R2 =0.95. The annual moisture index map 
was obtained by dividing the growing degree-day GIS layer into the annual precipitation GIS layer. An 
example of baseline climate is shown in Fig.3.3. 

3. Climate Change Influence on Ecosystems and Water Resources of the Altai-Sayan Ecoregion

 

Fig 3.2. January and July air temperature and annual precipitation anomalies derived from the Hadley Center 
GCM for scenarios B1 and A2 ( www.ipcc-data.org ) 
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3.1.2. Potential changes of vegetation cover, mountain forest, and extent of 
major tree species under current and modeled climatic changes 

The coupling of the bioclimatic mountain vegetation model and the above three climatic index layers 
provided resulted in altitudinal vegetation belt distributions in current and the 2080 climates from 
HadCM3 B1 (Fig. 3.4B) and HadCM3 A2 (Fig. 3.4C) climate change projections. The modeled 2080 
changes in altitudinal vegetation belt extents are presented in Table 3.2. 

With climate warming as predicted by the HadCM3 climatic model ( www.ipcc-data.org ), considerable 
shifts of altitudinal vegetation belts will move considerably and change in area across the ASE (Fig. 3.4; 
Table 3.2). In the current climate, almost half of the ASE area is covered by dark-conifer forests, of which 
about 15% is accounted by highly productive chern forests and 25% by subalpine open woodlands of low 
productivity. Non-forest ecosystems, such as steppes and tundra, make up 15% of ASE area. Climate 
warming will result in decreasing the extent of all altitudinal vegetation belts, except chern taiga. Tundra 
and subalpine open woodlands will disappear and, under scenario B1, subalpine ecosystems will decrease 
in area as much as 87% of their current extent. 

Under moderate scenario B1, altitudinal vegetation belts will decrease by 10–60%, whereas the 
decrease will range from 40–90% under the severe scenario A2. Chern taiga will be the only belt that 
will increase in extent, by 60–65% (Table 3.2). 

Chern forests will increase by occupying areas now covered by middle-mountain dark-conifer taiga, 
which will, in turn, move upward into high mountains to replace subalpine subgolets forest. Tundra will 
be eliminated, because, on one hand, ASE elevations are not sufficiently high for tundra to move upward 
and, on the other hand, the nival altitudinal belt replacement by tundra will be hampered by shallow 
soils and rock outcrops. 

Climate aridity predicted by the A2 scenario will lead to a 20–65% increase in steppe area, including 
dry steppes. These steppes combined with moderately dry temperate steppes will account for about 25% 
of the total ASE area, with forest-steppe making up about 30% of the region. Although semi-deserts will 
increase in area several times compared to the present, they will cover only around 1% of ASE. 

Notably, sites promoting broad-leaved tree species common in temperate climate will occur. The ASE 
now contains only one site of this type, which is a 5000-ha Siberian lime-tree refugium in the Kuznetsk 
Alatau foothills. These sites will likely total less in area compared to the Late Atlantic, because the Mid-
Holocene climate was warmer and more humid than today’s (Khotinsky, 1977) and, in the late 21st 
century, the climate is predicted to become warm, but dry. 
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A

B

С

Fig. 3.3. Distribution of the major drivers of our bioclimatic model across ASE in current climate: degree-days >5 ˚С 
(A); degree-day <0 ˚С (B); and annual moisture index (C) 

A

B

С

Fig. 3.4. Mountain vegetation distribution in ASE: current climate (A), HadCM3 B1 (B), and HadCM3 A2 (C) climate 
projections 
Altitudinal vegetation belts: 1) mountain tundra, 2) subalpine dark-conifer open woodland, 3) subalpine light-conifer open 
woodland, 4) dark-conifer mountain taiga, 5) light-conifer mountain taiga, 6) subtaiga and forest-steppe, 7) dark-conifer 
chern taiga, 8) steppe, 9) dry steppe, 10) semi-desert/desert, 11) cryosteppe, 12) temperate broadleaved forest, 13) temperate 
forest-steppe, 14) temperate steppe. 
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Table 3.2. 

Scenarios A2 and B1-based changes of ASE altitudinal vegetation belt (AVB) extents and 
orobiome phytomass/carbon storage by 2080.

avB Current climmate hadCM3 А22 projection hadCM3 В11 projection 

area, km2/ 
% 

Phytomass, 
С, M tonnes

area 
change, 
km2/ % 

Phytomass, 
С, M tonnes

area 
change, 
km2/ % 

Phytomass, 
С, M tonnes 

BOREAL:	Tundra	 68869,	9	
10,6	

124,0	
62.0 

91,4	
-100	

0,2	
0,1 

1441,0	
-98	

2,6	
1,3 

Subalpine	open	woodlands	 87374,8	
13,4	

229,8	
114,9 

850,1	
-99,9	

2,2	
1,1 

11086,2	
-87	

29,4	
14,7 

Dark-conifer	mountain	taiga	 189116,7	
29,2	

2704,4	
1352,2 

63107,1	
-67	

902,4	
451,2 

127988,2	
-32	

1830,2	
915,1 

Light-conifer	mountain	taiga	 94427,2	
14,6	

1067,0	
533,5 

7582,1	
-92	

85,8	
42,9 

34230,0	
-64	

386,8	
193,4 

Subtaiga/forest-	steppe	 132960,3	
20,5	

1578,2	
789,1 

85553,4	
-36	

1015,5	
507,8 

119830,9	
-10	

1422,4	
711,1 

Chern	taiga	 46542,7	
7,2	

916,9	
458,4 

76877,4	
+65	

1514,5	
757,2 

74646,0	
+60	

1470,5	
735,2 

Steppe	 19726,5	
3,0	

30,2	
15,1 

32638,1	
+66	

50.0	
25,0 

26079,83	
+32	

39,9	
20,0 

Dry	steppe	 9516,7	
1,5	

5,7	
2,85 

11457,6	
+20,4	

6,9	
3,4 

17624,0	в	
1.8-fold	

10,6	
5,3 

Semi-desert	 187,5	
0,0003	

0,06	
0,03 

6559,3		
+	35-fold	

2,0	
1,0 

2557,2	
+	13-fold	

0,8	
0,4 

TEMPERATE:	
mixed	conifer
broadleaved	
forest	

- -

47870,1	
100	

943,0	
471,5 

20699,3	
100	

407,8	
203,9 

Broadleaved	
forest-steppe	

- -
196361,8	

100	
2330,8	
1165,4 

163655,0	
100	

1942,6	
971,3 

Dry	steppe	 - - 119805,3	
100	

183,3	
91,6 

48828,1	
100	

74,7	
37,4 

Total	 648753,7	 6656,2/	
3328,1 

7036,4/	
3518,2 
5.7%	

7618,2/	
3809,1 
14.5%	

ASE vegetation changes in the Holocene 
ASE mountain vegetation and climate in the Holocene were reconstructed for a period of 10,000 years 
using palynological data and modeling approaches (Tchebakova et al., 2009; Fig. 3.5). The reconstruction 
showed that, about 10,000 and 3200 years ago, the regional climate was dry, cold, and promoted tundra, 
the area of which was 2.5–3 times that of its extent today. Dark-conifer mountain forests covered nearly 
the same area as now, whereas the extent of light-conifer, more cold-tolerant, stands was somewhat 
greater. There were almost no heat-loving chern and subtaiga forests. Steppes and arid steppes exceeded 
their current extent. 

In the mid-Holocene, between 8000 and 5300 years ago, the climate was sufficiently warm and 
humid to enhance dark-conifer taiga and subtaiga, belts of which were 1.5 times to twice their current 

extents, and chern taiga exceeding its today’s area 
by as much as 4 times. Temperate broadleaved 
forests and forest-steppe, which are today almost 
extinct, except for the fairly small linden forest 
refuge in the Kuznetsk Alatau foothills, were 
found in this ecoregion in the mid-Holocene. 

As is clear from the reconstructed ASE 
vegetation changes, the cold and dry climate of 
the early Holocene changed relatively rapidly 
into a humid and warm climate in the period 
between 8000 and 5300 years ago. Later, in the 
second half of the Holocene, the climate grew 
more continental and less humid. These climatic 
and vegetation changes were more pronounced 
on southeast- and east-facing downwind ASE 
macroslopes as compared to the upwind west-
facing macroslopes. This might be due to low 
cyclonic activity of the Atlantic during the 
Subboreal (Blyakharchuk et al.,2004). 

Our results were confirmed by climate and 
vegetation reconstructions of other researchers 
(Blyakhrchuk, 2008; Wu, Lin, 1988; Herzschuh 
et al., 2004; Yamskikh et al., 1981; Savina, 
Koshkarova, 1981). 

3.1.3. vegetation migration and 
adaptation mechanisms  
under past and future  
climate changes 

in the past, climatic changes occurred at a slow 
rate and, therefore, it took from hundreds to 
thousands of years for vegetation to change. In 
the 21st century, climatic changes, as obtained 
by global atmospheric circulation models, 
occur at rates as brief as decades, which is 
an unprecedented rate. For this reason, the 
mechanisms of plant adaptation to a changing 
environment, particularly climate, need to be 
discussed. The dieback and migration of trees 
at tree lines and natural selection and gene flow 
within the forest range are the major mechanisms 
of their adaptation to climatic changes (Davis, 
Show, 2001; Rehfeldt et al., 2004). 

In mountains, tundra may be expected to be 
replaced by forest as early as this century, since 
this belt is only 500 m wide, and the boreal forest 
trees may migrate at a rate of 300–500 m/yr as 
follows from paleoecological reconstructions 
(King, Herstrom, 1997). 
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Current climate

3200  years ago

5300 years ago

8000  years ago

10 000  years ago

Fig.3.5. ASE vegetation cover dynamics in the Holocene 
reconstructed from palynological data using our bioclimatic 
mountain vegetation model (Tchebakova et al., 2009). 
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Tree species of broad climatic extents are likely to adapt rapidly to changing climate, whereas 
narrow-extent species will most likely disappear first (Solomon, Leemans, 1990). Human involvement 
in seed dispersal by using modern technical devices will contribute markedly to plant migration rates. 
Moreover, climate warming, which will be accompanied by strong winds, might promote species with 
wind-driven seeds (Kuparinen et al., 2004). 

The southern and lower forest tree lines are controlled by fires, providing equilibrium between forest 
and climate. Eighty percent of the years from 1998 to 2002 had intense fire seasons (Soja et al., 2007). 
Drought-induced tree dieback will increase to result in forest fuel buildup. High fuel accumulation 
combined with increasing fire hazard induced by climate warming will increase the frequency of large, 
high-intensity fires. In this scenario, forest regeneration will be limited, while steppe vegetation will be 
promoted, as this vegetation is well-adapted to drought and, due to its short life cycle, is able to recover 
quickly after fire. 

With increasing fire activity, light-conifer forests will be promoted over dark-conifer stands, because 
the fire interval of the former is on order of magnitude shorter than that of the latter forests: 30 years 
(Furyaev et al., 2001) vs. 300 years (Polikarpov et al., 1986). Slowly growing dark-conifer tree species are 
not adapted to fire, and a decreasing fire interval is insufficient for them to recover. 

The evolutionary process of tree plant adaptation to changing climate will require an order of 
magnitude more time as compared to time periods needed for climatic changes to occur. The process 
of Scots pine adaptation to predicted climatic changes, for example, was estimated to cover five to ten 
generations (ca. 150 years) of this species. The species genotypes will be redistributed within the species 
extent, the boundaries of which will follow changing climate. Forests will, finally, grow adapted to climatic 
changes. However, this adaptation will take over 100 years, since biotic changes are much more inertial 
than climatic rates of change (Rehfeldt et al., 2004). 

3.1.4. Major tree species extent changes 

Prognostic maps presented in Fig. 3.6 show the distribution of potential ranges of major forest-
forming species (Siberian pine, fir, larch, and Scots pine) in the ASE under the current climatic conditions 
and by the end of 21 century.

Dark-conifer Siberian pine and fir extents are predicted to decrease by almost half, especially in the 
worst-case HadCM3 А2 scenario. The 2080 climate based on scenario B1 will be more favorable for 
Scots pine, a light-conifer species, than today’s climate, to result in a slight increase in its extent, while 
no changes will occur of the current extent of the larch. However, the extents of both light-conifer species 
will decrease by 8–13% in hot climate scenario A2. 

Current climate characteristic of ASE upwind macroslopes favors all the above conifer tree species 
(Fig. 3.6). ASE low and middle mountains will potentially be covered by the four major conifers 
(Siberian pine, fir, Scots pine, and larch). However, forest composition is controlled by the tree species 
competition, and dark-conifer Siberian pine and fir outcompete Scots pine and larch. The latter two 
species occur in Siberian pine and fir stands as minor components and even dominate on rock outcrops 
and mineralized soils (Yermolenko, 1999). In the Kuznets Alatau foothills favorable for lime tree, all four 
conifers and lime trees often contribute to the canopy. While dry sites found on ASE downwind slopes 
and hollows support drought-tolerant larch and Scots pine, humid and cold highland areas are covered 
by cold-tolerant larch and Siberian pine, heat-loving fir and Scots pine being eliminated from the forest 
composition (Polikarpov et al., 1986). 

With climate warming, especially in scenario B1, the proportion of mixed (five-species) stands will 
increase. However, forests will migrate from low insufficient-precipitation mountains upward to middle 
mountains climatically favorable for three, rather than all four major tree species. Fir, the most moisture-
loving species, is presumed to disappear from these mixed stands. 
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et al., 2002) based on literature, mainly Bazilevich’s (1993), data and corrected for the average zonal 
percentage of forest land obtained from forest inventory information (Alexeyev, Birdsy, 1994, 1998). 
The phytomass included living trees (tree stems, branches, foliage, and roots), undergrowth, and ground 
vegetation. Altitudinal vegetation belt areas in the current climate and predicted climate warming were 
modeled by coupling our bioclimatic mountain vegetation model with current climate and the climate 
change scenarios, respectively (Table 3.1). Current ASE living phytomass is about 6650 million tonnes, 
which yields 3325 M t of carbon using a conversion coefficient of 0.5. 

3. Climate Change Influence on Ecosystems and Water Resources of the Altai-Sayan Ecoregion

3.1.5. Forest stand height increment in changing climate 

Stand height increment is a key indicator of forest productivity. Tree height increment at a certain 
forest stand age reflects site conditions, which are controlled by environmental parameters (i.e. forest 
environments). We used mountain forest stand characteristics available for 2000 elementary forest 
inventory units (plots) covering a range of southern Siberian mountain forest provinces to build our 
bioclimatic models describing mountain forest stand composition, height, and productivity (i.e. site 
conditions and stand heights) (Parfenova, Tchebakova, 2009). These models are quadratic regressions 
linking forest stand characteristics with climatic indexes, such as sums of temperatures >5 ˚С (Fig. 3.7A) 
and the dryness index, a ratio of potential evapotranspiration to annual precipitation (Fig. 3.7B). These 
models were developed for single-species (pure) and mixed forest containing stands of all four major tree 
species (Fig. 3.7). 

As is clear from stand height dependence on heat and moisture amounts (Fig.3.7A), tree growth 
in the forest is largely determined by available heat, and a stand height of 20–25 m is reached at the 
temperature sum range of 1200 to 1600 ̊ С. The influence of moisture seem to be less critical, as the forest, 
by definition, grows only in sufficiently moist conditions. Interestingly, the range of stand heights found 
for highly moist conditions appeared to be markedly wider as compared to a smaller range under limited 
moisture. This demonstrates that low moisture hampers forest growth. Optimal climatic conditions 
providing forest growth classes 1 and 1a occur at high temperature sums (1700–2100 ˚С) and sufficient 
available moisture. Like forest stand height, the growth class decreases with decreasing heat amount. 

This bioclimatic forest stand height model was used under current climate (Fig.3.8A) and climate 
scenarios B1 (Fig.3.8B) and A2 (Fig.3.8C) to obtain ASE stand height maps. Also, prognostic maps of 
stand height changes under climate warming were compiled (Fig.3.8D and E, respectively). 

Current-climate average stand height analysis performed for ASE altitudinal forest vegetation belts 
revealed that the highest (up to 35 m) stands occur in dark-conifer taiga, particularly low-mountain 
chern taiga found in optimal heat and moisture conditions on windward slopes. In high mountains, forest 
stands are mostly 15–20 m high. On leeward slopes, in dryer altitudinal vegetation belts dominated by 
light-conifer taiga, forest stand height averages 20–25 m and decreases drastically along the border with 
steppes in the Tyvan and Mongolian parts of ASE. 

Both climate scenarios of interest predict the biggest stand height increase, by 10–15 and even 20 m, 
in dark-conifer and chern taiga, as it will benefit from still sufficient available moisture and additional 
available heat. Light-conifer taiga stands will also increase in height in humid high mountains, as 
opposed to low mountains, where the height increment of stands will decrease and they will be replaced 
by forest-steppe and steppe. 

3.1.6. vegetation phytomass (carbon storage) change predicted under climate 
warming 

Structural changes of ASE vegetation cover associated with climate warming are predicted to result in 
changing phytomass (carbon) of the cover structural components, altitudinal vegetation belts. Once 
the sequestered carbon difference between current and predicted late-21st-century warmer climates is 
known, we can determine the amount and direction of the resulting biosphere-atmosphere carbon flux 
and identify thereby whether the vegetation is a carbon sink, or source. 

We estimated only photosynthetically active living phytomass of potential climax vegetation 
undisturbed by fire, logging, and insect outbreaks found within ASE altitudinal vegetation belts, the 
boundaries of which can be shifted as a result of environmental changes. 

Carbon allocated in living phytomass of each altitudinal vegetation belt was calculated by multiplying 
zonal phytomass density by the area of a given vegetation belt (Table 3.2). Phytomass changes were 
obtained by multiplying zonal phytomass density by projected climate warming-caused altitudinal 
vegetation belt change in the area. The average zonal phytomass density was calculated (Tchebakova 

Рис.  3.7.  Major tree species stand height dependence on >5 ˚С a          ir temperature sum (A) and dryness index (B)
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Fig.3.8. Modeled ASE forest stand heights in current climate (А) and the 2080 HadCM3 В1 (B) and HadCM3 А2 (C) 
climate scenarios and stand height changes (D and E, respectively) at these scenarios 
Note – A, B, and C: no trees (1); 0–5 m (2); 5–10 m (3); 10–15 m (4); 15–20 m (5); 20–25 m (6); 25–30 m (7); 30–35 
m (8); 35–40 m (9); and >40 m (10). 
D and E: < 15 (1), -15 to -10 m (2), -10 to -5 (3), -5) to 0 (4), 0–5 (5), 5–10 (6), 10–15 (7), 15–20 (8); 
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3.2. WatEr rEsoUrCEs 

veniamin a. semenov 

3.2.1. General information about water bodies in the russian portion of the 
asE and research materials 

The hydrographic network of the Altai-Sayan Ecoregion located in the territory of Altai, Tyva, Sayan and 
Kuznetsk-Salair mountain regions consists of glaciers, rivers, lakes and wetlands of the Ob (Upper Ob) 
and Yenisei (Upper Yenisei) River basins. This territory, about 5% of Russia territory, accounts for 8% 
of the country’s annually renewable surface waters (335 km3) (Semenov, 2007). The glaciers presently 
collect about 40 km3 of water, and fresh water stock in the deepest water body of the region – Lake 
Teletskoye – also totals 40 km3. 

Given the sparse human population of the region and the relatively low level of water pollution, the 
water resources of the Altai-Sayan region have vital environmental and economic importance for all 
of southern Siberia and the Ob and Yenisei River basins. Moreover, the hydroelectric resources of the 
region are also immense. The country’s largest hydro power plant, the Sayano-Shushenskaya HPP with 
capacity of 6.4 M kW, is built on Yenisei, and the Krasnoyarsk HPP (6.0 M kW) is located on the northern 
border of the ecoregion. In addition, the total yearly average potential capacity of Altai Mountain rivers 
is estimated at 10 M kW. 

Rivers. In the Altai Mountain region the major rivers are the Katun River, which originates from 
glaciers on the southern slope of the highest peak in Siberia, Beukha Mountain (4506 m), and the 
Biya River, which flows out of Lake Teletskoye fed by 70 rivers (with 67% of water delivered by the 
Tchulyshman River). The confluence of the Katun and Biya Rivers forms the head of the Ob River, to 
which water is delivered from the Altai Mountains by the tributaries of Charysh, Anuy, Peschanaya and 
others, and from the Western Sayan and Kuznetsk Alatau by the Tomj, Chumysh, Kiya and other rivers. 

The area of the Katun basin covers 60,900 km2, and the river length is 688 km. Major tributaries of the 
Katun are the Koksa, Argut, Chuya, Ursul, Tchemal, Sema, Isha and Kamenka Rivers. The largest Katun 
feeder is the Chuya River, with a catchment area of 11,200 km2 and length of 320 km. It originates from 
glaciers in the Saylyugemskiy ridge, crosses the Chuyskaya and Kurayskaya intermountain basins and the 
mouth of the Katun River in the middle mountains zone. Many other tributaries of the Katun originate from 
glaciers of Central and Southern Altai. With an average elevation of watershed area exceeding 2200–2500 m, 
these rivers comprise a considerable part of the 232-km-long Argun River runoff in the glacier-nival zone. The 
Biya basin covers 37,000 km2, of which 16,800 km2 relate to the Tchulyshman River basin and form its flow 
in high and middle mountain zones. Other Biya feeders are the Pyzha, Sary-Koksha, Lebed, Tuloy, and Nenja 
Rivers, which form their runoff in middle and low mountain zones. Runoffs of the Charysh (which has a basin 
area of 22,200 km2), Anuya, and Peschanaya Rivers are formed in the same zones. 

Major rivers of the Altai Mountain – the Katun (19.5 km3 per year with average rainfall), Biya (14.7 
km3), Charysh, Anuy and Peschanaya are the main runoff-forming rivers of Upper Ob River basin, and 
aggregated yearly average flow of Altai Mountain rivers (43.3 km3) accounts for 93% of Ob flow near 
the city of Barnaul. The Katun River, with the largest catchment area and flow, differs from other Altai 
Mountain rivers as feeding glaciers with a total area of about 900 km2 are located at the source of some 
of its rivers. Part of the Ob River flow (2.94 km3) is formed in the (Western Sayan) and Kuznetsk-Salair 
Mountain regions (Tomj, Tchumysh, Inya, Yaya and Kiya Rivers). 

The runoff of rivers in the Upper Yenisei catchment is formed in the Sayan and Tyva Mountain 
regions. The Large (Biy-Khem) and Small (Ka-Khem) Yenisei collect their flows in the high and middle 
mountain zones of Western Tyva highlands, Akademik Obruchev ridge, northern spurs of Sangilen ridge 
in Sayan gives rise to Yenisei River. Rivers Khemchik (27,000 км2), Abakan (32,000 км2), Tuba (36,900 
км2) forming their flows in Western Sayan are the largest feeders of Upper Yenisei (Table. 3.3.) 

The above current-climate ASE phytomass estimates differ by 20% from the estimate obtained by 
Alexeyev and Birdsy (1994, 1998) based on forest inventory statistics. This discrepancy might largely 
be a result of differences in estimates of ASE altitudinal vegetation belt areas. However, the average 
phytomass density estimates appeared to be fairly similar: 40 t C/ha (Tchebakova et al., 2002) vs. 
45 t  C/ ha (Alexeyev, Birdsy, 1994, 1998). 

Ivanova and Kukavskaya (2011) estimated ASE carbon storage, as a sum of ASE above-ground 
phytomass and standing dead trees (standing snags), to be 2736 M t C. Extracting standing snags (17%) 
and adding roots (18%) yields about the same value. The value presented in this work and characterizing 
the maximum phytomass of potential vegetation subjected to neither environmental, nor human 
disturbances appeared to be 3328 million tonnes of carbon. The phytomass estimates considering 
forest age structure and disturbances (fire and logging) obtained by Alexeyev and Birdsy (1994, 1998) 
and Kukavskaya (2011) are 20% less than our estimates, which difference shows that all estimates are 
comparable. 

Table 3.2 presents ASE phytomass (carbon) by altitudinal vegetation belt in the current climate 
and predicted climate warming. In the current climate, almost half of ASE is covered by dark-needled 
forests, of which 15% and 25% are highly productive chern forests and subalpine open woodlands of 
low productivity, respectively. Dark-needled forests account for about 60% of ASE total carbon storage, 
the remaining 40% of carbon being sequestered in light-needled, subtaiga forests, and forest-steppe 
cumulatively accounting for 35% of ASE area. While treeless tundra and steppe account for 15% of ASE 
area, their contribution to the total carbon storage is as low as 2% (Table 3.2). 

The additional heat predicted combined with sufficient moisture will enhance the phytomass 
increment. ASE altitudinal vegetation belt redistributions projected in extreme A2 and moderate B1 
climate change scenarios will result in the sequestration of an additional 1.9 x 108 tonnes (5.7%) and 
4.8 x 108 tonnes (14.5%) of carbon, respectively (Table 3.2), by 2080. Phytomass structure is predicted 
to change due to the occurrence of vegetation characteristic of a temperate climate, highly productive 
mixed conifer/broad-leaved forests and forest-steppe, which will account for about half of the total ASE 
phytomass in A2 and 30% in B1 climate change scenarios. 

Boreal dark-needled taiga forest will contribute 35–45% to the total ASE phytomass, the greatest 
phytomass proportion being contained in chern forests in the extreme and in mountain taiga forests in 
moderate climate change scenarios. Light-needled taiga pytomass will decrease from the current 40% 
of the total ASE phytomass down to 15% and 25% in A2 and B2 climate change scenarios, respectively. 
Tundra will be gone and is predicted to occur only fragmentarily in the B2 scenario. While steppes, dry 
steppes, and semidesert will increase in area, their contribution to the total ASE phytomass will remain 
negligible, ranging from 0.5% to 0.8%. 

Under climate warming, the total ASE phytomass will be contributed mainly by mixed conifer/
broad-leaved forests and forest-steppe characteristic of temperate climate and boreal-climate chern 
forests, whereas major phytomass losses will occur in subalpine, mountain taiga, subtaiga forest types, 
and tundra. 

3. Climate Change Influence on Ecosystems and Water Resources of the Altai-Sayan Ecoregion
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Table 3.3. 

Basic information about the Yenisei tributaries

river length, km 

Catchment area average runoff

km2 
% of yenisei 
catchment 

area 

Discharge 
rate, m3/sec 

specific 
discharge, l/ 

sec km2 

run-off 
volume, km3 

% of total 
yenisei run-
off volume 

B	o	l	s	h	o	y
Yenisei	

605	 56800	 2.20	 589	 10.4	 18.6	 3.15	

Maly	Yenisei	 563	 58700	 2.28	 419	 7.14	 13.2	 2.23	

Khemchik	 320	 27000	 1.05	 123	 4.56	 3.88	 0.66	

Oya	 254	 5300	 0.21	 63.2	 11.9	 1.99	 0.34	

Abakan	 514	 32000	 1.24	 387	 12.1	 12.2	 2.06	

Tuba	 119	 36900	 1.43	 771	 20.9	 24.3	 4.11	

Syda	 207	 4450	 0.17	 28.3	 6.36	 0.89	 0.15	

Manna	 475	 9320	 0.36	 98.5	 10.6	 3.11	 0.53	

Kan	 629	 36900	 1.43	 283	 7.67	 8.92	 1.51	

Numerous tributaries of the Angara River originate and form their flows in high, middle and low 
mountains on the north and north-east macroslopes of the Eastern Sayan; the largest of them are the 
rivers Oka, Biryusa, Kitoy, Uda, Iya and Irkut. Sources of the rivers Oka and Kitoy are located on the 
slopes of the Bolshoy Sayan ridge, with the highest point of the Eastern Sayan – Munku-Sardyk (3491 
m), and sources of rivers Uda and Iya – on the slopes of the Udinskiy ridge, site of Triangulators’ Peak 
(2875 m). Many of these rivers cross the Peredovoy ridge, which has a highest point of 2400 m. 

Most rivers of the region have mountainous characteristics with natural bars and rapids. They 
sometimes flow in narrow, canyon-like valleys with 20–130 m downfall per km in the upper reaches 
and 3–25 m in the middle reach. In certain sections of the middle reach (especially in intermountain 
basins) the current speed reduces, and rivers channels split into separate rivers (the Yenisei River in the 
Minusinsk depression, the Chuya River in the Chuya depression). 

Lakes. The Altai-Sayan area contains many kettle lakes of various origins. Teletskoye Lake (area is 
223 km2, length is 78 km) and other large lakes are of tectonic origin and are therefore very deep (up to 
325 m in Teletskoye Lake). Many lakes dammed by glacier moraine are located on plains of subaerial 
denudation overlapped by moraine-water-ice formations; the largest of them are the Julukol (Altai), 

Kandyktykul, Tere-Khol, Todga, Ulu-Khol, and Tchagytay (Tyva). These and numerous small lakes on 
the Ukok Plateau, Tchulyshman highlands and intermountain basins have shallow depth, flat, often 
swampy watersides, and are drainage fresh-water lakes. For example, Julukol Lake (elevation 2185 m) 
has a depth of 7 m and length of 10 km. Cirque and subglacial moraine lakes located below glaciers of 
recent glaciation in high mountain zones usually have small size and depths of 7–10 m (for example, 
the Multinskiye lakes in the Katun River basin), while lakes in glacial valleys are larger and deeper. For 
example the Talmenye Lake in the Katun River basin has a depth of 68 m, and Khindictig-Khol Lake 
in Sayan (elevation 2500 m) is 30 m deep. Among the drainage lakes in Sayan, there are several lakes 
having significant areas (the Tchagytay, 29 km2 and others). However most similar lakes in the Altai-
Sayan Mountain system have surface areas of less than 1 km2, and silt accretion in such lakes results in 
their shore swamping and overgrowing with vegetation. 

Lakes in the Minusinsk depression are mainly stagnant, with significant evaporation (600–1000 
mm), which has led to increased salinization of water. For example, water in Lake Shira (32 km2) has a 
bitter-salty taste and alkaline reaction. In the surrounding area, there are about 30 small bitter lakes. 
Salt lakes are also located in other basins: in Turano-Uyukskaya – Lake Beloye; in Ulug-Khemskaya – 
Lakes Cheder, Svatinovo, Kack-Khol and Khadyn; in Ubsu-Nyrskaya – Lake Ubsu-Nur. The most 
numerous lakes are located in the Todja depression in Sayan (Lakes Azas, Kadysh-Khol, Many-Khol, 
Ushpe-Khol, UstyuDerlick-Khol, Kara-Balyk, etc.), and in total there are over 40,000 lakes with a total 
area of 720 km2 (Resourses, 1978) located in the basin of Bolshoy Yenisei alone. On the contrary, the 
peripheral ridges of the Altai and Sayan are lake-deficient. There, lakes are mainly situated in the 
floodplains (oxbow-lakes). 

Wetlands occur rarely in the Altai-Sayan Ecoregion. Waterlogged lowlands are found between 
the lakes on the Ukok Plateau, in the Chulyshman highlands, the Kan depression in Altai, Minusinsk, 
Todja, Ubsu-Nor and other depressions in Sayan where they are confined to the Pre-Sayan mountain 
trench and floodplains of the rivers Oka, Kitoy and Belaya. In the high mountains, wetlands occur in 
river floodplains. Insignificant soil depth often interlaid by permafrost and hard rock, relatively low 
precipitation and dissected relief creating good drainage conditions prevent peatland development 
over extensive areas. Due to their infrequent occurrence, the hydrological regime of local peatlands has 
received little study, and there are no materials required for assessment of peatland current conditions 
and its climate-caused changes. 

Glaciers. Based on information obtained by G.B. Osipova and presented in (Semenov, 2007), there 
are 1500 glaciers in Altai covering 906 km2 (Fig. 3.10). 

Mountain Belukha, the largest glaciation center with descending large valley glaciers (Bolshoy 
Berelskiy, Maly Berelskiy and others) is located on the Katun ridge, which includes 390 glaciers with 
a total area of 283.1 km2. On the South-Chuyskiy ridge there are 243 glaciers covering an area of 
222.8 km2. The largest glaciers lay on the north-eastern slope of its central part with the highest point – 
Uktu Mountain (3941 m), the largest glacier in Altai – Bolshoy Taldurinskiy (28.2 km2) is located there. 
The North-Chuyskiy ridge has 201 glaciers with a total area of 177.7 km2. There are only 25 glaciers in the 
Kara-Alakhinskiy ridge with a total area of 12.4 km2, the largest of which covers an area of just 1.8 km2. 
There are 294 glaciers with an area of 131.3 km2 in Southern Altai; the only center of their concentration 
is the massif Tabyn-Bogdo-Ola (4356 m), with some glaciers and parts of the Southern Altai ridge and 
Tabagatay ridge lying outside Russian territory. 

In the Sayan part of the ASE current glaciation is not significant and is concentrated in high mountain 
ridges of Western and Eastern Sayan. In Western Sayan there are 52 glaciers with a total area of 2.3 km2 
(Dolgushin, Osipova, 1989). In Eastern Sayan the total area of glaciation includes 105 small glaciers covering 
30.3 km2. Most of them are in the area of Topographer’s Peak (elevation 3044 m), 5 glaciers have an area 
from 0.5 to 1.0 km2 and lengths up to 2 km; there are also a fair quantities of small glaciers. Almost all of 
them are located on the slopes with northern, north-eastern and eastern exposure, and their ice tongues go 
down to 2250-2500 m. The largest Avgevich cirque glacier (1.4 km2) is situated at the Kok-Khem river head 
(Bolshoy Yenisei river head) and the longest cirque glacier, the Yachevskiy glacier (2.7 km), is in the Tisa 
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Fig. 3.9. Map of current glaciation of Altai (Atlas of World Snow-and-Ice Resources, 1997) 
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river valley. Northern and southern hanging glaciers are located on Munku-Sardyk Mountain. The largest of 
them, the northern, has an area of 0.68 km2, and the southern covers 0.4 km2. All other glaciers are mainly 
cirque glaciers with lengths less than 100–150 km. Glaciers of this region are distributed along river valleys as 
follows (Dolgushin, Osipova, 1989): Kazyr and Kan Rivers – 33 glaciers covering 12.3 km2; the Yenisei River 
head upstream of the mouth of the Kemchik River – 28 glaciers, 6.6 km2; river heads of the Oka and Uda – 
44 glaciers, 11.4 km2. 

In Kuznetsk Alatau, at altitudes of 1200–1600 m there are 91 glaciers with a total glaciation area of 
6.79 km2 (Dolgushin, Osipova, 1989). Of these there are only 19 glaciers with areas of 0.1 km2 or larger. 
A specific feature of the current glaciation is that glaciers lay 1000–1200 m lower than the climatic 
snow line. The determining factor of their existence is not the general climate context, but drifting 
snow concentration on downwind mountain slopes next to upland terrace benches, in cirques and other 
negative topographic forms in bigger quantities than can melt during the ablation period. Therefore 
glaciers are mostly of the corrie type representing slope (80%), hanging glaciers; there is only one valley 
glacier with an area of 0.13 km2. 

Key materials used for the preparation of this section on water resources allocation and river regime 
change were the Roshydromet stationary hydrological observations summary data for the whole period 
of observations in “Hydrology – Rivers and Canals” data bank of the All-Russian Research Institute of 
Hydrometeorological Information – World Data Centre (RRIHI-WDC) (Obninsk), publications of the 
author and other researchers. The current hydrological observation network on the rivers of the territory 
under review includes 200 stations. The truth is that almost all hydrological stations on rivers in Sayan 

have short periods of continuous observation and are located at their exits from the mountains or in places 
where they cross intermountain basins, which complicates climate change assessments by altitudinal 
zones. The longest continuous observations of the regimes of rivers with various heights of watershed 
were made on rivers in Altai. That is why these records were primarily used to assess climate-caused 
changes in river regimes and water resources in various altitudinal zones. The database of dangerous 
floods during spring time, snowmelt floods, ice blocks, ice jams and water shortage resulting in damages 
confirmed by insurance companies, maintained by RRIHI-WDC since 1990, was used to analyze changes 
in the frequency and duration of dangerous and adverse hydrological and weather events associated with 
climate change. 

Data on river water quality are presented based on observation records made by the Federal Service 
for Hydrometeorology and Environmental Monitoring (Roshydromet) under the systematic supervision 
of the Hydrochemical Institute (Rostov-on-Don) as well as materials from river expedition studies. 

Roshydromet made observations of the characteristics and behavior of Altai lakes only at Teletskoye 
Lake; occasionally observations are made at certain other lakes in Eastern Sayan (Azas, Kara-Khol, 
Tiberkul, Shira, Krugloye) (Resourсes, 1978). 

Variations in the hydrochemical regime and salinity of other lakes are analyzed based on the results 
of a study undertaken by specialists from Gorno-Altaisk State University, (which the author initiated and 
participated in), and study materials prepared by M.V. Lomonosov Moscow State University (Frolova et 
al., 2011). 

Information about glaciers was taken from publications in the RAS journals “Glaciological Study 
Data” and “Ice and Snow”, monographs and articles. 

3.2.2. average annual river flow 
The average annual river flow, determining the allocation of renewable water resources in the Altai-
Sayan Ecoregion is shown on the map in Fig. 3.10. Its rate changes from 2–4 L/s/km2 (at the bottom of 
intermountain basins and foothills of the Eastern Sayan) to 30–40 L/s/km2 (in high mountains of Altai 
and Western Sayan). 

The following administrative regions have the largest surface water resources (average annual): the 
Republic of Tyva (45.5 km3), the Republic of Altai (43 km3), and the Kemerovo Region (43 km3). River 
flow formed in the Russian part of the Altai-Sayan Ecoregion accounts for the majority of renewable 
water resources of the Altai Territory, the Republic of Khakasia and a part of the of the Krasnoyarsk 
Territory, Irkutsk, Novosibirsk and Tomsk Regions. 

3.2.3. Climate dependent variations of current glaciation 
In addition to their use in quantitive assessments, mountain glaciers offer the most striking visual 
evidence of the impact of climate change on natural bodies. 

Observations of Altai glacier fluctuations began as early as 1835 by Dr. F. Gabbler, and since 1895 those 
observations have been made regularly using a labeling method. From 1897 V.V. Sapozhnikov studied 
glaciers using transit and stadia and phototheodolite methods, and his work was continued by M.V. 
Tronov and other specialists from Tomsk State University. Thanks in part to their pioneering work, today 
there is data about the ice recession of more than 50 glaciers within the boundaries of the Altai Mountains. 
The River Aktru basin in the North-Chuysk ridge became the key region for complex glacier studies during the 
International Geophysical Year (IGY) and the International Geophysical Decade (IGD). 

Based on information from (Glaciation of Severnaya, 2006), the last significant advance of Altai 
glaciers ended in the late 1830s. Starting in the mid-19th century, Altai glaciers are in continuous retreat, 
although periods of temporary delays and minor advances were observed. According to the estimates of 
V.P. Galakhov and V.V. Mukhametov (1999), during the period of instrumental observations the area 
of Altai glaciers have contracted: small glaciers by 20–40% (some of them vanished), and large glaciers 
by 8–20% (Fig. 3.11). In the process of glacier degradation from the mid-19th century until today, the 
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Fig. 3.10. Average annual river flow in l/sec from km2 
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true altitude of the front of glacier tongues decreased from 160 m (Katun ridge) to 50 m (Bish-Iyirdu 
mountains). The linear expansion of glaciers decreases also: by 1.5 km near Belukha Mountain, and 
by 500 m in the Bish-Iyirdu mountains. Significant changes which occurred in the supply areas of the 
examined glaciers have caused intensive planation that predetermines their further contraction in the 
next 10–15 years. 

In accordance with studies conducted by Y.K. Narozhny and P.A. Okishev (1999), there is a trend, 
emerging in the process of the contraction of glaciers area prior to 1952 and later, for minor slowing of 
this process for lower descending valley glaciers, and more noticeable – for small glaciers (Fig. 3.12). 

The authors believe that difference in contraction rates is due to the fact that relatively large 
glaciers have already fell or continue falling into simpler forms, while small glaciers are more stable. 

The stability of these simpler forms of glaciation may relate to their occurring at higher altitudes, 
where minor signs of degradation have spread; and to the most extension can be explained by 
favorable reservoirs available in well-shaded and downwind corries (about 61% in terms of quantity, 
and 63% in terms of area corrie, corrie-hanging and hanging glaciers are located on downwind sides 
of the ridges studied). 

Studies carried out by Y.K. Narozhny (2001) on the balance status of the Aktru river basin 
glaciers during the period of observation (since 1952) based on aerial photos and paleoglaciological 
data enabled researchers to establish that the annual balance of glacier mass experiences significant 
fluctuations, but there is clear synchronism of its fluctuations on a year by year basis for various 
glaciers (r = 0.89-0.96). In this case several waves of ice mass accumulation or loss are determined 
(Fig. 4): the most favorable glaciation periods were in 1967–1973 and 1983–1990, the most 
unfavorable were in 1962–1966, 1978– 1982 and 1991–1999, maximum (cataclysmic) in 1965, 1974, 
1982 and 1998. In this regard 1997/1998 had a negative mass balance– 123 g/cm2 (Fig. 3.13). 

In 1982–2001 the Maly Aktru glacier retreated continuously with an average pace of 5.3 m/year, 
i.e. approximately equal to the pace with which most of other world glaciers retreated (Glaciation of 
Severnaya, 2006). The total mass shortage for the Maly Aktru glacier for the period of observations (38 
years) amounted to 274 g/cm2, for Levy Aktru (23 years) 250 g/cm2, and for the high-elevation, flat-
topped Vodopadny glacier (23 years) 183 g/cm2 (Narozhny, 2001). 
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Fig. 3.11. Variations of glacier surface in the Belukha plexus of mountains from 1969 to 1985 (Galakhov, 
Mukhametov, 1999) 
а – rock discharges; b – ice divides. Glacier boundaries: c – mid-19th century; d – 1985. Glaciers: 1 – Rodzevich; 2 – 
Sapozhnikov; 3 – Maly Berelkiy; 4 – Bolshoy Berelskiy; 5 – Gebbler; 6 – Cherny; 7 – Bratya Tronovy.

Fig. 3.12. Glaciers area contraction rate for glaciers of various types in Central Altai: 1 – compounded-valley and 
valley glaciers; 2 – corrie-valley glaciers; 3 – corrie, corrie-hanging and hanging glaciers; 4 – flat-topped glaciers; 5 – 
kettle glaciers (Narozhny, Okishev, 1999). 

Fig. 3.13. Glaciers Maly Arktu (a) and Levy Arktu (b) mass balance and length variations (Glaciation of Severnaya, 
2006) 
1 – annual specified mass balance bn and its components: сt – annual accumulation, at – summer ablation; 2 – 
cumulative mass balance ∑bn ; 3 – cumulative change of glacier length ∑∆L 
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According to Y.K Narozhny’s data (2001), for a period of 50 years (1850–1998) the number of 
Altai glaciers increased by 25% as a result of large glaciers decaying. The area of the basin glaciation 
contracted by 25% of which by a third since 1952, though the degradation rates for certain glaciers 
were quite different, from 7.8 to 35 and even 50%. The volume of glaciers decreased by almost 20% 
per year and varied from 18.5 to 34%. The intensity of the total deglaciation of the last decades 
increased by almost 1.5 times for low-elevation, descending valley glaciers, and decreased by 1.7 
times for high-elevation, flat-topped ones. 

Based on data obtained by G.B. Osipova and D.G. Tsvetkov (Glaciation of Severnaya, 2006), there 
are 18 large valley glaciers on three ridges of Central Altai, out of which glaciers of the North-Chuysk 
ridge retreated to a lesser extent, and glaciers of the Katun and South-Chuysk ridges degraded more 
significantly, by 1.5 times. In that situation glaciers of the southern exposure retreated 1.5 times 
faster than glaciers having northern exposure. In general for the 18 glaciers, the average rate of 
degradation for the 46-year period (1952–1998) was 8.6 m/year. The most significant degradation in 
Altai was registered on the Sophiysky glacier in the South-Chuysk ridge, which degraded by 2710 m (18.7 
m/year) from 1898 to 2000. During 1994–2000 the Ukoksky glacier contracted by 105 m (17.5 m/year) 
(Ostanin, Mikhailov, 2002). 

Regional variations of the rate of degradation of the Altai glaciers are as follows: for 1952-1998 
glacier area in the Katun, South-Chuysk, North-Chuisk ridges decreased 0.14–0.15% per year, ice volume 
reduced by 0.17–0.26% per year; in Southern Altai glacier area contracted by 0.19%, ice volume decreased 
by 0.23%; in the Tabyn-Bogdo-Ola massif, the area contracted by 0.20%, ice volume by 0.34%; in the 
Sailyughem and Chikhachev ridges glacier area contracted by 0.33% and ice volume decreased by 0.30%, 
and in the Biya River basin glacier area contracted by 0.49% per year and ice volume by 0.40% per year 
(Glaciation of Severnaya, 2006). 

Based on radar sounding data, S.A. Nikitin (2009) determined that the glaciation volume in the 
Russian Altai “as of 2003 amounted to 40.8 km3, with average glacier thickness of 50 m”. Based on 
information presented by the same author, we can say the maximum ice volume is concentrated in 
glaciers of northern and north-eastern exposure (about 60%), and the minimum (about 7.9%) in glaciers 
of southern and south-western exposure. The largest ice reserves are confined to the altitude of glacier 
supply boundary – in the Katun ridge within the range of 2700–2800 m, in the North-Chuysk and South-
Chuysk ridges, 3000–3100 m. The area of the Russian Altai glaciers contracted by 21.7%, and ice volume 
decreased by 22.4% since the mid-19th century (Nikitin, 2009). 

Estimates of potential glaciation parameters under climate change made by the same author 
demonstrate that when summer temperature increases by 3˚С, and precipitation falls by 50%, glaciers 
volume can reduce by 96% and ice will survive only in the highest parts of glacier centers. However, other 
glaciologists do not share this conclusion; they believe that “when a glacier retreats its average altitude 
increases: when degrading the glacier goes to the higher elevation with more favorable conditions, i.e. 
protects itself from adverse external impact, in particular from an increase in summer air temperature 
which primarily impacts its tail piece (Glaciation of Severnaya, 2006).” The slowing of the rate of glacier 
degradation that is observed in Altai (and is expected to continue in the future) is also explained by them 
by the fact that minor forms of glaciation are more stable against climate change impact: the less the initial 
glacier area, the slower its degradation rate. This is confirmed by observations made by glaciologists in 
Kazakhstan on glaciers in the northern Tian Shan and Djungarsk Alatau (Severskiy, Tokmagambetov, 
2005). 

Based on estimates of Altai glaciers ablation and accumulation values (using the multivariable 
regression model made by Y.K. Narozhny, V.V. Paromov and L.N. Shantykova (2005)) a negative glacier 
balance for the Maly Aktru glacier is indicated in years to come, with potential liquid runoff increase 
compensating for the reduction of the snow component due to a decrease in winter precipitation. 

Certain data are available indicating the degradation of the Sayan glaciers and glacier tongues’ 
receding from their ultimate moraines and decreasing lateral dimensions (Grosswald, 1963; Glaciers 
catalogue, 1982). 

A field survey of Kuznetsk Alatau glaciation conducted by P.S. Shpin (1980) and N.V. Kovalenko 
(2008) enables us to conclude that glaciation of Kuznetsk Alatau, being typical minor glaciation resulting 
from the evolution of its residual and embryonic forms, is at a stage of significant degradation, not 
excluding the total loss of certain glaciers. Analysis of the variation of six glacier areas from 1975 to 2006 
conducted by N.V. Kovalenko (2008) shows that for certain glaciers it totals 16–33%; and for three of the 
glaciers as much as 50–57%. 

3.2.4. Climate-dependent variations of river regimes and renewable water 
resources 

The flow of rivers in mountain regions is determined by precipitation level, its seasonal distribution and 
glacier supply. The spatial distribution of precipitation among river valleys of the Altai-Sayan mountain 
country depends on orography and is extremely unbalanced. The wettest are upwind western regions with 
annual precipitation totaling 1000–1500 mm. On downwind eastern slopes, the annual precipitation is 
200–400 mm, and in the intermountain basins of South-Eastern Altai and Tyva precipitation level does 
not exceed 20–30 mm from November to March. 

Glaciers contribute to the water supply of rivers and lakes primarily in the Katun basin. In this basin, 
the Argut River receives most of the water from glacier melt. Before the Argut influx, the Tchuya and 
Upper Katun produce an approximately equal quantity of water – a bit more than 0.25 km3 (Galakhov, 
Mukhametov, 1999). Calculation of glacier runoff of Central Altai rivers demonstrated that in years with 
climatic conditions favoring glacier survival the water runoff decreases by 10–15% from the standard 
level, while in years with unfavorable climatic conditions it increases by 25–30%. 

Many other medium-altitude tributaries of the Katun River with catchments situated at a height of 
2200–2500 m originate from glaciers in Central and South Altai mountains. These form a considerable 
portion of the Argut flow in the glacial-nival zone. In medium-altitude rivers with catchments at an 
elevation of above 3000 m, river stations located in direct proximity of glacier tongues achieve 40–60% 
of glacier runoff, while when rivers leave mountains, glacier runoff does not exceed 10–15% of the annual 
flow (Resources, 1969). Thus in the 1960s at river discharge measurement points on Katun tributaries, 
glacier water made up in rivers Argut – 28 and 16% of the annual flow, Kucherla – 27%, Chagan – 39%, 
and Tchuya – 18%. In the Katun flow River at the bottom of Belukha Mountain, glacier water amounted 
to 49%, and at the river exit from mountains to flatlands (near the settlement of Srostki), 8%. 

From 1976 to 2006, the annual precipitation in the Altai-Sayan mountain system increased 
insignificantly, but the increase occurred in the warm season (April – September), while in winter, 
precipitation slightly decreased and, consequently, water resources also decreased at the beginning of 
the spring snow melting (Sukhova, 2008). 

Geographical differences in precipitation distribution and intensity of warming (in particular in spring) 
determine differences in variations of average annual, seasonal and external river run-off in various time 
periods. Tests on the linear trends of long-term hydrological records of the USSR Hydrometeoservice 
and Roshydromet fixed observation network since the early 1930s and 1950s to 1980, proved the absence 
of significant directed variations of average annual run-off in the Altai and Sayan rivers (Semenov, 1990). 

30-year trend testing (from the mid-20th century to the 1980s) demonstrated that given the prevailing 
absence of significant average annual run-off variations, run-off increase was observed in rivers with 
westward oriented basins in the Altai Mountain and Western Sayan (Buya, Anuy, Peschanaya, and Tomj 
Rivers), and during the same period for rivers that belong to the basins of the Katun River and other 
rivers forming their flows in the intercontinental areas of South and Central Altai and Upper Yenisei 
basin, negative trends of annual run-off variations achieving 10% of the standard level were observed 
(Table 3.4). 
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Table 3.4.

Statistic parameters of river average annual run-off variations during 1951–1980

river–station runoff parameter 
variations during 1951-1980

average  
annual runoff

variation  
coefficient

b,		
L/s/km2

σb,		
L/s/km2

γ,	%	 For	1951–	1980,	
q0	

Percentage	of	
standard	Qav/q0	

Accepted,		
Сv	

For	1951-1980,	
Сv	

Biya	–	Biysk	 0.131	 0.610	 70	 12.9	 1.01	 0.21	 0.19	
Katun	–	Tyungur	 -0.157	 0.150	 -85	 19.3	 0.94	 0.25	 0.22	
Tomj	–	Tomsk	 0.108	 0.065	 95	 17.9	 1.02	 0.20	 0.17	
Yenisei	–	Kyzyl	 0.000	 0.024	 -97	 8.99	 0.96	 0.15	 0.15	

Comparison of annual run-off variation coeficients for 1951-1980 against a baseline period accepted 
in reference monographs (Resources, 1969, 1978) indicates a reduction of run-off variability (Table 3.4). 

Analysis of annual run-off variations for the last 30 (since 1976) and 20 (since 1988) years indicates 
a prevailing absence of sizable fluctuations, but a negative trend for the Katun continues in the upper 
part of the basin (until the mouth of the River Tyungur), and based on observation data in the trailing 
section (near the settlement of Srostki), variations alternate to positive trend. For Tomj and other rivers 
in Western Sayan, positive fluctuations changed to the absence of a sizable trend. 

Analysis of annual river run-off variations for the previous 60 to 70-year periods demonstrates that 
in the Altai and Sayan river flow, there were no sizable fluctuations of average annual run-off (Fig. 3.14.). 

In the period prior to the 1970–80s, negative trends prevailed in maximum river runoffs. In Altai it 
was identified for many rivers (Biya, Charysh, etc.), but those fluctuations were not sizable for the Katun. 

Due to more intensive spring warming which covers more altitudinal zones for shorter periods, which 
in turn has stimulated simultaneous snow melting (on a basin area that has grown larger since warming) 
and considerable precipitation and flooding since the 1980s, the negative trend of the maximum run-off 
of most rivers in Altai and Western Sayan (Katun, Biya, Tomj, etc.) has become positive. Those rivers 
have less pronounced fluctuations, as illustrated by fluctuations of maximum run-offs of Altai rivers 
(Fig. 3.15). Therefore the probability of dangerous floods has increased for large rivers. 

In spring the Western Sayan rivers maintain the trend of decreasing run-off (Fig. 3.16–3.17). The 
spring run-off decrease is more pronounced for Yenisei basin rivers which form their flows in middle and 
low mountains that affected the Yenisei run-off before the river exits mountains (Fig. 3.17).
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Fig. 3.14. Diagram of average annual discharge fluctuations of the Yenisei River – the town of Kyzyl during 
1937–2007. 

Fig. 3.16. Diagram of average spring discharge fluctuations of the Yenisei River – the town of Kyzyl 
during 1937–2007.

Fig. 3.15. Combined diagrams of maximum flooding run-off in Altai rivers 

Fig. 3.17. Diagram of average spring discharge fluctuations of the Yenisei River – settlement Nikitino 
during 1937–2007 
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Correlation analysis was used to identify potential dependence of these variations in the Yenisei basin 
on meteorological factors, which demonstrated that the correlation rate of average winter discharge with 
average winter temperature equaled 0.22, and with precipitation 0.37. It confirms that in the catchment 
area of the Yenisei River, winter precipitation is mainly solid and therefore cannot affect the discharge rate 
increase. Accordingly, the discharge rate increase during winter is caused by an increase of underground 
water in river supply. 

Against the positive fluctuations of winter run-off in the Upper Ob basin in certain years, the dramatic 
fall of the run-off of Altai rivers with extreme water shortage is contrasted. 

Comparison of averaged (standard) discharge hydrographs of Altai rivers based on observation data 
for 1945–1976 and 1976–2000 indicates a reduction of positivity of spring and spring-summer flooding, 
mainly due to the earlier onset of snow melting and cessation of flooding (Fig. 3.21). The reduction of the 
flooding period and increase in the summer drought period are especially important to low mountain 
and sub-mountain rivers (Fig. 3.21a). 

Analysis of the ASE river annual run-off fluctuations indicates that during 20-and 30-year summer 
periods, fluctuation directivity varied, however when analyzing longer periods variations of renewable 
water resources are found to be immaterial. 

Comparison of average seasonal water volume fluctuations indicates that given the relative stability 
of the regional water resources, they vary significantly depending on the season. For instance, in Altai 
Mountains a comparison for 1946–1976 and 1976–2000 indicates an increase in flow of in the majority 
of rivers during spring (Fig. 3.22) and a reduction during summer. 

In winter the following fluctuations were identified in the mid-mountain zone of the Katun: immaterial 
increase of water volume in two rivers, absence of clear fluctuations in four rivers, and in the rest of the 
region, an increase of winter discharge was observed. 

The sense of seasonal run-off fluctuations of Western Sayan rivers is slightly different. Statistical 
analysis of data series on points of concentration did not reveal significant fluctuations in average annual 
water discharge on any river. All variations are within the range of long-term flow fluctuations. However 
seasonal and annual analysis of river discharge identified significant variations in within-year discharge 
allocation for most of the rivers in the Yenisei basin. Similar to Altai and Western Sayan rivers, there is 
an increase in winter water discharge observed since the 1970s. This trend is statistically significant. In 
other seasons minor downward or upward trends can be observed in river discharges within the range of 
long-term fluctuations. But Eastern Sayan rivers, as opposed to Altai and Western Sayan rivers, have a 
distinct downward trend in spring run-off. 
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Fig. 3.20. Diagram of average winter discharge fluctuations of the Yenisei River – the town of Kyzyl 
1937–2007 

Fluctuations of minimum run-off prior to the 1970–80s were mostly positive, but in certain rivers 
(for instance, the Katun) minimum summer discharge varied insignificantly. Fluctuation analysis of 
Altai river minimum run-off from the 1980s indicates its decrease during summer drought periods. 
In recent years, to the greatest extent the minimum run-off decreased in rivers that do not have 
glacier feeding, and during the minimum flow of the Katun the minimum summer run-off even 
increased (Fig. 3.18). 

Given the prevailing lack of summer run-off fluctuations during the last decades, from the 1980s 
the recurrence of run-off increase and decrease is worsening on Western Sayan rivers (Fig. 3.19). This 
indicates that the extremity of river run-off rises under current climate change. 

For the last years there are positive trends prevailing in variations of winter run-off and minimum 
winter flow of rivers in the Altai-Sayan Ecoregion (Fig. 3.20). 

Fig. 3.18. Combined diagrams of minimum summer run-off in Altai rivers for the period 1988–2006 

Fig. 3.19. Diagram of average summer discharge fluctuations of the Yenisei River – the town of Kyzyl 1937–2007 
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Within-year river regime fluctuations in the region under review are the most representative variation 
of the hydrological regime of the rivers in the Altai-Sayan Mountain country resulting from climate change. 

The most adverse consequence of river hydrological regime variations in the Altai and Western Sayan 
is an increase in high (dangerous) flood frequency during spring time, specifically for large rivers which 
form snowmelt run-off and mixed snow-and-rain run-off simultaneously in several altitudinal zones 
due to a more intensive rise in air temperature and increase in spring precipitation. Therefore out of 
80 dangerous floods with damages registered in the West-Siberian region from 1991–2008, 70% fall 
at mountain and sub-mountain regions of the Altai and Western Sayan (Table 3.5). While the average 
duration of a dangerous flood in Russian territory is five days, in the mountain and sub-mountain regions 
of Altai and Western Sayan it is seven days (Semenov, 2009). 

Table 3.5. 

Variations of cumulative annual duration (days) of dangerously high floods in the rivers forming 
their runoff in the mountains of Altai and Sayan within the territories of the Russian Federation 

members

region 1992 1993 1994 1995 1996 1997 1998 1999 2001 2002 2003 2004 2005 2006 2007 2008 

Republic	of	Altai	 1	 19	

Altai	Territory	 1	 36	 1	 10	 3	 8	 1	 3	 34	 2	 2	 1	 5	 41	 1	

Kemerovo	Region	 1	 2	 2	 27	 2	 2	 1	 5	 17	 17	 1	

Irkutsk	Region	 10	 1	 9	

Krasnoyarsk	Territory	 1	 1	 19	 12	 15	 25	 5	 12	 11	 11	

Republic	of	Tyva	 4	 3	 1	 11	

Republic	of	Khakasia	 3	 11	 1	

For Krasnoyarsk Territory and the Irkutsk Region there is data on dangerous flood duration presented 
for the whole territory. Therefore the most representative are variations for Eastern Sayan and the 
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Fig. 3.21. 1946–1976 and 1976–2000 period averaged run-off hydrographs for rivers in high mountain (a), 
middle mountain (b) and low mountain (c) zones of the Altai. 

Fig. 3.22. River flow value fluctuation trends in the Altai during spring flooding for 1976–2000 in comparison to 
1946–1976. River basin numbers: 1 – Leed, 2 – Biya, 3 – Isha, 4 – Mayma, 5 – Katun, 6  – Sema, 7 – Peschanaya, 
8 – Anuy, 9 – Charysh, 10 – Koksa, 11 – Ursul, 12 – Ak-Kem, 13 – Argut, 14 – Dhzazator, 15 – Tchuya, 16 – 
Bashkaus, 17 – Chulyshman 

Decrease

Increase

No change

Decrease up to 2%

Increase up to 2%
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Republics of Tyva and Khakasia, in which territories there are certain fluctuations, however they are less 
pronounced. 

Situations when floods and mud flows occur became more frequent during storm showers. This 
is why administrative regions located in the south of Siberia experienced an increase in floods with 
registered damages (Table 3.6) in the period 1991–2007. The most significant increase of their 
cumulative duration is also specific for the rivers forming their discharge in the Altai and Sayan 
Mountains. As opposed to maximum spring flood discharge, the increased frequency of dangerous 
floods is specific to the rivers that form their run-off within the same altitudinal zone, in particular 
for small rivers. Only Khakasia saw no increase of registered dangerous rainfall flood frequency and 
duration (Table 3.6). 

Table 3.6. 

Variations of cumulative annual duration (in days) of high dangerous floods in the rivers 
forming their runoff in the mountains of southern Siberia within the territories of the Russian 

Federation members during 1991–2007 

region 1991 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Republic	of	Altai	 4	 5	 17	 1	 22	

Altai	Territory	 ?	 1	 14	 ?	 ?	 5	 3	 17	 10	 43	 18	

Kemerovo	Region	 5	 17	 22	 20	

Irkutsk	Region	 2	 3	 4	 5	 2	 20	

Republic	of	Khakasia	 1	

Republic	of	Tyva	 2	 5	 1	 20	

Republic	of	Khakasia	 3 11 1

Rainfall flooding is sometimes accompanied by mud flow formation, in particular on the slopes of 
intermountain basins. Mud flows in populated areas occurred, for instance, in the Charysh River basin 
(near the Ust-Kan settlement and Sanarovka village), and on the Chuyskiy tract in the Kuray steppe. Mud 
flow process activization is noted under abundant summer precipitation and is due to permafrost melting 
on the slopes of the Ukok Plateau (verbal communications from Y.P. Seliverstov and N.N. Mikhailov). 

Dangerous rainfall flooding resulting from long-lasting rains is formed in small water courses in sub-
mountain/low mountain zones and hillsides of intermountain basins, and in the autumn. 

Activation of hillside erosion and channel processes is also one of the most dangerous adverse 
consequences of increasing snowmelt, rainstorm intensity, and high river flooding. One of the measurable 
factors of these processes is water turbidity and sediment load. Based on observation data, it was 
determined that in rivers located in sub-mountain, low mountain and middle mountain belts (with basin 
altitudes not exceeding 1500 m) and having average annual water turbidity of 80–830 g/ m3, 80–95% 
of sediment load takes place during spring snowmelt (April, May), while on rivers with basin altitude 
exceeding 1500 m the figure is 70–90%. In Altai the highest water turbidity is specific to the rivers in 
North-Western Altai (the rivers Isha, Anuy, and Peschanaya) whose basins are made of readily erodible 
mild clays and eolian soil. There turbidity averaged 2800 g/m3, and in the rivers of high mountain 
zones with glacier feeding it was 6750 g/m3. In Sayans the Tyva and Minusinsk River depressions have 
the highest level of water turbidity. Sediment load formation on these rivers is impacted not only by 
ground wash-off and soil erosion but also by eolian erosion. Very high water turbidity is specific to small 
tributaries of the Bolshoy Yenisei, Maly Yenisei, Abakan, Tuba, Khemchik Rivers which run within the 
Tyva and Minusinsk depressions. During peak summer flood, water turbidity in small rivers averages 
11,000 and 44,000 g/m3 (Bellyk and Birya Rivers). 

The average annual rate of sediment load from low forested basins of low mountain rivers is 160–
170 t/ km2, from middle mountain river basins 30–100 t/km2, and from forested catchment areas 
3–13 t/ km2. In the high mountain part of the Katun River basin, rivers with glacier feeding have an 
average annual rate of sediment load of about 40–50 t/km2. 

Analysis of sediment load fluctuations for the available observation periods (from the early 1960s to 
2003) indicates that an increase in sediment load was registered in rivers in low mountains and certain 
rivers of the middle mountain parts of the region. In the high mountains, regardless of local activation 
of erosion and channel processes, no significant fluctuations in sediment load of the Katun (in the 
Tyungur River station) was registered. However visual observations by a glaciologist indicate activation 
of sediment wash-off from moraines after glacier contraction under storm precipitation and an increase 
in river channel deformations. 

An increase in river bed deformations along with the washing-out of banks and floodplains during 
high floods has become an issue for middle mountain rivers as well. For instance, the caving of Katun 
riverbank zones has endangered the Ust-Koksa settlement near the Katunsky Biosphere Reserve. 

During winter ice jams, ice fields which cause dangerous inundations of settlements became more 
frequent. For instance, ice jams in the winter of 2005–2006 in the Chemal River upstream from the 
hydropower plant storage reservoir caused an inundation of residential buildings. More frequent ice 
jams can cause great damage to Sayano-Shushenskaya and planned hydropower plants. River ice fields 
in the mouth of the Kutergen River flood a part of the Ust-Kan settlement in the Charysh River basin 
almost every year. 

Adverse variations of river regimes resulting from climate change include the more frequent water 
shortage experienced during summer in recent years; the damage caused increased particularly in sub-
mountain areas (Table 3.7). 

The duration of drought period has increased, particularly in recent years. The administrative 
regionssituated in the Upper Ob basin have experienced the highest total number of days with damage 
caused by water shortage per year. 

Table 3.7. 

Variation of duration (in days) of drought period with registered damage on rivers in Altai and 
Western Sayan 1993–2009 

Region	 1993	 1997	 1998	 2002	 2003	 2004	 2005	 2006	 2007	 2008	 2009	

Republic	of	
Altai	

34	 118	

Altai	Territory	 18	 30	 88	 82	 106	 51	 120	 162	 73	

Kemerovo	
Region	

31	 82	 85	

Most of the extreme water shortage periods have fallen in recent years – since 2006, the Republic 
of Altai has experienced adverse low water periods totaling 152 days; and the Altai Territory  735 days 
in 2002-2008 - the highest ever recorded value for Russia. Water shortage with registered damage was 
observed on the Biya, Charysh and Anuya Rivers in the downstream. The absence of extreme water 
shortages on the Katun River is due to the impact of glaciers which regulate the low water period and 
minimum run-off; this impact is preserved irrespective of the decrease of their water reserves due to 
current warming. In the territory of the Western Sayan variations of frequency of dangerous water 
shortage with registered damage were not observed. 

In permafrost regions (Ubsu-Nur and Chuya depressions, the Ukok Plateau and others) the 
continuation of permafrost degradation is accompanied by thermokarst formation that conditions 
streamflow redistribution (Semenov, 1990, 2007), deformation of the soil surface and vegetation cover, 
and activation of mudflow and earth flow processes. 
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the increase in the concentration of calcium ions. Given the reduction of the average annual run-off for 
rivers forming their flow within intercontinental regions (for example, in the Biya and Charysh Rivers), 
both minor reduction of pH level (for the Charysh) and the power of hydrogen growth (the Biya), the 
increase of water salt load and rise of sulphate-ion and chloride-ion concentrations (within 10%) are 
observed. For the rivers in the Teletskoye Lake basin (the Chulyshman, Yaylyu, Kokshi, Kyga and 
Artybash) in a 15-year observation period (1985–1999), an increase in pH level was noted in all of the 
rivers, a minor increase in water salt load in the Chulyshman, Koksha and Yaylyu Rivers. The stability of 
this factor in the Artybash and Kyga Rivers was observed. Water salt load was also practically unchanged 
in the Biya River. It should be noted that in recent years the maximum observed concentration of many 
salt-forming components was reduced in nearly all the rivers. 

Correlation analysis of principal ions concentration interlinkage with discharge rate enables the 
identification of potential human impacts on the quality of river water. Correlation analysis of multiyear 
observation data identified a statistically significant interlinkage between water flow and calcium ions, 
hydrocarbonate-ions and water salt load in nearly all rivers explored. It proves that climatic fluctuations 
of surface runoff have major effects on the formation of principal ions mode, while the impact of the 
anthropogenic component is insignificant. 

With mainly small changes in the chemical composition of river water, some of its variations (for 
instance, pH level reduction indicating water acidulation) could impact piscifauna composition. A rise in 
the temperature of river water under climate change would also have ramifications. 

In areas where rivers cross intermountain areas and in the lower part of river basins (prior to their 
exit from mountains) favorable geo-ecological conditions continue, water mineralization rises somewhat 
but usually does not exceed 300–400 mg/L, irrespective of residential and economic pressure increase. 
Water pollution of small rivers and deterioration of geo-ecologcal conditions occurs primarily in areas 
around large settlements. 

3.2.6. variations in lake water quality and ecological character 
Paleohydrological studies have determined that the formation of lake basins and evolution of water 
bodies in the Altai-Sayan mountains were associated with the climate-dependent glaciation of late 
Neopleistocene (Borodavko, 2006). In particular, it is responsible for the present amount of lakes in 
various regions and altitudinal zones: most of the lakes in the Altai-Sayan are located in the eastern part 
of the area and few of them in the northwest. 

Protected drainage water bodies were mainly used to analyze the water quality and ecological 
character of small lakes in various altitudinal zones: Lake Manzherokskoye in the low mountain zone, 
Lake Tenginskoye in the middle mountain zone, and the Multinskoye Lakes and lakes on the Ukok Plateau 
in the high mountain zone, as well as the enclosed Lake Ozernoye situated in the Kan intermountain 
basin, the watershed area of which is used as pasture land. 

The group of Multinskiy Lakes is located in the Katunsky Biosphere Reserve, in the shallow valley 
of the Multa River on the northern slope of the western part of the Katun ridge, elevation 1600–2000 m. 
The deepest is the Upper Multinskoye (average depth 21.4 m, utmost depth 46.6m), situated near glaciers. 
During summer, the water of only the very upper layers warms, while the majority of the water remains 
cold. Middle Multinskoye Lake, located 180 m lower and less deep (with an average depth of 10.5 m), has 
higher temperatures and warms to the bottom (13.5˚С on the surface and 7.5˚С at a depth of 10 m), while 
Lower Multinskoye Lake, which is the most remote from the glacier, warms even more. Other lakes have 
intermediate altitudinal positions. 

Beginning in 1933, A.O. Alekin (1935) was the first to describe and perform partial chemical analysis 
of the water and silt samples of the three above-mentioned lakes. In summer in Upper Multinskoye he 
observed even depth distribution of dissolved oxygen and a steep increase in carbonic acid with increasing 
depth (0.97 mg/L near the surface to 3.40 mg/L at a depth of 5 m, and to 7.3 mg/L at a depth of 15 m; 
and СО2 concentration from the surface to the depth of 15 m tripled). In Lower Mulinskoye at depths of 
5–15 m, a minor increase of dissolved oxygen with depth was observed, but then it decreased to 7 mg/L at 
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3.2.5. variation of water quality of the rivers 
The water mineralization of the Altai and Sayan rivers usually increases from head to mouth, as the 
duration of soil and mountain rocks coupling grows due to increase of erosional cut depth. Thus, in the 
Katun basin water mineralization in the high mountain zone varies from 40 to 280 mg/L during flood 
periods. Exceptions are rivers in the Chuya River basin, where water mineralization ranges from 325 to 
354 mg/L. In the Biya basin increased mineralization is specific to the left tributaries of the Chulyshman 
River; it is almost three times higher (for example, the Bashkaus River, with levels of 169 mg/L) than 
in the right tributaries (for example, the Chulcha River, at 61 mg/L). The rivers in the Charysh, Anuy 
and Peschanaya basins in North-Western Altai differ from rivers in the Biya and Katun basins by having 
higher mineralization, 170–450 mg/L; and in some rivers in intermountain basins with an increased 
share of ground water inflow, it averages 500-600 mg/L (the Charysh River tributaries – the Kan, Kyrlyk 
and Yabogan). During summer and winter low water periods, mineralization increases in all the rivers. 

Rivers in the Sayan high mountains have the highest water salinity values during winter low water 
period (110–200 mg/L); the lowest values are due to the peak of the spring flood (30–85 mg/L). During 
the summer-autumn low water period, the content of dissolved salt averages 90–165 mg/L; during the 
summer-autumn flood this value falls to 54–96 mg/L. In the Minusinsk intermountain area and low-
mountain rivers, water mineralization averages 300–400 mg/L even during spring flood peaks; in the 
summer low water period it reaches levels of 800–1,000 mg/L (Resources, 1978) 

НСО3-ions prevail among anions in the chemical composition of the water. During the year, water 
is distinctly hydrocarbonate (44–47% equivalent). The abundance ratio of SO4

2-equals 3–4% eqv., and 
Сl-ions 0–2% equivalent. Са2+ ions prevail among cations (34–45% eqv.). The abundance ratio of Mg2+ 
ions mainly varies from 5 to 14% eqv. 

Statistic analysis of long-term observations of water chemical composition have demonstrated 
an absence of statistically significant fluctuations in the average values of major salt-forming water 
components in all rivers explored. However, trend testing for a 15-year observation period (1989–2003) 
demonstrated that given the average annual run-off increase, a minor pH decrease and the level of water 
cumulative mineralization (Fig. 3.23) decrease is observed in rivers with basins of western periphery and 
direction (the Anuy, Peschanaya). Concentration of hydrocarbonate-ions, chloride-ions either remains 
stable (as in the Anuy) or reduces insignificantly (as in the Peschanaya). 

At the same time, the growth of water hardness was registered in these rivers, resulting mainly from 

Fig. 3.23. Variation of cumulative mineralization of river water 1986–2003 
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the bottom. Water pH in all the lakes was neutral and hardly varied with increasing depth (Alekin, 1935). 
O.A. Alekin observed similar water response in Lake Taymenje and some small lakes of the Katun 

ridge (lakes Akkemsie, Kochurlinskie, Prozrachnye). Water reaction in all the lakes was neutral (pH varied 
from 6.8 to 7.3). Oxygen content varied from 6.9 to 7.3 mg/L. It proves that the chemical composition of 
the water of the Multinskiy lakes in the beginning of the 20th century was typical for morainal lakes of 
the Altai glacial-nival zone. In early September, 2003, specialists from the Katunsky Biosphere Reserve 
took water samples from nine lakes in the River Multa basin. Table 3.8 shows results of the analysis 
performed in the laboratory of Gorno-Altaisk University. 

Table 3.8. 

Chemical composition of water from lakes in the Multa River basin in the first decade of 
September 2003 

lake рН 
total 

hardness, 
mg-eq./l

Principal ions content, mg/l
Mineralization, 

mg/lСа2+ Mg2+ (К++Na+) hCo3 so4
2- Cl-

Lake Poperechnoye 
western	shore	 5.31	 0.398	 5.61	 1.43	 3.80	 13.42	 9.6	 4.57	 38.43	

Lake Poperechnoye 
northeastern	shore	 5.80	 0.385	 5.73	 1.22	 4.63	 13.42	 9.6	 5.33	 39.93	

Lake Pauka	north-
eastern	shore	 6.02	 0.49	 5.81	 2.41	 8.95	 21.35	 15.36	 6.09	 59.97	

Lake Chasha bratjev 
north-eastern	shore	 6.04	 0.37	 5.01	 1.54	 11.6	 21.96	 14.41	 6.40	 60.92	

Lake Bolshoye 
Surochje	north-eastern	
shore	

6.08	 0.36	 5.01	 1.33	 2.85	 12.2	 5.76	 5.33	 32.48	

Lake Bolshoye 
Surochje	eastern	shore	 6.23	 1.47	 12.82	 2.92	 7.56	 42.7	 14.41	 6.09	 86.50	

Lake Up. Multinskoye 
north-eastern	shore	 6.16	 0.54	 7.04	 2.33	 2.95	 15.86	 10.90	 6.09	 44.67	

Lake Mid. Multinskoye	
south-eastern	shore	 6.11	 0.61	 7.01	 3.11	 6.2	 21.96	 15.37	 6.09	 59.74	

Lake Lower 
Multinskoye	north-
eastern	shore	

6.09	 0.55	 7.01	 2.43	 4.55	 21.96	 11.52	 4.57	 52.04	

Comparison of these results with data obtained by O.A. Alekin 70 years ago proves there has been a 
significant reduction of pH values in all the lakes (Table 3.8). Water of all the lakes moved from “neutral” 
to “subacid”, with a pH varying from 5.3 to 6.2. 

In July, 2008, a Moscow University expedition headed by N.L. Frolova conducted comprehensive 
studies of lakes and rivers in the Multa River basin. According to the published results, pH value of the 
lakes and rivers varied within the range 5.69–7.19, and salt load did not exceed 50 mg/L. The snow melt of 
glaciers and rainwater were subacid (pH=5.25), and chemical elements invading surface water, the result 
of rock chemical weathering, prevailed with the input of atmospheric precipitation and glacier water. 
The authors of this study explain pH value reduction by 1-2 units during 75 years as the consequences 
of climate change: active deglaciation, an incremental rise in precipitation in spring and streamflow 
redistribution throughout the year (Frolova et al., p. 166). Considerable fluctuations are observed in the 
taxonomic composition of limnetic phytoplankton (significant growth of the number of weed species) 
that is also explained by the climate-dependent change of ecological conditions in water reservoirs. In 
spite of these changes, all lakes remain oligotrophic.

Results of field studies in lakes without glacier recharge located within permafrost zone on the high-
mountain Ukok Plateau indicated that no acidification of water in these lakes has occurred (Table 3.9). 

Table 3.9. 

Results of analysis of the chemical composition of water from lakes on the Ukok Plateau in the 
Argut River basin (August 2003) 

lake рН htotal, 
mg-eq./l 

Principal ions content, m, mg/l Mineralization, 
mg/lСа2+ Mg2+ К++Na+ hCo3 so4

2- Cl-

Lake	Tarkhatinskoye,	
left	shore	 8.5	 2.00	 23.6	 9.9	 10.3	 134	 <1.0	 6.8	 185	

Lake	(far)	on	the	
left	slope	of	river	
Agramajy	

7.9	 2.52	 28.7	 13.4	 28.5	 116	 <1.0	 4.5	 191	

Floodplain	lake	on	
the	left	bank	of	river	
Ak-Alakha	

8.8	 1.27	 21.6	 2.3	 5.7	 81.5	 <1.0	 5.4	 117	

Neutral and alkalescent water types are specific for the lakes located in the Chulyshman River basin, 
near the boundary of the Altaisky Biosphere Reserve. 

Tenginskoye Lake (elevation 1114 m) relates to the Seminskiy district of the Central-Altai 
physiographic province. The difference in height between the surface and the Ursul River rim near the 
Tengi settlement is about 100 m. The lake has an area of 1,475,000 m2 , water volume of 4,791,250 m3, 
and a complex circular shape which is slightly elongated on the valley center line (Seledtsov, 1963). The 
lake basin is of tectonic origin. Morphological features of the lake are generally determined by its origin. 
As a result of lacustrine deposit accumulation, shallow depths of 1 to 7 m prevail. 

Surface run-off plays the key role in the lake water supply. Constant water inflow is secured by 
short mountain rivers: the Borbok, Ishagash and Verkh-Koksa, which account for 75–77% of water-
budget input; atmospheric precipitation provides 15–20%, while underground sources provide a 
minimum amount. The maximum rise in the level of the lake is observed from late April to early 
May. Minimum water level is registered in the second half of winter, from February to March. Intra-
annual fluctuations of the water level of the lake vary from 0.5–0.6 m. The small River Tenga flows 
out providing insufficient flowage of the lake, so lacustrine deposits acquire specific properties of 
putrefying silty mud. The lake is of the moderate thermal type, and warms quite well during the warm 
season because of extensive shallow waters amounting to about 70% of all the area. The surface water 
temperature in July ranges from 20–22°С, in March, 0°С, and in summer at depths of 6–7 m, 13°С. In 
late November the lake freezes over. 

The lake water is fresh, low-mineralized and belongs to the calcium hydrogencarbonate type. It has 
an off-flavor taste and hydrogen sulfide smell in winter. The lake’s vicinity to waterlogged forest and 
peatlands affects the water quality. Humic acid gives the water a yellowish-brown color. 

Considerable amount of organic material was identified in the lake water. Sour values are within 
the range of 15.7–29.6 mg/L. BOD value amounts to 4.5 mg O2/L. All forms of inorganic nitrogen were 
found in the water: N03

 up to 11.7 mg/L, N02
- up to 0.5 mg/L, NH4

+ up to 0.9 mg/L; phenols from 0.001 
to 0.003 mg/L, that indicates worsening of ecological state of the lake. The lake and surrounding area of 
130 ha are protected as a nature reserve (Red Data Book of Republic of Altai, 2000). 

Among small lakes, Mangerokskoye Lake is the most interesting exploration target because there 
are populations of caltrop Trapa natans dating from the pre-glacial period. Mangerokskoye Lake is in 
the Ioilga district of the North-Eastern Altai physiographic province, and its western part occupies a 
part of ancient valley of the Katun River. The lake has a nearly ellipsoid shape and a length of 1112 m. In 
spring, because of a dam and intensive snow melting, water level rises, causing the lake to temporarily 
have lengths of 1500–1700 m. The width of the lake varies from tens of meters to 240 m. The stable 
area of the lake is 376,000 m2. The lake basin contains 8000 m3 of water (Seledtsov, 1963). The lake is 
located at an elevation of 423 m, and its elevation above the Katun River near the settlement of Mangerok 
is 88 m. The lake bed is relatively even and flat, and its depth increases from shores to the center. The 
shores are flat and swampy, with alluvial deposits and crystalline rock (shale rock, aleurolite) present 
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in their stratification. The lake fed by intermittent creeks forming during snowmelt or of storm rainfall. 
Subsurface water of Sinyukha Mountain enters the lake at the south shore in the form of numerous seeps. 

The lake is regressing – the shoreline has retreated from its previous level by 10–15 m (in places 
by 100–120 m). Also the hydrological budget is disrupted and has negative values impacted by 
anthropogenic factors, including logging and greenfield land disturbance. Water transparency is 1.0–1.5 
m. Water temperature in June and July ranges from 20–24°С, and in ground layer (depending on depth) 
varies from 10–13°С. The lake freezes over in November. Table 3.10 provides data on the lake biogenic 
contamination in various hydrological phases. 

Table 3.10.

 Chemical composition of Mangerok Lake during various hydrological phases 2003, mg/L 

Phase Nh4
+ No2 No3 Po4

-3 BoD5 CoD 
oil 

paraffin 
synthetic 

surfactant s 
Phenols 

solid 
residue

suspended 
substance 

Winter	low	water 0.094	 0.01	 3.3	 n/d	 2.17	 6.94	 n/d	 n/d	 n/d	 69.4	 5.3	

Flood	 0.7	 0.49	 12.6	 0.19	 6.27	 34.9	 0.025	 traces	 0.0003	 55.5	 42.6	

Summer	low	
water

0.65	 0.04	 25.7	 0.13	 4.02	 23.4	 0.074	 0.082	 0.0005	 62.7	 35.1	

Water in the lake is hydrocarbonate-calciferous-magnesium, low-mineralized, and soft. Its hardness 
varies from 0.95–1.15 mg-eq/L. Water was found to contain nitrates in the average amount of 1.775–
8.65 mg/L; and nitrites in amounts close to the established maximum permissible concentrations (MPS,  
0.02 mg/L). Additionally, the water contains organic materials. Chemical oxygen demand (COD) values 
range from 54.8 -66.2 mgO2/L. BOD5 is within the range of 3.8–6.9 mgО2/L, which indicates water 
contamination with organic material (Red Data Book of the Republic of Altai, 2000). The lake suffers 
minimum human impact during the winter low water period, and maximum impact during flood periods 
and the summer low water. 

The lake is subjected to considerable human impact that gives us justifiable concern. Pine-birch wood 
harvesting in its surroundings have changed the hydrological regime that impact flora and fauna. The 
lake area has contracted, organic remnants are actively molding, and the waterlogging process is being 
enhanced. 

Ozernoye. Enclosed lake near the settlement Ozernoye is the most interesting lake of Kan 
intermountain basin in Altai; in recent years the lake becomes dystrophic at a growing rate impacted by 
climate warming irrespective of decreasing human pressure. The lake belongs to the Kan River catchment 
and is located within the system of small lakes. From the early XX century this lake shoaled during a 
short time, its shores are overgrowing with hydrophilous vegetation. The lake chemical composition data 
is presented in Table 3.11. 

Table 3.11. 
Chemical composition and salt load of water in Lake Ozernoye during summer  

low water period 2005, mg/L

рН htotal Ca2+ Mg2+ K + Na hCo3
- so4

2- Cl- Nh4
+(N) No2

-(N) No3
-(N)

salt 
loadtotal

8.3 3.9 24.9 32.3 54.0 174.0 38.5 92.2 0.23 0.56 0.66 416.0

The lake water relates to the hydrocarbonate group of the magnesium class. A pH value of 8.3 is within 
the outer limit of pH MPC (6.5-8.5). Key factors contributing to the water chemical composition are 
hydrocarbonate-ions (46%) and magnesium ions (42%). High concentration of nitrogen group compounds 
was registered in the form of nitrite-ions. Concentration of these ions exceeds MPC (0.02 mg/L) by 28 
times, indicating the increased level of  lake eutrophication, approaching the dystrophic stage. The fact 

that present climate change facilitates these processes is proved by the results of chemical analysis of 
water samples taken during the summer low water period of 2010. We continue to see an increase in 
Nitrogen compounds content, magnesium levels and total dissolved solids.

The ecological condition of flood-plain lakes in the Kan inter-mountain basin and the part of it  
located in the Yabogan River valley, in particular water bodies that receive an abundant underground or 
permanent surface water supply is slightly better. 2010 studies indicated that water chemical composition 
and mineralization of drainage lakes differs insignificantly from river water, and lakes not connected to the 
river during drought period are also subject to eutrophication. Similar lakes located in the wetter regions 
of the Altai-Sayan Ecoregion, for instance in River Chulyshman basin, are primarily in the  mesotrophic 
stage of development.

Studies (carried out in 2010) on the chemical composition of marshes formed as a result of 
eutrophication and the overgrowing of waters in River Biya basin indicated that the pH level of the water 
varies from 6.65 to 4.97, total mineralization – from 114 to 314 mg/L, and as for ion composition the 
water is hydrocarbonateous with high concentration of ferrum and nitrogen compounds.

The Lake Teletskoye. Climate-dependent fluctuations of the chemical composition of water in 
large lakes could be analyzed by comparing the  water mineralization fluctuations of the key feeder for  
Lake Teletskoye, River Chulyshman, and the only discharging River Biya. For a  similar observation 
period (1989–2003) there are practically no fluctuations in total water mineralization  indicating the 
lake stability in respect of climate change.
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4. INDICATORS OF CLIMATE CHANGE IMPACT 
alexey o. Kokorin and Irina E. Kamennova

4.1. sUMMary oF KEy vUlNEraBIlIty INDICators aND 
CorrEsPoNDING aDaPtatIoN aCtIoN

Ten global adaptation goals identified for the UNFCCC National Adaptation Programmes of Action 
(NAPA)1 can serve as a guide for formulating the regional priority needs for adaptation. These are 
presented below in the summary table (Table 4.1). Every goal is accompanied by indicators and sets of 
activities (adaptation strategies). 

It is assumed that it will not be difficult to select the most important issues for every country or its 
part, such as ASE, out of this list, when the adverse impacts of climate change reveal themselves or 
when forecasts are made indicating serious threat. 

At country level, these issues have been largely addressed in the national communications submitted 
by the UNFCCC Parties to the Convention Secretariat. The Russian Federation has reported on the 
related actions in its fifth national communication. 

On the conceptual level, seven major consequences of climate change were identified in Russia by the 
National Climate Doctrine signed in late 20092:

“Adverse consequences of expected climate change in the Russian Federation include:

● increase in health risks (increase in morbidity rate and morbidity level) for certain 
population social status categories; 

● increased frequency, intensity and duration of droughts in certain regions; extreme 
precipitation, floods, risk to the  agricultural sector, and  soil waterlogging  in other regions;

● increased risk of fire in forested areas;
● permafrost degradation in the northern regions causing damage to buildings and 

disrupting communications;
● disruption of ecological balance, including alien species invasions;
● spread of infectious and parasitic diseases;
● increase of energy consumption due to air conditioning in summer period”.

At the same time at regional level, in particular for the ASE, it makes sense to reconsider the problems 
and identify the most urgent issues once again; for this purpose this table could be helpful to ensure all 
issues are covered. That is the reason why this report presents the complete table in the Russian Language 
based on NAPA materials. Indicators that are potentially the most important for the ASE are given in bold.

1 http://unfccc.int/resource/docs/publications/ldc_napa2009.pdf
2  http://www.kremlin.ru/acts/6365

Table 4.1. 

General adaptation goals, key vulnerabilities and interventions (adaptation strategies) 
identified for National Adaptation Programmes of Action 

AdAptAtion GoAL/
Sector

Key vuLnerAbiLitieS nApA AdAptAtion StrAteGieS

Agriculture	and	food	
security:	achieve	
and	safeguard	food	
security

•	 Shorter	growing	seasons

•	 Declining	fish	populations	

•	 Loss	of	agricultural	land	(erosion	during	
floods,	desertification	for	droughts)

•	 Floods	erode	soil	fertility	

•	 Soil	salination	due	to	salt	water	intrusion

•	 Uncertainty	about	what	and	when	to	plant	

•	 Droughts	and	unpredictable	rainfall	+	heat	
spells

•	 Reduced	crop	yields

•	 Change	of	planting	dates	

•	 Diversification	of	plant	production	by	breeding	resilient	
crops	(drought	resilient	for	drought	prone	areas,	and	salt	
resistant	for	coastal	zones	etc.)

•	 Fodder	production	

•	 reseeding of rangelands

•	 Water	harvesting

•	 Construction	and	rehabilitation	of	reservoirs/dams

•	 Water-saving	irrigation	techniques

•	 End use planning

•	 soil conservation

•	 Food	preservation	and	processing	through	improvement	of	
small	scale	industries	

•	 Food/cereal	banks

Water	resources:	
achieve	and	
safeguard	water	
security	and	
sanitation

•	 Drying	up	of	rivers	and	springs	

•	 Increased	water	stress	–	growing	shortage	
of	water	of		a	satisfactory	quality	to	meet	
the	needs	of	the	population	and	the	
ecosystem

•	 Rising	sea	levels	compromise	fresh	water	
sources	

•	 Scarcity	of	potable	water	

•	 Unsustainable	use	of	groundwater	
resources	

•	 Rain	water	harvesting

•	 Rehabilitation	of	wetlands

•	 Integrated watershed management with land use and 
coastal areas protection benefits

•	 Rehabilitation	of	boreholes/wells

•	 Resilient	designs	of	reservoirs,	irrigation	canals,	ponds	and	
dykes

•	 Efficient	water	use	

•	 Eco-sanitation

Physical	safety:	
protection	of	life	and	
property	against	
climate	extremes	and	
disasters	including	
along	low	lying	and	
coastal	areas	

•	 Increased extreme and new events 
(glacial lake outburst floods (GloFs), 
droughts, floods) 

•	 Traditional	early	warning	systems	unable	to	
simulate	the	new	and	frequent	events

•	 Landslides	due	to	flooding

•	 Inundation	along	coasts

•	 Coastal	erosion

•	 Degradation	of	marine	ecosystems

•	 Artificial	lowering	of	lakes

•	 Construction	of	dykes,	current	breakers,	and	shifting	dune	
bars

•	 Radar	reflectors	and	life-vests	for	fishermen

•	 Hazard/risk	maps	and	related	response	maps,	escape	
routes

•	 Planning settlements in low risk areas

•	 Resettlement	of	communities	at	risk

•	 Disaster management, preparedness and awareness

•	 rehabilitate existing startions/equipment  and/or install 
new  ones

•	 Establishment of communication systems for early 
warning

Protecting	livelihoods	
and	enhancing	
adaptive	capacity

•	 Degradation	of	natural	resources	and	
ecosystems	

•	 Safety	nets	(e.g.	social	action	funds)

•	 Promotion of non-conventional food resources

•	 homestead food production

•	 Gender	mainstreaming

•	 vocational training facilities and centres for 
communities

Climate	proofing	
major	components	of	
national	economies	
and	sustainable	
development	(socio-
economic	growth	
engine)	

•	 Climate	change	exposes	farmers	to	
uncertain	risks	with	heavy	losses

•	 Farmers	do	not	have	access	to	credit

•	 Increase	in	frequency	and	magnitude	of	
climate	extremes

•	 Community training programmes on climate change

•	 Include climate change in national curriculum

•	 Develop	and	introduce	energy	saving	techniques

•	 Insurance		coverage

•	 Contingency funding in droughts

•	 Contingency	funding	for	survival	during	disasters
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AdAptAtion GoAL/
Sector

Key vuLnerAbiLitieS nApA AdAptAtion StrAteGieS

Supporting	and	
enhancing	human	
health	and	safety

•	 Alteration	of	spatial	and	temporal	
transmission	of	disease	vectors,	including	
malaria,	dengue	fever,	meningitis,	cholera,	
and	diarrhea

•	 Increased	tropical	storms	increase	risks	to	
life,	including	population	upsurge	in	zones	
of	increased	risks

•	 Distribution	of	treated	mosquito	nets

•	 Production	of	bio-pesticides

•	 Rehabilitation	and	establishment	of	health	care	centres

•	 Securing	potable	water

•	 Waste	water	treatment	systems

Protecting	and	
enhancing	
ecosystem	structure	
and	function	for	the	
sustainable	provision	
of	ecosystem	goods	
and	services

•	 Desertification

•	 Deforestation

•	 Degradation of grasslands

•	 Replacement	of	native	species	and	
colonisation	by	non-indigenous	species

•	 Sediment	pollution	during	floods

•	 loss of biodiversity and ecosystem 
services due to erosion, watershed 
regulations and economic development

•	 Coastal	afforestation

•	 Rehabilitation	of	mangroves	and	plantation	management

•	 Participative	protection	of	coastal	sediment	barriers

•	 Optimization	of	freshwater	and	drainage	management	
including	construction	of	diversion	furrows	and	terraces

•	 soil and vegetation management

•	 Integrated	watershed	management

•	 reseeding of rangelands

•	 Plantation	of	trees	and	grasses	in	gullies

•	 Construction	of	gabions	to	stop	erosion	and	rehabilitate	
wetlands

•	 Rehabilitation	of	silted	ponds	and	reconstitution	of	basin	
slopes

Climate	proofing	
renewable	energy	
sources	and	supplie

•	 Energy	insecurity	resulting	from	disruption	
of	hydropower	systems

•	 Diminishing	of	indigenous	biomass	
resources

•	 Wild-fire prevention and management

•	 Energy efficiency

•	 Micro hydropower stations

•	 Diversification of energy sources (solar, wind, biogas)

Protecting	and	
preserving	cultural	
values	and	cultural	
systems

•	 Cultural norms and heritage	(housing,	
clothing,	medicine	and	other	traditions)	are	
closely	linked	to	the	environment

•	 A	change	of	environment	puts	pressure	and	
forces	changes	in	the	culture

•	 Protection	and	conservations	of	indigenous	species

•	 Preservation of cultural heritage sites and	promotion	of	
botanical	gardens

Protecting	and	
improving	the	
design	of	critical	
infrastructure

•	 Accelerated	beach	erosion

•	 Destruction	of	infrastructure	during	extreme	
events	(floods,	storms)

•	 Re-designing	and	rehabilitating	infrastructure

•	 Planning	settlements	in	low-risk	areas

5. ASSESSMENT OF TERRESTRIAL ECOSYSTEM AND 
WATER RESOURCE VULNERABILITY TO CLIMATE CHANGE 

5.1 ECosystEMs aND sPECIEs
Nadezhda M. tchebakova, yelena I. Parfenova and tatiana a. Blyakharchuk

5.1.1. tundra-to-Forest and Forest-to-steppe Change “hot spots” Under 
Future Climate scenarios for the End of the 21st Century

Climate change projections obtained for the end of the 21st century were analyzed to identify “hot spots”, 
which are most likely to first experience vegetation cover changes and are, therefore, the highest-priority 
areas for the change monitoring. The “hot spots” of potential mountain forest shifts across ASE were 
modeled for 2080 using the 1961–1990 ground data and B1 and A2 climate change scenarios. In our 
bioclimatic model, the forest currently borders the tundra, as determined by 300 ˚С cumulative growing 
degree-days, and steppe, as determined by a moisture index of 3.3. These border values of both climatic 
indices were coupled with the 1961–1990 and 1991–2080 climatic index layers to obtain the mountain 
forest ranges in ASE under HadCM3 B1 and HadCM3 A2 climate scenarios. The differences between 
these ranges indicated hot spots of potential structural forest vegetation changes by 2080 under B1 mild 
and A2 severe climate change scenarios (Fig. 5.1A and 5.1B, respectively). 

Under B1 scenario, 72% of ASE vegetation cover will remain in its current boundaries, whereas 23% 
of today’s tundra area will become favorable for forest growth and 5% of current low-mountain forests 
found at the boundary with the steppe are predicted to be replaced by the steppe where these forests will 
fail to recover following fires. 

While over 67% of forests would, under A2 climate change scenario, remain within the current extent, 
climate aridity and moisture deficit  would result in that 22% of forest growing at current lower tree 
line  changing into steppe and the forest would, in turn, migrate upwards, into higher mountains, to 
occupy about 10% of today’s tundra. Climate change data reported in literature contains evidence of 
forest expansion into tundra, establishment of young dark-needled undergrowth in larch-dominated 
taiga, and afforestation of moraines left by retreating glaciers. 

Hot spots in forest cover change are shown in detail for six ASE lspecially protected nature areas 
(SPNAs) in Fig.5.2. Tundra areas (green) found nowadays in the highlands of large specially protected 
nature areas (SPNAs) Mongun-Taiga Cluster, of the Ubsunorskaya Kotlovina Biosphere Reserve, Azas 
State Nature Reserve and Katunsky Biosphere Reserve, and on some ridges of the Sayano-Shushenskiy 
Biosphere Reserve, will be considerably colonized by forest as the climate grows warmer. Steppe 
development at the lower tree line will only occur in fairly small river valleys found in the low-mountain 
parts of the Sayano-Shushenskiy Biosphere Reserve and Stolby State Nature Reserve.. A drastic increase 
in climate aridity predicted for the Khakassky State Nature Reserve steppe clusters would result in true 
steppe conversion into dry steppes and the Uibat dry steppes might, in turn, become semi-desert. 

5.1.2. Negative influence of predicted climate changes on rare and 
endangered plant species and communities

Under the climate warming scenarios developed for the end of the 21st century, which are described 
in Subsection 2.3, the climate will grow much drier than today in southern ASE to result in drastically 
decreasing extents of highland biomes including alpine, highland tundra, and subalpine vegetation 
communities. Ten of 196 rare and protection-requiring vegetation communities mentioned in the Siberian 
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Fig.5.2. The 2080 forest-to-steppe change (yellow) and tundra-to-forest change (green) hot spots in the ASE 
specially protected nature areas (SPNA) under A2 climate change scenario. The vegetation that will not change 
in extent is denoted by grey color. SPNAs: 1 – Altaisky State Nature Reserve and Mongun-Taiga Claster of 
Ubsunorskaya Kotlovina Biosphere Reserve; 2 – steppe clasters of Khakassky State Nature Reserve; 3 – Stolby 
State Nature Reserve; 4 – Azas State Nature Reserve; 5 – Sayano-Shushenskiy Biosphere Reserve; 6 – Katunsky 
Biosphere Reserve

Fig. 5.1. Potential ASE forest zone shift hot spots by 2080 as projected using HadCM3 B1(A) and HadCM3 A2 (B) 
1 is tundra-to-forest change; 2 is forest-to-steppe change; and 3 is no change

А Б Green Book (1996) will be on the verge of extinction. Since many highland vegetation communities, 
particularly those characteristic of alpine and mountain-steppe landscape types, are found in ASE at 
their distribution boundaries, they will potentially be past recovery in this ecoregion. 

rare and valuable plant communities expected to markedly decrease in area or be eliminated 
from asE under the climate warming scenarios 

1. Elfin birch (Betula tortuosa) woodland found in the upper reaches of Sarana River (1150 m 
above sea level (a.s.l.) in Kuznetsk Allatau. This community is on the list of rare plant communities 
needing protection, because the ASE is where the western and upper boundaries of this woody species 
and the communities dominated by it occur. This unique vegetation community is likely to be eliminated 
as a result of an upward shift of the dark-needled mountain taiga upper boundary. 

2. Western bistort/sedge (Polygonum bistorta+Carex aterrima) subalpine meadow found 
in the vicinity of Pukhtaskhyl Mt. at 1400 m a.s.l. in Kuznetsk Alatau. This community, a standard 
community of the major species of the humid highland subalpine vegetation belt, is likely to vanish as a 
result of forest’s upward migration, hence eliminating the alpine and subalpine vegetation belts. 

3. Maral root (Rhaponticum carthamoides) subalpine meadows found at Maly Kazyr stream-
head on Tiger-Tysh Ridge in Kuznetsk Alatau, a standard community of the major species of the humid 
highland subalpine vegetation belt, which is also likely to vanish as a result of forest upward migration, 
hence eliminating the alpine and subalpine vegetation belts.   

4. Golden rhododendron/lichen (Rhododendron aureum /Cladonia stellaris) highland 
tundra common on Tumat-Taiga and Academician Obruchev Ridges (1900 m a.s.l.) in Tyva is a standard 
plant community of north Asian humid highlands represented by sparse relic fragments of the indigenous 
vegetation cover. This community is likely to be eliminated due to a general increase in the regional 
climate aridity.

5. Cladonia-Cladina (Cladina stellaris + C. rangiferina + Cladonia amaurocraea + 
Cladina arbiscula) polydominant highland tundra found in the highlands (2200 m a.s.l.) of 
Sangilen upland region in Tyva contains medicinally valuable species, which are considered to be Russia’s 
national treasure. This tundra is likely to be eliminated due to the increasing climate aridity predicted for 
this region.

6. Island moss (Cetraria islandica) highland tundra common in Alexander Pass (1000 m 
a.s.l.) of Kuznetsk Alatua is also a source of medicinally valuable species, which is likely to be replaced 
by the forest migrating upward. 

7. Cetraria (Cetraria cucullata) highland tundtra common on Tiger-Tysh Ridge (1900 m 
a.s.l.) of Kuznetsk Alatau is now used for medicinally valuable species, however it is likely to be replaced 
by forests migrating upward.

8. Pale-ochre Cetraria (Cetraria cucullata) highland tundra common on Tiger-Tysh Ridge 
(2900 m a.s.l.) of Kuznetsk Alatau is a source of medicinally valuable species, which is likely to be 
eliminated by  the upper forest boundary’s upward shift. 

9. Alectoria Lichen (Alectoria ochroleuca) communities found in Kargy river’s upper reaches 
(2280 m a.s.l.) in Sangilen upland region of Tyva . This onion species is listed in the Russian Red Data 
Book. This is the northern boundary of the species range. These communities also contain numerous 
other species endemic for the Altai-Sayan mountain region and they are likely to be eliminated under 
increasing climate aridity. 

10. Adams rhododendron/pea shrub (Rhododendron adamsii + Caragana jubata) 
highland tundra common on the watershed between Narym and Balyktyg-Khem rivers in Sangilen 
upland region of Tyva is an endemic plant community of south Siberian mountains, which contains 
many rare species and reflects the history of vegetation cover development on calcareous soils. This 
region is the western edge of the community. This community is likely to be eliminated due to increasing 
regional climate aridity. 
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Predicted negative effects of global warming on asE rare and endangered plant species

In the vegetation simulations obtained under the above warming scenarios for the end of the 21st 
century, plant species characterized by narrow ecological ranges limited to highland vegetation belts, 
such as highland tundra, alpine, and subalpine belts, are the most highly-endangered. Plant species 
whose ecological requirements   allow them to grow in highlands and in the upper part of the forest 
belt, will be eliminated from the highlands due to climate warming, but are likely to remain in the 
mountain forest belt. Rare plant species now occupying rock outcrops will have an advantage over 
other plants when it comes to adaptating to climate warming, as “stone rivers” locally called “kurumy” 
are usually not colonized by forests, even in the middle-mountain forest belt. Notably, there now 
exists a vast group of narrow-ecological-amplitude plant species limited solely to the alpine, subalpine 
belts, and highland tundra, which are not considered rare, but will fall into the categories of rare 
and endangered species as a result of projected drastic decreases or, in places, extinction of highland 
vegetation belts. Similarly, certain forest vegetation species will be eliminated from ASE mountain 
area, which is predicted to experience the biggest forest range decrease with increasing climate 
aridity. Conversely, certain rare plant species found south of forests, mainly in ASE steppe areas, will 
potentially even increase in extent under warmer climate. The plant species, which will suffer most, by 
our estimates, from predicted landscape changes associated with climate warming, are listed below. 
As current protection status of plant species and their survival potentials are given by administrative 
region, such as Altai Territory (Red Data Book… 2006), Kemerovo Region (Red Data Book… 2000), 
Republic of Khakasia (Red Data Book… 2002; Rare and …1999), Republic of Altai (Red Data Book… 
1996), and Republic of Tyva (Red Data Book… 1999), the same species can be mentioned in different 
lists. 

Currently endangered (En) plant species predicted to become extinct (Ex) species under 
climate warming in asE listed in:

red Data Book of republic of altai (1996)

1. Astragalus luxurians Bunge   
This astragal species is found at 2000-2200 m a.s.l. on stony slopes, grass sod-covered taluses, and 

larch-dominated open woodlands only on the Chikhachev Ridge of southeastern Altai. Although this is 
an En species, factors limiting its range are largely unknown. This might become an Ex species under 
increasing climate aridity. 

2. Carex krausei Boeck  
This species grows on highland stony slopes. Only a single location of this species, the vicinity of the 

Naryn gold-field on the Sangilen ridges, which was found by Sobolevskaya in 1949, is known nowadays. 
This species, if it still grows in Tyva, will disappear as the regional alpine climate grows drier.

red Data Book of republic of Khakasia (1999) 

3. Astragalus pseudoaustralis Fisch. Et Mey.  
This ASE endemic species is found on stony slopes of the alpine vegetation belt, in rock-debris, and 

moss/lichen tundra of Kuznetsk Alatau. The species is  likely to become extinct when the upper forest 
boundary moves upward  resulting in highland vegetation belt extinction in Kuznetsk Alatau. 

4. Dactylorhiza psychrophila (Schlechter) Aver.
This species is found on wet banks of creeks and rivers in highland tundra and other high-mountain 

vegetation belts. Only one location of this species, Tashtyp river valley, is known today. A predicted 
decrease in the regional dark-needled forest range is likely to result in the species extinction. 

5. Lathyrus krylovii Serg.   
This ASE endemic grows in highland Siberian pine stands and alpine meadows and will most likely 

disappear from the highlands under climate warming.

6. Neottia nidus-avis (L.) Rich. 
 This mesophytic saprophyte grows in shady conifer and mixed forests. Only one location of this 

species, Tashtyp river basin, Khakasia, has been found. The species is likely to disappear under climate 
warming and decreasing dark-conifer forest area. 

7. Pedicularis lasiostachys Bunge.     
This species occurs along the border with the subtaiga forest belt in Kuznetsk Alatau. Its major 

range covers Altai and Mongolian alpine meadows and alpine stony slopes. Under climate warming, 
this species will be extinguished as a result of forest movement into the alpine vegetation belt and 
invasion of the lower forest zone by steppe on the east-facing Kuznetsk Alatau macroslope. 

8. Ptarmica ledebourii (Heimerl.) Serg.  
In Khakasia, this species is rare. This is an Altai-west Sayan endemic growing on alpine and subalpine 

meadows, which are the northeastern boundary of its range. Predicted west Sayan highland afforestation 
will lead to the species extinction. 

9. Saussurea dorogostaiskii  Palibin emend. Krasnob. et V.  
This  Sayan-northern Mongolia endemic listed in the Russian Red Data Book (1988) grows on rock 

outcrops in the highlands of Khakasia. Predicted afforestation of current highland vegetation belts will 
result in the species extinction. 

10. Saussurea sajanensis Gudschn.         
This western Sayan endemic grows on limestone cliffs along the upper forest boundary and is in 

the List of Rare and Endangered Plants of Siberia (1980) recommended to be protected by the state 
government. This species will disappear due to predicted afforestation of the highland vegetation belts 
in western Sayan. 

 There are no highland vegetation species among 13 plants mentioned as presumably extinct (Ex) in 
the Book of Khakasian Rare and Endangered Plant Species (1999). Individual plants growing in currently 
unknown locations will either increase or decrease in range depending on levels of conformity between 
their ecological demands and different climate change scenarios.

Plants nowadays assigned to the category of vulnerable species (v), which are likely to fall 
into extinct (ex) or endangered (en) species categories under climate warming

Under the climate warming scenarios and vegetation cover simulations described above, there exists 
an increasing probability for this plant group to become extinct due to predicted decreases and extinction 
of highland vegetation belts in different parts of ASE and increasing climate aridity in southern ASE. 
Populations of certain vulnerable species having medicinal or esthetic value are decreasing rapidly as a 
result of heavy human influences. The following species of this vulnerable plant group that are predicted 
to either be extinguished (Ex category), or become endangered (En category) are included: 

red Data Book of altai territory (2006)

11. Aconitum decipiens Worosch  et Anfalov. 
This plant growing in alpine meadows is rarely found in Altai Territory
12. Bupleurum longiinvolucratum Kryl.  
This species of low competing capability is found on open stony slopes and, less frequently, at self-

thinned forest upper boundary. Climate warming-induced highland vegetation belt afforestation will 
result in the species extinction.

13. Doronicum turkestanicum Cavill. 
In Altai Territory, this species grows in rock-debris tundra and sloping alpine meadows, which 

constitute its northern range boundary. The probable cause of species extinction  is climate warming-
induced afforestation of mountain tops.

14. Mertensia Pallasii (Ledeb.) G. Don 
This vulnerable species is characterized by a discontinuous range. In the Altai Territory, this species 

grows on alpine meadows, afforestation of which under climate warming will result in the species extinction. 
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15. Oxytrpis tschujae Bunge 
This vulnerable species grows on stony, rock debris-covered slopes, and in the highlands of Altai 

Territory. The species will likely disappear due to predicted highland afforestation.
16. Pyrethrum alatavicum (Herd.) O. et B. Fedtsch  
The northeastern boundary of this species occurs in the Altai Territory. This species grows in alpine 

meadows, vegetation-covered rock debris, and on banks of alpine streams. This species will disappear 
due to predicted climate warming.

17. Vicatia atrosanguinea (Kar. et Kir.) P.K. Muk. et Pimenov 
This species grows on rock debris-covered slopes and along streams in the subalpine vegetation belt 

and at the upper tree line. In the Altai Territory, this species is vulnerable, has low competing capability, 
low seed production, and its population is decreasing. Potential climate warming-induced Altai highland 
afforestation will result in the species extinction. 

red Data Book of republic of altai (1996) 

18. Allium tytthocephalum Schult. et Schult. f. 
This southern Siberian vulnerable endemic grows on rocks, taluses, and grass sod-covered rock 

debris of southern slopes at 1900–2100 m a.s.l. This species range will tend to vary with vegetation-
cover projections and climate change scenarios. While its range is expected to extend with increasing 
future climate aridity in southern ASE, this species will potentially fall into Ex species category more to 
the north, where the climate will grow more humid to enhance highland vegetation belt afforestation.  

19. Astragalus aksaicus Schischk. 
This narrow-range vulnerable species occurs on rock-debris slopes and stony river banks at 2000 m 

a.s.l. and will become endangered as a result of climate warming-induced highland vegetation belt 
reduction and hydrological regime changes.

20. Caragana jubata (Pallas) Poir.
The range of this pea shrub species in the Altai Territory is relict and discontinuous. The species 

grows on limestone slopes, rock debris, and rocks in the upper part of the forest zone, as well as on the 
Chikhachev Ridge in highlands. A severe increase in southern ASE climate aridity will potentially reduce 
the species range.

21. Dendranthema sinuatum (Ledeb.) Tzvel.  
This species is found on rocks, taluses, and stony slopes at elevations of 600 to 2500 m a.s.l. This 

vulnerable ASE endemic is sparsely distributed and has narrow ecological amplitude. Increasing climate 
humidity associated with predicted climate warming is expected to enhance northern ASE highland 
regions and this species will move from V category to En category. 

22. Mertensia pallasii G.Don.
This Altai endemic grows on shady rocks on Korgon Ridge, in the subalpine vegetation belt. The 

species is considered vulnerable, as its competing capability is low. Under predicted climate warming 
and the upper tree line upward shift, this species is likely to become endangered. 

23. Rhaponticum carthamoides (Willd.) Iljin.
Maral (Siberian deer) root grows in the subalpine vegetation belt, being less abundant than the alpine 

belt (1400–2000 m a.s.l.). This is a vulnerable species, because its range is decreasing due to intensive 
collection for medical and industrial purposes. As a result of the upper tree line shift upward and into 
the subalpine vegetation belt, maral root range is expected to drastically decrease and the species will fall 
into En category.

24. Rhodiola subpinnata (Krasnob.) Krasnob. (R. pinnatifida A.Boriss, subsp.
subpinnata Krasnob.)
This Altai endemic grows in alpine meadows, stony tundra, and rock debris-covered slopes. The 

species is nowadays non-abundant, with the abundance decreasing continuously. This currently 
vulnerable species is expected to disappear under predicted climate warming and highland vegetation 
belt afforestation.

25. Rhodiola rosea L. 
This species growing along rivers and creeks of the subalpine and alpine vegetation belts is a valuable 

medicinal plant actively collected by local people. For this reason, the species abundance is decreasing 
rapidly. Under climate warming and highland vegetation belt afforestation, this species is expected to be 
deprived of its ecological niche, fall into En and then Ex category.

26. Saussurea glacialis Herd. 
This peculiar species grows on taluses covered by rock debris (ca. 3100 m a.s.l.) in the alpine belt. 

This species, which is very rarely found in ASE, occurs here at its northern range boundary. The species 
is expected to be extinguished as a result of the highland-alpine vegetation belt afforestation projected 
under climate warming. 

27. Saussurea orgaadayi V. Khan. et Krasnob.
This endemic of eastern and Mongolian Altai growing on Chikhachev and Shapshal Ridges (2500–

3000 m a.s.l.) in the alpine vegetation belt is included as a vulnerable species, in the Altai and Tyva Red 
Data Books. This is a V species due to its narrow ecological niche and  wide use in folk medicine. The 
species is predicted to suffer from the highland vegetation belt afforestation projected under climate 
warming.   

28. Tulipa uniflora (L.) Bess. Ex Baker. 
This tulip species occurs on rocks and stony slopes in the steppe and subalpine vegetation belts. This 

is a non-abundant and vulnerable species, as it is actively collected for its esthetic value and its habitats 
are often heavily disturbed by grazing cattle. Under climate warming, this species will suffer because of 
the decreasing subalpine belt and increasing anthropogenic stress, which will be experienced by steppe 
vegetation.

red Data Book of republic of tyva (1999)

29 Aconitum krasnoboroffii Kadota    
This is a Tyva endemic found in western Tanu-Ol and on Sagly Mt. (2000–2400 m a.s.l.), in the 

alpine vegetation belt. An increase in climate aridity predicted for southern ASE is expected to move this 
species from V category to En category. 

30. Aconitum sajanense Kumin. 
This western Sayan endemic grows in subalpine tall grass-dominated meadows and occurs sparsely 

in dwarf birch- and moss-dominated tundra areas (1400–2013 m as.l.). The species populations were 
recorded to have decreased. Under climate warming and afforestation of highland vegetation belts, the 
species habitats in Altai will decrease in number to move to the species En category. 

31. Aphragmus involucratus (Bunge) O.E. Schult.
This is a vulnerable narrow-niche Altai-Tyva endemic growing along streams in Mongun-Taiga 

highlands. Under increasing southern ASE climate aridity, this species is expected to become extinct or 
endangered. 

32. Cardamine trifida (Poir.) B.M.G. Jones.  
In Tyva, this is a relict species occurring at the southern boundary of its range. A decreasing population 

of this species is found in mixed larch/spruce forests growing in the valleys of Tanu-Ol Ridge. Predicted 
climate warming-induced vegetation cover changes will result in a drastic climate aridity increase in 
this region and, hence, in reduction or, probably, even extinction of forest areas including this species 
habitats. 

33. Saussurea dorogostaiskii Palib. emrnd. Krasnob. et V. Khen.
This Sayan-northern Mongolian endemic grows in the alpine vegetation belt. The species’ narrow 

ecological niche and medicinal value account for its vulnerability. Predicted southern ASE highland 
afforestation and increasing climate aridity will reduce the amount of habitats now supporting this 
species and, as a result, it will fall into En category here and into Ex category in the north, in Kuznetsk 
Alatau. 
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34. Stevenia sergievskajae (Krasnov.) Kamelin at Gubanov  
This Sangilen upland endemic grows in the subalpine vegetation belt on limestone and marble taluses 

of south-facing slopes. The species populations are decreasing in number and will probably disappear 
under a predicted increase in the regional climate aridity.            

Book of Khakasian rare and Endangered Plant species (1999)

35. Aconitum pascoi Worosch. 
This vulnerable ASE endemic growing in subalpine and alpine meadows is likely to be extinguished 

from its current habitats and fully disappear under predicted climate warming-induced afforestation of 
the highland vegetation belts.

36. Adenophora golubinzevaeana Reverd.
This vulnerable species growing in subalpine meadows and highland brake is an endemic of Kuznetsk 

Alatau and Abakan Ridge. Climate warming and highland vegetation belt afforestation are predicted to 
reduce the species habitats and, hence, make it an endangered species.

37. Allium victorialis L. – Victory onion, Ramson 
Like the above species, long-rooted onion grows in both highland and forest vegetation belts. This is 

a vulnerable species, as the local population uses it for food. Under climate warming, this species will be 
extinguished from the highlands and projected conversion of lower forested areas into steppe will result 
in the species being assigned to En category.  

38. Dasystephan septemfida (Pall.) Zuev. 
This vulnerable Khakasian species common in subalpine and alpine meadows, less common in 

open larch stands, Siberian pine stands, and Siberian pine and larch open woodlands, is decreasing. 
Under climate warming-caused extinction of the highland vegetation belts on western Sayan ridges, 
this V species is predicted to fall into En category (Red Data Book of Republic of Khakasia, 2002).  

39. Erythronium sibiricum (Fisch. et Mey.) Kryl.
Although this species is currently common in both highland and forest vegetation belts, it is 

considered as vulnerable, because it is collected for its beauty in habitats accessible to local people. 
Under the climate change scenarios of interest, this species will be extinguished from the highlands 
and the invasion of the lower forest belt  by the steppe will reduce the number of the species habitats 
in the forest. With this trend, this V-category species is likely to become endangered.

40. Rhodiola rosea L. – Rosewort
This species growing along rivers and creeks of the subalpine and alpine vegetation belts is a valuable 

medicinal plant actively collected by local people. For this reason, the species abundance is decreasing 
rapidly. Under climate warming and highland vegetation belt afforestation, this species is expected to be 
deprived of its ecological niche, fall into En and then Ex category.

41. Rhaponticum carthamoides (Willd.) Iljin. – Maral root
Maral root grows in the subalpine vegetation belt, being less abundant the alpine belt, (1400–2000 m 

a.s.l.). This is a vulnerable species, because its range is decreasing due to intensive collection for medical 
and industrial purposes. As a result of the upper tree line shift upward and into the subalpine belt, maral 
root range is expected to drastically decrease and the species will fall into En category.

42. Vicatia atrosanguinea (Kar. et Kir.) P.K. Muk. et Pimenov  
This mesophytic species grows along streams in the subalpine vegetation belt, at the upper tree line, 

in western Sayan. In Khakasia, this species is vulnerable (Red Data Book of Republic of Khakasia,2002). 

red Data Book of Kemerovo region (2000)

43. Aconitum biflorum Fischer. Ex DC. 
This psychrophyte grows mainly in subalpine, alpine meadows, forest glades, and, occasionally, on 

rock debris. This is considered to be a vulnerable species, since current climatic conditions conflict with 
its ecological requirements. Under climate warming and afforestation of highland vegetation belts, the 
species habitats will markedly decrease in total area and, as a result, the species will fall into En category. 

44. Aconitum pascoi Worosch.  
This vulnerable ASE endemic growing in subalpine and alpine meadows is likely to be extinguished 

from its current habitats and fully disappear under predicted climate warming-induced afforestation of 
the highland vegetation belts.

45. Ephedra distachya L.
This xerophite occurring on calcerous soils in highland and steppe vegetation belts is a vulnerable 

species due to its low germinating capability and narrow ecological niche. This species will be 
extinguished from highlands under climate warming-induced highland afforestation. Although 
predicted steppe migration into current lower forest belts and an increase in the xerophytic plant 
component of steppe vegetation species will potentially favor this ephedra species, the species’ low 
germinating capability is likely to hamper its distribution process, provided that vegetation conversion 
occurs very rapidly. In this case, ephedra will fail to compete with invader-plants and will move from 
V to En category. 

46. Gentiana septemfida Pall. 
This species is a mesophyte growing in fairly open larch stands, Siberian pine and larch open woodlands, 

and subalpine meadows. Predicted climate warming-induced general forested area reduction will lead to 
decreasing the species habitats and, as a result, the species will move from V category to En category.

47. Inula helenium L.     
This species occupying moist habitat along rivers, around lakes, and in tall grass meadows is considered 

as a vulnerable plant due to the conflict between its biological characteristics and habitat conditions. 
Predicted steppe migration into current lower forest belts will potentially aggravate the situation and 
result in decreasing populations. 

48. Rheum altaicum Losinsk. 
This psychro-petrophyte is found on stony, rock debris-covered slopes, on limestone soil. In 

highlands, the species reaches an elevation of 2400 m a.s.l. Under predicted climate warming-induced 
highland afforestation, habitats supporting this species and, hence, the species populations will decrease 
in number. As a result, this V-category species is likely to fall into En category.

49. Rhodiola rosea L. – Rosewort
This species growing along rivers and creeks of the subalpine and alpine vegetation belts is a valuable 

medicinal plant actively collected by local people. For this reason, the species abundance is decreasing 
rapidly. Under climate warming and highland vegetation belt afforestation, this species is expected to be 
deprived of its ecological niche, fall into En and then Ex category.

50. Veronica densiflora Ledeb. 
This psychrophite found in subalpine and alpine meadows, along streams, in lichen tundra, and larch 

open woodlands is vulnerable due to its narrow ecological niche. Under predicted climate warming-
induced highland afforestation, this species will loose most of its current habitats and, as a result, will 
move from V to En category.

51. Zigadenus sibiricus (L.) A. Gray. 
 This mesophytic calciphilous species grows in Scots pine, larch stands, and highlands. This is a 

V-category plant due to its low germinating capability, seed production, and number of populations. 
Predicted climate warming-induced vegetation changes will result in extinction of the species’ highland 
and forested habitats and, hence, the species will become endangered. 

52. Asplenium ruta-muraria L.
This mesophite grows on rocks and stone outcrops in dark-needled stands of the forest, and subalpine 

vegetation belts. Its narrow ecological amplitude makes this species vulnerable. Predicted climate 
warming will extinguish habitats supporting this species from highlands. 

53. Polystichum lonchitis (L.) Roth. 
This mesopetrophyte grows on rocks and stone outcrops in shady stands of the forest, subalpine, 

and subalpine vegetation belts. Current climatic conditions conflicting with the species biological 
characteristics make it a vulnerable species. Predicted climate warming will extinguish habitats 
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supporting this species from highlands and the lower parts of the mountain forest vegetation belt, as 
these latter habitats will become insufficiently humid for this fern. 

asE rare plant species, which will potentially be fully eliminated or endangered under 
predicted global climate warming

Given the climate warming-induced ASE vegetation cover changes as simulated by our models, numerous 
rare plant species limited to highland vegetation belts will potentially become highly endangered or even 
disappear completely. Certain rare forest plant species found in southern ASE will most likely occur in a 
similar situation. Table 5.1 presents predictions for each rare species growing in Altai, Kemerovo Region, 
Republics of Altai, Tyva, and Khakasia based on each species current status and predicted changes of a 
given species habitat area in each of the above administrative regions. 

Table 5.1 

ASE rare plant species, which will potentially be fully eliminated or endangered

№ rare plant species species habitats and occurrence in administrative regions

1 Achillea schmakovii a. 
Kuprijanov

Subalpine	meadows.	Narrow	ecological	niche.	Altai	Territory

2 Aconitum biflorum Fisch. Ex DC. Subalpine	 vegetation	belt	 and	 lower	 alpine	belt	 (1530-2650	m	a.s.l.),	moss	and	 shrub	
tundra,	 alpine	 meadows,	 stone	 outcrops.	 ASE	 endemic.	 Republics	 of	 Altai,	 Tyva,	
Khakasia,	and	Kemerovo	Region

3 Aconitum pascoi Worosch. Subalpine	meadows,	open	woodlands	with	herbaceous	ground	vegetation,	 rock	debris	
(1400–2700	m	a.s.l.).	In	Khakasia	and	Kemerovo	Region,	the	species	will	disappear	due	
to	highland	vegetation	belt	extinction,	while	it	will	fall	into En category	in	Republic	of	Altai.	
Kemerovo	Region,	Republics	of	Altai,	Khakasia,	and	Tyva.	

4 Adenophora golubinzeviana 
Reverd.

A	mesopsychrophytic	ASE	endemic	found	in	meadows	and	shrub	thickets	of	the	subalpine	
belt.	The	species	distribution	is	limited	due	to	its	narrow	ecological	amplitude.	Republic	of	
Khakasia	and	Kemerovo	Region.	

5 Allium altaicum Pallas Stony	slopes	and	the	subalpine	belt;	also	found	in	the	forest	and	steppe	belts.	Republics	
of	Altai	and	Tyva

6 Allium tytthocephalum Schult.	et	
Schult.	f.

Stony	slopes	and	river-side	shingle	beds	in	the	highlands.	This	is	ASE	endemic.	Republics	
of	Khakasia	and	Altai

7 Aquilegia borodinii Schischk This	ASE	endemic	grows	on	highland	stone	outcrops	and	rocks.	Republic	of	Khakasia

8 Arctous alpina (L.)	Niedenzu This	 Arctic-alpine	 plant	 prefering	 silica	 rock	 and	 humid	 climate	 grows	 in	 shrub/lichen	
rock-debris	 tundra	 of	 the	 subalpine	 vegetation	 belt.	 In	 Kemerovo	 Region,	 the	 species	
distribution	is	limited	due	to	its	narrow	ecological	amplitude.	Kemerovo	Region

9 Arnica Jljinii (Maquire)	Jljin. Subalpine	woodland	meadows	and	stony,	lichen-dominated	tundra.	Republic	of	Altai

10 Astragalus pseudoaustralis 
Fisch.	et	Mey.

Stony,	lichen-dominated	tundra	and	dwarf	birch	stands	of	the	subalpine	and	alpine	belts.	
Republics	of	Khakasia	and	Altai

11 Astragalus saralensis Gontsch. Subalpine,	alpine	meadows,	and	tundra	vegetation	communities	in	Kuznetsk	Alatau.	
Endemic	to	southern	Siberian	mountains.	Republic	of	Khakasia

12 Astragalus tschuensis Bunge Rock-debris	slopes	of	the	alpine	vegetation	belt.	Republic	of	Altai

13 bupleurum Martjanovii Kryl. Discontinuous-vegetation-cover	sites	in	the	forest	and	tundra	belts	(1200–2100	m	a.s.l.).	
An	endemic	of	southern	Siberia.	Republic	of	Tyva

14 carex williamsii Britt. A	rare	psychrophite	growing	in	a	relict	habitat	remained	since	ice	age	in	Tyva	moss	tundra.	
Republic	of	Tyva

№ rare plant species species habitats and occurrence in administrative regions

15 callianthemum sajanense 
(Regel.)	Witasek

A	psychrophyte	growing	in	alpine	meadows,	highland	moss	tundra,	and	on	rocks.	This	
species	 rarely	 found	 in	 Kemerovo	 Region	 is	 of	 limitied	 distribution	 due	 to	 its	 narrow	
ecological	amplitude.	Kemerovo	Region	and	Altai	Territory

16 cortusa altaica Losinsk. A	psychrophyte	growing	on	moist	shady	rocks,	alpine	meadows,	along	mountain	streams.	
This	species	rarely	found	in	Kemerovo	Region	is	of	limitied	distribution	due	to	its	narrow	
ecological	amplitude.	Kemerovo	Region	

17 delphinium ukokense Serg. Found	on	alpine	moraines	and	large-sized	rock	debris	(kurums).		Republic	of	Altai

18 delphinium barlykense 
Lomonosova	et	V.Khan

This	cryophyte	is	found	on	shingle	beds	and	among	boulders	at	2000–2100	m	a.s.l.	This	
is	an	endemic	of	Tsagan-Shibetu	Ridge.	Republic	of	Tyva

19 Fritillaria dagana Turcz. Ex Trauty This	 southern	 Siberian	 mountain	 endemic	 is	 found	 in	 subalpine	 meadows,	 larch,	 and	
mixed	larch/Siberian	pine	open	woodlands.	Republic	of	Tyva	

20 Gastrolychis tristis (Bunge)	Czer. Alpine	 and	 subalpine	 meadows,	 stony	 slopes,	 and	 stream	 banks	 in	 highlands.	 Altai	
Territory

21 Gentiana fischeri P.Smirn. Subalpine	meadows	and	rock-debris	slopes	in	highlands.	Altai	Territory

22 Gentiana grandoflora Laxm. Alpine	meadows	and	highland	tundra.	Altai	Territory	(Fig.	5.3)

23 Gentiana uniflora Georgi. Meadows	and	rock-debris	slopes	in	highlands,	lichen/moss	tundra.	Altai	Territory

24 Hedisarum neglectum Ledeb. Alpine,	subalpine,	forest	meadows,	stony	and	meadow-covered	slopes.	Altai	Territory

25 Hedysarum theinum Krasnob. Alpine	and	subalpine	meadows,	Siberian	pine	open	woodlands,	moraines.	Republic	of	
Altai

26 Lathyrus frolovii Rupr. This	mesophyte	growing	 in	 the	mountain	 forest	belt	also	occurs	 in	highlands,	 is	 rarely	
found	in	forest	and	subalpine	meadows.	In	Kemerovo	Region,	the	species	is	endangered	
by	economic	activities.	Kemerovo	Region

27 Leontopodium ochroleucum 
Beuw.	subsp.	campestre	(Ledeb.)	
V.Khan.

In	Kemerovo	Region,	this	steppe	xerophyte	growing	on	stony	and	rock-debris	slopes	is	
endangered	due	to	habitat	conflict	with	the	species’	biological	characteristics.	Kemerovo	
Region

28 Mertensia davurica (Pallas Ex 
Sims)

Alpine,	subalpine	meadows,	forested	slopes.	This	discontinuous-range	species	has	low	
seed	production.

29	 oxytropis nivea Bunge Alpine	meadows,	shingle	beds,	Kobresia –	dominated	tundra.	Republic	of	Altai

30 oxytropis alpestris Schischk Rock	debris-covered	slopes,	shingle	beds,	larch	open	woodlands	of	the	upper	forest	
belt.	Republic	of	Altai

31 oxytropis physocarpa ledeb. Southeastern	Altai	endemic.	Rock	debris-covered	slopes	(2100–2500	m	a.s.l.)	of	the	
alpine	vegetation	belt.	Republics	of	Altai	and	Tyva

32 oxytopis saposchnikovii Krul. Shingle	beds,	stony	slopes,	moraines,	and	rock-debris	tundra.	Republic	of	Altai

33 oxytropis tschujae Bunge This	ASE	endemic	is	found	in	highlands	–	on	rocks,	stony	slopes,	and	in	tundra.	Republics	
of	Tyva	and	Khakasia

34 packera heterophylla (Fisch.)	
E.Wiebe

Lichen/moss,	dryad,	rock-debris	tundra,	alpine	meadows.	Republic	of	Khakasia

35 papaver croceum Ledeb. Stony	slopes,	taluses,	tundra	of	the	alpine	vegetation	belt.	Altai	Territory

36 paraquilegia anemonoides 
(Willd.)	ULBR.

The	alpine	vevetation	belt	rock	cavities.	Altai	Territory

37 patrinia sibirica (L.)	Juss. A	petrophyte	growing	on	rocks	and	in	stony	lichen/moss	tundra	of	the	highland	belt.	 In	
Kemerovo	Region,	the	species	distribution	is	limited	due	to	its	narrow	ecological	amplitude.	
Kemerovo	Region	(Fig.	5.4)
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№ rare plant species species habitats and occurrence in administrative regions

38 pedicularis amoena Adam. Ex 
Stev.

Grass	sod-covered	stony	slopes,	 rocks,	 rock	debris-covered	 taluses,	 river-side	shingle	
beds,	tundra	vegetation	communities.	This	is	a	steppe	ice	age	relict.	Republic	of	Khakasia	
(Fig.	5.5)

39 pedicularis tristis L. A	psychrophyte	growing	in	subalpine	and	alpine	meadows,	along	streams,	in	larch	open	
woodlands.	Kemerovo	Region

40 peonia anomala	L. Fairly	open	dark-needled	and	mixed	stands,	forest	edges	and	glades,	subalpine	meadows,	
river	valleys,	burns,	and	logged	sites.	Altai	Territory	(Fig.	5.6)

41 polemonium pulchellum Bunge Highland	 vegetation	 belt.	 No	 information	 is	 available	 on	 the	 species	 current	 status.	
Republic	of	Khakasia.

42 potentilla Kryloviana Th.Wolf. Stony	tundra,	rock	debris-covered	slopes.	Republic	of	Altai

43 primula algida Adams. Alpine	meadows.	Republic	of	Altai

44 pulsatilla campanella Fisch. Ex 
Regelet 

Stony	slopes	of	the	alpine	vegetation	belt.	Republic	of	Altai

45 pyrethrum alatavicum (herd.)o. 
et B.Fedtsch.

Alpine	meadows,	stream	vicinities,	and	large-sized	rock	debris	(kurumniks)	in	the	alpine	
vegetation	belt.	The	species	is	considered	as	vulnerable	at	the	northeastern	boundary	of	
its	range.	Kemerovo	Region

46 pyrethrum pulchellum Turcz. Ex 
DC.

Stony	and	rock	debris-covered	slopes,	golets,	nival	meadows.	Kuznetsk	Alatau.	Kemerovo	
Region

47 ranunculus pulchellus C.A.	Mey. Wet	Solonetz	and	subalpine	meadows.	Republic	of	Khakasia

48 rhododendron aureum Georgi. This	mesopsychrophyte	grows	in	the	subalpine	mountain	belt,	the	upper	forest	belt,	and,	
in	 less	amounts,	 in	 the	 lower	alpine	belt.	The	species	distrubution	 is	 limited	due	 to	 its	
narrow	ecological	amplitude.	Kemerovo	Region	(Fig.	5.7)

49 rosa oxyacantha Bieb. Rocks	and	large-sized	rock	debris	(kurumniks)	in	the	subalpine	vegetation	belt.	Republic	
of	Altai

50 rhaponticum orientale (Serg.)	
Peschkova

Highland	alpine	meadows	and	forest	glades,	in	Siberian	pine	open	woodlands.	This	is	a	
medicinally	valuable	plant.		Kemerovo	Region

51 rhaponticum carthamoides 
(Willd.) Iljin

This	 valuable	 species	 actively	 collected	 by	 locals	 grows	 on	 subalpine	 meadows	 and	
highland	forest	glades.	Altai,	Kemerovo	Regions	and	Republic	of	Altai

52 rhodiola algida	(Ledeb.)	Fisch.	et	
C.A.	Mey

This	Altai	Territory	endemic	grows	in	the	alpine	vegetation	belt	and	expands,	along	river	
valleys,	down	and	into	the	subalpine	and	forest	belts	(down	to	1500	m	a.s.l.).	Republic	
of	Altai

53 rhodiola quadrifida (Pallas)	
Fisch.	et	Mey

Large-sized	rock	debris-covered	sites,	rocks,	taluses	(1800–3200	m	a.s.l.).	The	species	is	
also	found,	in	less	amounts,	in	lichen/moss	tundra	in	the	vicinity	of	glaciers	and	snowfields.	
Republic	of	Altai	(Fig.	5.8)

54 rhodiola coccinea (Royle)	Boriss Highland	rocks	covered	by	 large-sized	stones,	stony	stream	banks,	shingle	beds	(over	
2300	m	a.s.l.),	in	rock	debris-covered	lichen,	and	dwarf	birch	tundra.	Republic	of	Altai

55 rhodiola rosea L. About	20	populations	of	this	species	are	found	along	streams	in	the	alpine	and	subalpine	
belts.	Altai	Territory	(Fig.	5.9)

56 rhodiola subpinnata (Krasnob.)	
Krasnob.

The	 subalpine	 vegetation	 belt	 and	 stream	 bank,	 meadows,	 and	 shrub	 thickets	 on	 the	
upper	forest	belt.	Republic	of	Khakasia.	

57 Saussurea baicalensis (Adams)	
Robins.

A	single	population	of	this	ASE	endemic	containing	not	more	than	50	individuals	is	found	
on	stony	and	rock	debris-covered	slopes	in	the	alpine	vegetation	belt.	Altai	Territory

58 Saussurea glacialis Herd. This	cryophyte	grows	on	stone	taluses	in	highlands.	Republics	of	Altai	and	Tyva

№ rare plant species species habitats and occurrence in administrative regions

59 Saussurea foliosa Ledeb. Tall	grass	meadows	on	Bobrovaya	Mt.	east-facing	slope	in	Kuznetsk	Alatau	State	Nature	
Reserve.	This	 is	where	the	western	boundary	of	the	species	range	occurs.	Republic	of	
Khakasia

60 Saussurea frolovii Ledeb. This	narrow-ecological-niche	psychrophyte	grows	on	alpine,	subalpine	meadows,	and	is	
also	found	in	tundra	of	Kuznetsk	Alatau.		Kemerovo	Region

61 Saussurea schanginiana (Wydl.)	
Fischer Ex Herd.

Dry	stony	slopes,	rock	debris-covered,	and	dryad	tundra	of	the	highland	belt.	Republic	of	
Khakasia

62 Shibateranthis sibirica (DC.)	
Nakai

This	relict	species	of	Tertiary	broad-leaved	forests	grows	in	highland	forests	with	grass	
as	 ground	 vegetation,	 stands	 found	 along	 streams,	 in	 snowfield	 vicinities.	 Republic	 of	
Khakasia

63 Stellaria martjanovii Kryl. South-facing	rock	debris-covered	slopes	of	the	subalpine	vegetation	belt.	Republic	of	Altai

64 taphrospermum altaicum 
C.A.Mey

Alpine	glades	and	shingle	beds	(2200–2700	m	a.s.l.).	Republic	of	Tyva

65 tulipa uniflora (L.) Bess.		
Ex	Baker

Rocks	and	stony	slopes	in	the	steppe	and	subalpine	vegetation	belts.	Republic	of	Altai

66 veronica sajanensis	Printz. This	 Sayan	 endemic	 grows	 in	 tall	 grass	 meadows	 and	 mixed	 Siberian	 pine/fir	 open	
woodlands,	with	tall	grasses	as	ground	vegetation,	of	the	subalpine	belt.	Republic	of	Tyva		

67 viola dactyloides Schult. A	single	location	of	this	species,	in	a	fairly	open	birch	forest,	is	known.	The	species	range’s	
western	boundary	occurs	in	Khakasia	and	Krasnoyarsk	Territory.	Republics	of	Tyva	and	
Khakasia

68 viola disjunkta W.Beck This	ASE	endemic	is	found	in	the	mountain	meadows	of	the	forest	and	highland	vegetation	
belts.		Republic	of	Khakasia

69 viola Fischeri W.	Becker. Low-grass	subalpine	meadows.	Altai	Territory

70 viola tigirekica VL.	Nikit. This	 western	 Sayan	 narrow-niche	 endemic	 is	 found	 in	 low-grass	 subalpine	 meadows.	
Altai	Territory

71 Asplenium viride	Huds. Rocks	of	the	upper	forest	belt	in	highlands.	Altai	Territory	and	Republic	of	Khakasia

72 Lycopodium appressum (Desv.)	
V.Petrov.

Lichen/moss	 tundra	 and	 rock	 debris	 outcrops	 of	 the	 subalpine	 and	 golets	 belts.	 Altai	
Territory

73 botrychium lunaria (L.)Sw. This	mesophyte	occurs	 in	dry	meadows,	 forest	edges,	 fairly	open	mixed	forest	stands,	
subalpine	small-grass	meadows,	and	tundra.	Kemerovo	Region	(Fig.	5.10)

74 Anomodon rugelii (C.Muell.)	
Keissl.

This	narrow-ecological-amplitude	species	occurs	on	surfaces	of	stones	found	in	subalpine	
meadows	of	the	subalpine	belt.	Kemerovo	Region

Possible approaches to ASE SPNA-specific vegetation diversity conservation can be analyzed in more 
detail only with an account of the location of, the above predictions for, and detail descriptions of the key 
botanical areas (KBA) (Key Botanical, 2009) adjacent to each protected nature area. 
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Fig. 5.3. Alpine Gentian Gentiana grandoflora is a rare species listed in the Red Data Book of the Altai Territory. 
It inhabits alpine meadows and tundra and may disappear due to warming and shrinking of the alpine belt

Fig. 5.4. Patrinia sibirica (Japanese common name is chishima kin-rei ka; meaning: Kuril Islands golden bells 
flower) is a rare species with limited ecological amplitude listed in the Red Data Book of the Kemerovo Region. 
Due to the climate warming followed by afforestation processes in the alpine belt, this species may disappear 
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Fig. 5.5. Lousewort Pedicularis amoena is a glacial relic listed in the Red Data Book of 
Khakasia. The expected decrease in area of highland tundra would push this species to the 
brink of extinction

Fig. 5.6. Chinese peony Peonia anomala is presently listed as a rare species in the Red Data Book of the Altai 
Territory. Under the global warming conditions, the species may be caused to pass into the critically endangered 
(Ex) status.
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Fig. 5.7. Rosebay Rhododendron aureum is presently listed as a rare species in the Red Data Book of the 
Kemerovo Region. It is found in the subalpine and upper forest belts. The global warming may force this 
species to the verge of extinction.

Fig. 5.8. Rhodiola quadrifi da is a rare Altai high-altitude species.
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Fig. 5.9. Golden Root (other names: Rosewort, Roseroot, Aaron's Rod, Arctic Root) Rhodiola rosea is currently 
widely distributed in the Altai high-altitude areas but due to the intensive collection of its roots by local people 
it is considered a vulnerable species in the Republic of Altai and a rare species in the Altai Territory. Under the 
conditions of climate warming, this species is expected to be deprived of its ecological niche and pass into the 
critically endangered (Ex) category.

Fig. 5.10. Common moonwort Botrychium lunaria is listed as a rare species in the Red Data Book of the 
Kemerovo Region. As the alpine belt in the Kuznetsk Alatau Mountains is expected to be replaced by forest, the 
species may pass into the critically endangered (Ex) status.
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5.2. WatEr rEsoUrCEs
v.a. semenov

5.2.1.  Comparative rating of water body types by their vulnerability to climate 
change and impact on local population and economy

The materials presented above in subsection 3.2 indicate that water bodies can be rated by their 
vulnerability to climate change as follows. 

Snow patches and glaciers of current mountain glaciation are most vulnerable; they are exposed to 
the prevailing degradation process caused by an increase in air temperature and a reduction in  solid 
precipitation. The degradation of large glaciers is accompanied by their breakup into smaller glaciers that 
are more resistant to climate change. 

Small enclosed and low-draining lakes and wetland ecosystems in intermountain basins located in 
low and middle mountains are more vulnerable to water quality change and ecological deterioration. This 
is because  their water and salt balance is the most affected by changes in air temperature and increases 
in annual precipitation. Glacial lakes in the glacial-nival belt are mainly at an oligotrophic development 
stage while lakes on high mountain plateaus as well as in middle and low mountains are mostly at a 
mezotrophic development stage with intense paludification facilitated by air temperature increase and 
vegetation period extension. 

Rivers with flows formed within a zone whose water regime is most exposed to climate change are 
characterized by increased frequency of extreme water content values which in turn have an adverse 
impact on the human population.

Rivers which flow across altitudinal zones, including glacial areas, are most exposed to frequent 
floods  during the snow melt but are less vulnerable to drought  during the summer. When the glacial 
water supply is reduced, in particular after glaciers retreat from their watershed area, the hydrological 
regime of these rivers changes significantly.

Considering the fact that in the mountain regions, the degree of variation of the key climatic factor 
(near surface air temperature) is proportional to terrain elevation (the higher the elevation is, the higher 
the temperature), we can expect the highest vulnerability in the  specially protected nature areas of the 
increase in alpine regions (Katunsky and Ubsunorskaya Kotlovina Biosphere Reserves and Zona Pokoya 
Ukok Nature Park). In the Katunsky Biosphere Reserve, glaciers have already declined, with notable 
change in ice volume and glacier retreating, small (corrie) glaciers vanishing and large valley glaciers 
breaking-up into smaller ones. Increase of river water turbidity is observed when moraines are washed 
away; water in glacial lakes has changed its thermal regime, chemical composition and its quality for 
fisheries; the probability of high floods, riverbed deformation, mudflow and landslides has increased, 
in particularly on non-forested slopes. If climate change is sustained (air temperature increase, storm 
precipitation) these adverse hydrologic conditions will continue and could even intensify. 

In the Ubsunorskaya Kotlovina Biosphere Reserve and the Zona Pokoya Ukok Nature Park, the 
activation of the frost-thawing processes in the permafrost zone with its subsequent impact on the flora 
and fauna should be added to the above-mentioned changes. 

In the state nature reserves (‘zapovedniki’) of Azas, Altaisky, Tigireksky, Kuznetsky Alatau, Sayano-
Shushensky, and Stolby and in the Shorsky National Park, the air temperature increase in the spring 
period will intensify the snow melt and river flooding and  activate river bed evolution, while storms and 
sustained heavy rainfall in the summer-fall period could cause severe flooding, landslides and mudflows. 
During the dry months, there is a high possibility that water bodies and rivers may dry up without ground 
water inflow, which in turn will have a negative impact on the aquatic fauna and regional landscape. In 
case of decreased snowfall and snowdrifts resulting from further increases in air temperature in the 
Kuznetsky Alatau Nature Reserve, it is possible that glaciers will decrease in number or vanish completely. 

Further air temperature increases will facilitate eutrophication processes in lakes and their overgrowing 
with vegetation, in particular in the nature reserves located in the Tuvinskaya and Minusinskaya Basins 
(the Azas, Khakassky and Sayano-Shushenskiy State Nature Reserves (Zapovedniki)).

Increased frequency of high floods and extreme low water periods is the major consequence of climate 
change that hampers economic activity and causes population migration. Riverbed deformations arising 
from floods and expanding flooded areas in the floodplains pose a threat to human settlements. They also 
impact agricultural and forest areas in mountainous and foothill regions,  especially in large rivers valleys.

5.2.2. Predicted changes in water resources and hydrological regime of rivers
Assessments of potential climate change till 2035 presented in the respective section of this report and 
in its authors’ publications (Gruza, Rankova, 2009) indicate that the meteorological factors responsible 
for river flow formation and water budget (increase of air temperature in summer period with stable 
precipitation amount or its potential decrease in winter period) will be unfavorable for water resources 
and river hydrological regimes, and will negatively impact glacier survival. Under such climate change 
circumstances, instances of extreme flooding increase during snow melts and increased simultaneous 
inundation could persist. Even more probable is the increase in frequency and duration of extreme low 
water levels in the rivers, a fall in lake water levels, water temperature increase and as a consequence, 
facilitation of the eutrophication processes, changing ecological conditions in aquatic and related 
ecosystems. 

In Section 2 we noted that currently, the most promising predictive climate modeling technique uses 
the respective atmospheric and oceanic general circulation models (AOGCM). A specific feature of such 
models is their inability to simulate climatic variables realistically for time intervals less than 20 years. 
This is due to the extremely high fluctuation of resulting characteristics for certain years, not to mention 
their disregard to natural cyclical fluctuations (Assessment Report, V. 1, 2008). Relatively satisfactory 
results are obtained in averaging for 20–30 years and more. Therefore material differences are observed 
in climate forecasts at a regional level even if they are prepared within the same greenhouse gas emission 
scenario.  

The paper (Semenov, et al., 2010) presents results of calculating annual and seasonal flows in the Ob 
Basin for two climate change scenarios under several models during 2011–2030. Calculations indicate a 
stable increase in annual (Fig. 5.11, a) and winter flows in the Altai and West Sayan Mountains. Estimates 
of annual flow fluctuations with the assembly of 9 AOGCM for the Yenisei Basin for 2011–2040, using 
model forecasts for air temperature and precipitation variations also indicate  a potentially insignificant 
increase of annual flow in the rivers of East Sayan (Fig. 5.11, b).  Due to the fact that these fluctuations 
are insignificant for annual runoff (within the range of -2 to +7%, i.e. within the limits of measurement 
error), we can conclude that in the near 20–30 years, no significant variation in water resource volume 
will take place in the region in question. 

Results of similar studies carried out by the RAS Institute of Water Problems indicate that in the 
middle and the end of 21st century we can expect annual runoff reduction in most of the rivers in the 
southern regions of Russia (Dobrovolsky, 2007).

Based on predicted changes in precipitation, temperatures and total annual and groundwater runoff 
fluctuations, we can give only qualitative assessments of future runoff volume, dangerous floods and low 
water level trends in rivers. For this purpose, an analogy with expected annual river runoff fluctuations 
is used as a basis. However, the fluctuation trends described above for high flooding on the rivers of the 
Altai-Sayan mountain system indicate that the annual and seasonal runoff reduction will probably not 
be accompanied by similar extreme trends in river runoff; it can also be expected that the possibility of 
dangerous flooding will persist and even increase, in particular on the rivers which form simultaneous 
flood runoffs in several altitudinal zones under the spring snowmelt period contraction. The frequency of 
high rainfall floods and mudflows in mountains can also increase. They will be facilitated by the continuing 
degradation of mountain glaciation with moraine deposits clearing from ice and snow (additional areas 
of fast snow melt and rainfall water passage and material for mudflows) and the increased frequency and 
intensity of rainfall precipitation and its altitudinal distribution under air temperature increase. It is also 
probable that the frequency and intensity of extreme low water periods will increase under condition of 
increasing duration of dry periods.

5. Assessment of Terrestrial Ecosystem and Water Resource Vulnerability to Climate Change
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5.2.3.  Water-related dangerous events caused by climate change and their 
impact on the local population and economy

Heavy snowstorms and rainfalls causing severe flooding are the most dangerous weather events 
resulting from climate change related to the hydrological processes in the region. These events when 
they cause damage are registered and accumulated in the database of the All Russian Research Institute 
of Hydrometeorological Information – World Data Center (RRIHI-WDC).

Comparison of total precipitation during dangerous snowfalls in 2000–2008 vs. 1991–1999 and 
testing for linear fluctuation trends indicated that the highest increase of dangerous snowfalls in Russia 
took place in the Siberian Federal District where total precipitation during such snowfalls increased 
dramatically (by a factor of ten). It is also typical of the Siberian region, especially during the second half 
of the period under consideration, that severe snowfalls causing damages covered larger areas, often the 
whole southern part of Western Siberia. Studies undertaken (Golubev et al., 2009) established that under 
increased wind impact, the average density of snow cover could reach 300–400 kg/m3 by the end of 
winter; wind crusts are formed dividing the snow mass into horizons with various density. Solidification 
and increase of snow cover layers is also facilitated by thaws observed during periods of heavy snowfalls. 

Comparison of precipitation frequency and amount during severe snowfall with flood frequency 
during snowmelt flooding and their impact on rivers indicates that they mainly coincide, in particular 
during the last decade of the period in question. Correlation between snowfall intensity and high flood 
frequency in mountain rivers could  be explained by the fact that heavy snowfalls are usually accompanied 
by snow drifts, packing and thaws, thus accelerating snowmelt. 

Analysis of materials obtained in river basins in the southern part of Siberia indicates that the 
most pronounced correlation between dangerous floods with dangerous snowfalls exists in the Altai 
and Altai-Sayan parts of the Upper Ob Basin (the Republic of Altai, Altai Territory, Kemerovo Region). 

This correlation is less pronounced in the southern, East Sayan part of Yenisei Basin (the Republics of 
Tyva and Khakasia) and is completely absent in the left-bank part of the Angara Basin (Irkutsk Region), 
where liquid precipitation plays an increased role in forming maximum water discharge and therefore, 
dangerous floods on  rivers (Table 5.2). 

Table 5.2

Atmospheric precipitation during dangerous snowfalls (mm, numerator) and duration of floods 
during snow melt flooding (days, denominator) on the rivers in Upper Ob and Upper Yenisei 

basins in 2001–2007

region 2001 2002 2003 2004 2005 2006 2007

Republic	of	Altai 34/1	 14/0*	 41/19
Altai	Territory 0/34	 35/2	 17/2	 34/1	 14/5	 63/41	 115/1
Kemerovo	Region 0/27 35/2 17/2 0/1 14/5 33/17	 132/17
Irkutsk	Region 0/10 0/1 0/9
Republic	of	Tyva 33/1	 0/11
Republic	of	Khakasia 5/3	 0/11 4/0 0/1

* “0” value indicates the absence of the event 

The correlation between heavy rainfall and dangerous floods is obvious, however information on 
dangerous rainfall is registered if settlements are damaged in regions where rainfall has currently 
increased significantly, and this data is lacking at the basin level. Therefore, going by damage registered, 
the correlation between dangerous rainfall and dangerous snowmelt floods is less probable.

The extremely low water level events depend not only on water supply conditions and the duration of 
low water period in rivers but also on extreme drought periods.

5. Assessment of Terrestrial Ecosystem and Water Resource Vulnerability to Climate Change

Fig. 5.11. Fluctuations calculated using AOGCM assemblies of: a)  annual runoff in the Ob River catchment 
for the period 2011–2030; b) the Yenisei River catchment for the period of 2011–2040 against the period of 
1978–1999.
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6. ADAPTATION ACTIONS: OBSERVED AND FORECASTED 
CLIMATE CHANGE IMPACTS ON POPULATION, ECONOMY 
AND ECOSYSTEM SERVICES

  Ivetta v. Gerasimchuk

6.1. soCIal aND ECoNoMIC ChoICE oF ClIMatE ChaNGE aDaPtatIoN 
MEasUrEs IN thE rUssIaN CoNtEXt

Global climate change entails both threats and new opportunities for social and economic development 
of the Altai-Sayan Ecoregion. Taking into account the scale of climate change forecasted for the ASE, 
the importance of Altai-Sayan as one of the world’s biodiversity hotspots as well as an important role 
assigned to the region in strategic plans of Russia’s economic development, the need to develop regional 
measures of adaptation to both negative and positive impacts of climate change raises no doubts.

In particular, climate change is referred to as a new determinant of development and a security 
challenge to Russia and its regions in such strategic documents as: the RF Environmental Doctrine 
(2002), the RF Long-Term Social and Economic Development Concept for the period to 2020 (2008), 
the RF Forest Complex Development Strategy for the period to 2020 (2008), the RF National Security 
Strategy for the period to 2020 (2009), the RF Climate Doctrine (2009), the Energy Strategy of Russia for 
the period to 2030 (2009), the RF Food Safety Doctrine (2010) and the Strategy of Social and Economic 
Development of Siberia for the period to 2020 (2010). 

If timely undertaken, mainstreaming of the issues related to potential climate change impacts in all 
aspects of social and economic development of the ASE will enable mitigation of forecasted damage to 
the ecosystems, population and economy and maximum utilization of potential benefits. However the 
ASE development projects related to realization of the abovementioned strategic documents are yet quite 
far from integrating climatologists’ forecasts and amount to typical business as usual scenarios without 
due regard to the climate change adaptation needs. Furthermore, certain plans of the ASE development 
discussed at the moment can result in maladaptation, i.e. aggravate the region’s vulnerability to adverse 
impacts of climate change (see below). Typical examples of maladaptation in the Russian context are 
draining peat lands in the areas where climate change increases the risk of wildfires, and inundation of 
territories for construction of hydro power plants in the areas where snow melting is to become more 
intense and likely to cause devastating floods due to rising average spring temperatures. 

It is often said that Russia has too many other urgent social, economic and environmental problems 
to pay attention to climate change. However such justifications testify to poor knowledge of the subject 
matter. Many adaptation measures have co-benefits. For example transition to new climate-resistant 
crops and farming methods can support agricultural modernization and promote local farmers’ products 
to new markets. Similarly, early warning networks set up for monitoring of avalanches, mudflows and 
forest fires could be used for poaching prevention and even national defense purposes. Modernization of 
power transmission networks with a view to reducing their exposure to winter and spring ice coating can 
result not only in more reliable power supply but also in reduced power losses. 

At the same time analysis of the interface of climate change and the ASE development prospects can 
be used by national, regional and international development institutions (VEB, Eurasian Development 
Bank, EBRD, Asian Development Bank, World Bank, UNDP, etc.) for a qualitatively new assessment of 
priorities for lending and grant rendering. The funding can be earmarked as development aid as such and 
assistance in adaptation to climate change.

Choice of adaptation measures is a complex and multistage process. Its success depends on both 
completeness of our knowledge about the status and interrelations of natural, social and economic 
processes in the region and the accuracy of forecasts of negative impacts of climate change on those 
processes. However currently there are significant gaps in both respects; many of those gaps have been 
described in other sections of this report. 

Due to the extremely complicated nature of the relationship amongst climate change, ecosystems 
and social and economic development, various approaches are used internationally to assess climate 
change impacts on systems and their elements in order to develop adaptation measures. Firstly, these 
approaches can vary depending on the subject: the same concepts (“hazard”, “vulnerability”, “sensitivity”, 
etc.) can be differently understood by economists, sociologists, medical specialists, hydrologists or the 
military. Secondly, there are different national traditions of using specific models and terminology that 
may lose its meaning or cause confusion when translated. Therefore no methodology can be considered 
the ‘golden standard’ when it comes to developing adaptation measures at a regional level. By contrast, 
international organizations including UNDP encourage the use of assessment approaches based on the 
regional context (UNDP 2004).

Below we made an attempt at providing a structured social and economic review of the available 
data on the current status of ecosystem services in the ASE as well as a summary of indicators and 
government programs for social and economic development of the region (primarily the Strategy of Social 
and Economic Development of Siberia for the period to 2020) in view of the forecasted impacts of climate 
change. The review draws upon both international approaches (first of all IPCC Fourth Assessment Report 
and UNDP Adaptation Policy Frameworks for Climate Change) and the conceptual framework used 
in Russia in the context of strategic and national security planning (see the abovementioned strategic 
documents of Russia referring to climate change as a hazard for the national development). The analysis 
is focused on adaptation needs in view of negative consequences of climate change, as this particular 
area requires involvement of governmental authorities and international organizations. On the contrary, 
adaptation measures aimed at benefiting from climate change can be primarily initiated by the private 
sector.

In accordance with the traditions of UNDP, GEF, Millennium Ecosystem Assessment and many 
other international initiatives, this report applies a single algorithm to each of the phenomena under 
consideration  (ecosystem services, specially protected nature areas, population and economy with 
respect to the most vulnerable sectors): 1) determining baseline (i.e. current) indicators and forecasting 
their future values in view of implementation of the current government programs of social and 
economic development of the region (as explained above, those programs fail to consider climate change); 
2) describing the observed and potential impacts of climate change broken down by hazard type; 3) 
assessing vulnerability by hazard type and assessing potential cumulative damage to development under 
different scenarios; 4) identifying potential adaptation measures and their estimated cost; 5) defining 
information gaps and areas of future studies.

A climate change related hazard is understood as “a direct or indirect possibility of damage” 
resulting from climate change (the general definition of a hazard is given in accordance with the 
Strategy of the RF National Security for the period to 2020, para 6). Due to the fact that negative 
consequences of climate change often trigger chains of reactions in ecosystems and the economy, 
these hazards could be divided into primary and secondary (Fig. 6.1) according to the approach of 
Millennium Ecosystem Assessment.

Primary climatic hazards identified for the ASE in previous sections of this report include both long-
term temperature rise (according to different estimates, by 2080 the temperature will rise by 3–6°С 
depending on the particular area of the ASE) and extreme weather phenomena. The latter include heavy 
rains, snowfalls, storms, hurricanes and fogs, spring and winter thaws, open winters, droughts and heat 
waves. Russian specialized literature uses the term ‘hazardous hydrometeorological phenomena’ to refer 
to the abovementioned hazards plus avalanches, mudflows, high floods during snowmelt flooding, and 
flood tides as well as floods caused by ice gorges and wind surges.

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services
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Climate change can have different impacts on individual ecosystems, specially protected nature 
areas, population groups and economic entities. It also impacts various parts of the ASE in a different 
way. This is determined by the landscape diversity and immensity of the ecoregion occupying 
almost 4% of the Russian territory and in terms of its area (660 000 km2) roughly matching the 
territory of France. The following secondary hazards (highlighted with an exclamation mark in Fig. 
6.1) mediated by inorganic nature and by wildlife could cause the most damage to the ecoregion’s 
development:

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services

  ● floods caused by both spring snowmelt intensification and deglaciation as well as by possible changes 
in the precipitation regime and by forest and other ecosystems’ water-regulation malfunction; 

  ● avalanches, earth flows and mudflows resulting from snowmelt and thawing of the permafrost as 
well as from heavy rains and forest and other ecosystems’ protective malfunction; 

  ● decline in biodiversity, forced migration and extinction of native species, expansion of alien flora 
and fauna species as well as ecosystem malfunctions caused by the whole complex of primary and 
secondary climate hazards which in their turn are able to endanger the ecoregion’s development;

  ● forest and steppe wildfires that could be catalyzed not only by droughts and heat waves, but also by 
an increase in the mass share of defunct trees and fallen wood resulting from branches’ break-off and 
trees demise due to the climate change driven thaws, spread of diseases and plant pests;

  ● damages to residential and economic infrastructure objects as a result of floods, wildfires, avalanches, 
mudflows, earth flows, permafrost thawing as well as ice coating during winter and spring thaws;

  ● increased numbers of cases of illnesses, accidents and fatalities among the population as a result of 
vector diseases’ propagation, heat waves, floods, wildfires, avalanches, mudflows, earth flows and 
glaze ice on highways and streets.

A number of other secondary hazards related to climate change (specified in Fig. 6.1) is also expected in 
the ASE and will be analyzed in detail when considering climate change impacts on specific phenomena. 
In particular, climate change induced alteration of business practices can also represent a hazard for 
ecosystems.

Many climate change-related hazards have been previously observed in the region but under 
conditions of climate change their frequency and magnitude is expected to increase. 
Vulnerability is “the degree to which a system is susceptible to, and unable to cope with, adverse ef-
fects of climate change” (IPCC, 2007, p. 89). However there are various interpretations of this definition. 
Vulnerability is often expressed in percentages as a loss rate (for example, as a result of temperature rise 
by N degrees glaciers’ area will reduce by N%) (UNDP, 2004, p. 78). In economics we talk about cost esti-
mates of such losses and damages to development. Meanwhile vulnerability assessments in quantitative 
and monetary terms are not always feasible.

Potential damage 
to development 
(vulnerability)

=

Character, magnitude 
and frequency of 

realization of climate 
change related hazards 

x

System 
characteristics 
(sensitivity and 

internal adaptive 
capability)

–
External adaptation 

measures

The analysis below proceeds on the basis that vulnerability on the one hand depends on the character, 
magnitude and frequency of hazard realization, and on the other hand – on such system characteristics 
as its sensitivity and internal adaptive capability (adaptability). For example, wood losses due to forest 
fires depend on both frequency of the fire hazard realization and specific forest features including the 
mass share of defunct trees and fallen wood. Vulnerability could be reduced through external adaptation 
measures. 

Taking into account the region’s diversity and individual characteristics of each of the most vulnerable 
natural and social-economic entities of the ASE, the required adaptation measures could vary significantly. 
At the same time when selecting adaptation measures it is important to follow consistent 
logic. In general, ideally such measures should reduce vulnerability of several entities at 
once and have co-benefits both for the nature and population and the regional economy. If speaking 
strictly in economic terms, preference should be given to adaptation measures resulting in the 
highest net present value (NPV) expressed in terms of social costs and benefits during the 
whole period of the project realization rather than just in accounting terms:

Fig. 6.1. Climate change-related hazards and their potential impacts on the ASE
Color arrows indicate primary hazards, black arrows – secondary ones. Exclamation marks indicate negative 
impacts able to cause the most significant damage to the ecoregion’s development. Further the report analyzes 
these hazards as related to the ecoregion’s population and economy (Subsection 6.2) and to the ASE ecosystem 
services (subsection 6.3).
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Social cost = Private cost + Negative externalities including 
environmental effects

Social benefit = Private benefit + Positive externalities including 
environmental effects

Project Net Present Value = ∑
=

n

t 0

+

Project social benefits net of project  
social costs

(1 + discount rate)t

Traditionally the choice of a discount rate for public projects is an area of heated debates (GEF, 
2002, p. 33). In certain cases for projects funded by international financial institutions this rate is 
determined by internal documents of these organizations. In other situations investors use as a basis 
a yield rate on long-term government bonds of the country where they make investments. For Russia 
2000–2010 average yield rate on ten-year government bonds was 7.39% (Trading Economics). Since 
this rate is reflecting significant country risks and is therefore quite high, we can use a simplified 
NPV formula for investment projects with duration over 25–30 years (i.e. substantially for all climate 
change adaptation projects):

Project Net Present  Value = = ∑
=

n

t 0

+

Project social benefits net of project  
social costs

Discount rate

Calculation of investment projects’ net present values requires monetary estimates of social costs and 
benefits. It should be noted here that due to the continued use of some of the Soviet planned economy’s 
terminology in present-day Russia and widely spread colloquial or incorrect use of the terms all stake-
holders should bear in mind the difference between key concepts of investment projects’ 
socio-economic analysis: price and value. The concepts of value and social cost and benefit assess-
ment methods are briefly discussed and used in practical examples in further sections of the report deal-
ing with ecosystem services and choice of adaptation measures.

Details of the international conceptual framework used for assessing public projects including cli-
mate change adaptation measures can be found in materials prepared by Russian and international au-
thors (for instance, GEF, 2002, Dasgupta et al., 1972, FAO Guidelines for Defining Financial, Economic, 
Environmental and Social Information).

Climate change adaptation projects are a new area for application of social cost and benefit 
analysis. Due to a high level of uncertainty this analysis requires careful and detailed calculations 
under several business scenarios. Consequently, such climate change adaptation studies and strategies 
have been made available first for countries and regions that are the most vulnerable to climate 
change. In contrast, at present the Altai-Sayan Ecoregion is not that much exposed to climate change 
compared to arid and semi-arid areas currently experiencing desertification due to climate change; or 
islands running the risks of partial or complete inundation as a result of the sea level rise. In addition, 
adaptation strategies and social cost and benefit analysis of adaptation projects are sounder when at 
least approximate probability could be assigned to climate hazards’ realization. In the case of the ASE 
adequate analysis of such probabilities requires much deeper elaboration than enabled by this study. 

6. Adaptation Actions: Observed and forecasted Climate Change Impacts on Population, Economy and Ecosystem Services

International organizations in charge of development, in particular UN Development Program 
and the World Bank have already accumulated the most valuable experience developing adaptation 
strategies and analyzing social costs and benefits of adaptation projects. For example, UNDP has 
carried out one of the most detailed studies for the Maldives that are extremely vulnerable in terms of 
the forecasted sea level rise (UNDP, 2009). Another example of such study is the one prepared by the 
World Bank for climate change adaptation of irrigation systems in Mexico. It is summarized in the text 
box below.

analysis of social costs and benefits of the irrigation system modernization 
project in rio Conchos Basin 

Modernization	 of	 the	 existing	 irrigation	 systems	 in	 Rio	 Conchos	 Basin	 in	 Mexico	 could	 be	 used	 as	 an	
example	of	climate	change	adaptation	project	beneficial	for	all	stakeholders	(“no-regret	adaptation”).

Capital	 cost	 of	 the	 regional	 irrigation	 system	 modernization	 amounts	 to	 USD	 317	 M.	 The	 irrigation	
modernization	component	would	create	economic	benefits	solely	from	water	savings,	estimated	at	USD	5.6	
M	per	year.	The	present	value	of	these	benefits	net	of	operating	costs	would	be	about	USD	25	M.	Thus	the	
Net	Present	Value	(NPV)	of	the	project	is	negative:

NPV	=	USD	25	M	–	USD	317	M	=		–	USD	292	M

Hence	realization	of	this	project	does	not	make	economic	sense	based	on	the	analysis	of	direct	costs	and	
benefits	only.	However	irrigation	modernization	opens	up	new	opportunities	for	Mexican	farmers,	primarily	
the	opportunity	of	cultivation	of	higher	value	crops.	In	addition	transitioning	to	water-efficient	irrigation	will	
reduce	the	threats	of	the	lowering	of	the	water	table	and	saline	intrusion	aggravated	by	climate	change.	
As	under	climate	change	saline	intrusion	presents	a	threat	to	the	very	basics	of	agriculture	in	the	region,	
the	benefits	of		preventing	this	threat	plus	the	benefits	from	water	savings	and	diversification	opportunities	
make	the	irrigation	modernization	project	in	Rio	Conchos	Basin	economically	viable.

Source: World Bank Climate Change Guidance, Note 7. ‘Evaluating Adaptation via Economic Analysis’. Annex 12.
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6.2. PoPUlatIoN aND ECoNoMy oF thE asE UNDEr ClIMatE ChaNGE

6.2.1. Problems and prospects of adapting the asE population to climate 
change 

Successful adaptation of the ASE to climate change cannot be achieved without active participation 
of the local people. However, formation of climate change awareness and an active stand of the local 
communities with regard to adaptation is a difficult and time-consuming process complicated by the 
numerous social and economic problems in the region.

Low personal incomes of the majority of the people living in the ASE, unemployment, poor living 
conditions, undeveloped social and transport infrastructure, low life expectancy, inadequate healthcare– 
these are the urgent problems of social and economic development of the ASE. As described in other 
sections of this report, the most pressing environmental issues of the region are poor air quality in cities 
and threats to biodiversity. Therefore it is not surprising that both in the eyes of the local communities 
and from the viewpoint of the regional authorities these vital issues take the upper hand over adaptation 
to climate change which appears to be a mid- and long-term challenge.

Baseline indicators. There are about 4 million people residing in the Russian part of the ASE1. 
Urban population dominates (73–75% of the total population); there are 31 cities in the region. Rural 
population accounts for approximately 25–27% (see Table 6.1). 

There is a significant gap in terms of living standards between the large industrial centers of the ASE 
(Krasnoyarsk with population of about one million people, Kemerovo and Novokuznetsk with population 
of about half a million people each) and the poorest rural areas, especially in the republics of Altai and 
Tyva that have the lowest Human Development Index among Russian regions and in terms of this index 
are comparable to such countries as Vietnam, Mongolia and Honduras (Table 6.1). The financial and 
economic crisis that started in 2008 has caused a surge in the already high rates of rural unemployment 
amounting to 95% in certain villages with prevalent indigenous population (UNDP, no date, p. 2006).

Russian population prevails in the ASE. However there are many other ethnic groups in the region 
including indigenous minorities, and some of them maintain traditional practices of natural resources 
use. Indigenous population of the ASE amounts to approximately 350 thousand people. Indigenous 
population dominates in the Republic of Tyva (about 80% of the population are Tuvinians) and is 
significant in some other republics pertaining to the region: Altai (about 30% of the population are 
Altaians), Buryatia (about 25% of the population are Buryats) and Khakasia (approximately 25% of the 
population are Khakasians). Indigenous minorities living in the Russian part of the ASE also include 
Telengits, Tubalars, Kumandinians, Chelkanians, Shortians, Teleuts, Tuvinians-Todjinians and some 
others. All these ethnic groups contribute significantly to the cultural diversity of the region. Overall, 
social and economic status of the indigenous population is worse than the average for the region.

Observed and potential climate change impacts on the ASE population. Aside from 
affecting ecosystem services as an important factor of the local population’s welfare (see more details 
below), climate hazards have direct impacts on the locals. Primarily these are due to an increased 
frequency and magnitude of hazardous hydrometeorological events (floods, droughts, avalanches, earth 
flows, mudflows, glaze ice caused by to winter and spring thaws) leading to a potentially higher accident 
and fatalities rate. At the same time residential properties and other infrastructure facilities in the region 
are worn down, which makes them more vulnerable to hazardous weather events and fires that can be 
exacerbated by climate change in terms of both their frequency and magnitude. Moreover, as a result 
of the change in the temperature regime, there is a possibility of propagation of vector diseases, both 
previously known (tick-borne encephalitis, tick-borne borreliosis also known as Lyme borreliosis, and 
some others) and unknown (West Nile encephalitis) in the ASE (Chestin and Colloff, p. 44–47).

1 Calculation of certain social and economic indicators for the Russian part of the ASE is impeded by the absence of statistical data specifi-
cally within the borders of the ecoregion. At the same time Rosstat and other sources publish a wide range of data on the RF constituent 
entities, including those entirely or partially pertaining to the ASE – with certain adjustments and caveats these data are used in this study.
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The ASE development trends and climate change adaptation prospects. The 2008–
2011 financial and economic crisis has interrupted the trend towards improvement of some social and 
economic indicators in the ASE that emerged in mid-2000s. Like in many other regions of Russia, there 
is a natural decline in the population numbers in all the RF entities pertaining to the ASE except Tyva. 

Due to both abovementioned reasons and severe climate the population of the Siberian Federal 
District comprising the ASE is less concerned about climate change than people in other regions of 
Russia. According to one of the most representative public opinion surveys on the subject carried out on 
March 10–11, 20072, only 35% of the respondents in the Siberian Federal District believed that «global 
warming had already started» (All-Russia indicator was 45%, in the South and Far East Federal Districts 
58–60% of respondents shared this viewpoint), and 29% of respondents held to the opinion that its 
consequences would be rather favorable than unfavorable (All-Russian indicator – 18%) (VCIOM, 4 
April 2007, Table 6.2).

Table 6.2.

Results of the All-Russia public opinion survey, March 10–11, 2007

Which of the following opinions about global warming do you tend to agree with?

Federal Districts

russia Central
North-
West

south volga Urals siberian Far East

Global	 warming	 has	 already	
started

45% 46% 31% 58% 43% 46% 35% 60%

Global	warming	will	start	soon 17% 17% 14% 11% 21% 18% 23% 13%

Global	warming	is	still	far		away 21% 21% 28% 14% 19% 24% 30% 6%

There	will	be	no	global	warming 6% 7% 14% 6% 4% 3% 5% 4%

Do	not	know 11% 9% 13% 11% 13% 9% 7% 17%

What in your opinion will be the impact of global warming on russia – favorable or unfavorable?

Federal Districts

russia Central
North-
West

south volga Urals siberian Far East

Mainly	favorable 18% 18% 20% 8% 19% 21% 29% 24%

Mainly	unfavorable 59% 56% 56% 70% 59% 56% 57% 52%

Do	not	know 23% 26% 24% 24% 22% 23% 14% 24%

Source: VCIOM (4 April 2007). Press-release No 665. Global warming: myth or reality? 
http://wciom.ru/index.php?id=268&uid=4339

However, public opinion on climate change issues is quite flexible and to a large extent depends on 
the current weather situation and mass media coverage. Thus, according to the survey of the All-Russia 
Public Opinion Research Center, the number of respondents who indicated climate change among signs 
of environment deterioration directly affecting their place of residence amounted to 20% in 2005, 16% – 
in 2009, and 28% – in 2010 (VCIOM, 29 July 2010). Therefore purposeful work with the ASE population 
on awareness raising and explaining the need for adaptation to climate change could foster the necessary 
support of the local population, especially if it is combined with creation of jobs in the “green sector” of 
the ASE economy.

6.2.2. Problems and prospects of adapting the asE economy to climate 
change 

Baseline indicators. Different parts of the ASE have different structures of their economies.  
Extraction of minerals (coal, ore), metallurgy and hydropower play a key role in the structure of the gross 

2 1,600 people in 153 communities in 46 constituent entities of the RF participated in the survey. However, the methodology applied could 
give rise to unfavorable criticism as the questions referred to “global warming” and not to climate change as a more complicated process.

regional product (GRP) in Kemerovo Region, southern part of Krasnoyarsk Territory and Khakasia; 
agriculture is vital for the rest of the ASE (Fig. 6.2). 

However the region is highly dependent on federal subsidizing. The share of subsidies from the 
federal center in consolidated budgets of Tyva and Altai Republics is 80%, of Buryatia Republic and Altai 
Territory – over 50% (Fig. 6.3).

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services

Fig. 6.2. Contribution of key industries to the gross regional products (GRP) in the ASE in 2008. Data on the 
constituent entities of the Russian Federation within their administrative borders

Source: prepared by the author (I.V. Gerasimchuk) based of Rosstat data (Rosstat, 2010а, p. 22–24)

Fig. 6.3. The share of regional tax and non-tax revenues in the total revenues of consolidated regional budgets 
in the ASE. Data on the constituent entities of the Russian Federation within their administrative borders, %
Source: prepared by the author (I.V. Gerasimchuk) based of Rosstat data (Rosstat, 2010а, p. 22–24)
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At the same time the structure of employment in the ASE also varies from region to region (Fig. 6.4).

Development trends, observed and potential impacts of climate change. In mid-2000s 
there emerged a trend towards output growth in some industries of the ASE. However the further 
development was impeded by the 2008–2011 financial and economic crisis. The crisis also challenged 
realization of a number of large-scale investment projects in the ASE, including development of mineral 
resources in Tyva and the related construction of a rail road to Kyzyl as well as construction of large and 
small scale hydro power plants, development of special touristic and recreational economic zones. The 
next subsection of the report describes key development projects in the areas of agriculture and forestry, 
hydropower, tourism and transport in view of ecosystem services and related climate change adaptation 
measures

6.3. ECosystEM sErvICEs IN thE asE UNDEr ClIMatE ChaNGE

6.3.1. Importance of ecosystem services for social and economic 
development of the altai-sayan Ecoregion

Natural ecosystems (i.e. those not exposed to direct human impacts) occupy about three fourths of the 
Russian part of the Altai-Sayan Ecoregion and are represented mainly by forests, to a lesser degree – 
by steppes, forest-steppes, subalpine meadows, tundra, glaciers as well as water bodies and wetlands. 
Agricultural ecosystems account for about one fifth of the ASE territory and are primarily used as pasture 
lands. Urban ecosystems (including transport and industrial infrastructure facilities) cover less than one 
per cent of the ecoregion’s territory. These ratios vary moderately depending on the individual  RF entities 
pertaining to  the ASE entirely (Republic of Altai, Tyva and Khakasia) or partially (Buryat Republic, 

Fig. 6.4. Structure of employment by sectors of the economy. Data on the constituent entities of the Russian 
Federation within their administrative borders (2009)

Source: prepared by the author (I.V. Gerasimchuk) based of Rosstat data (Rosstat, 2010а, p. 108–109)

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services

Krasnoyarsk and Altai Territories, Kemerovo and Irkutsk Regions) (Fig. 1.1, 6.5). Occasionally a small 
part of Novosibirsk R egion is also included in the ASE, however this area is not analyzed in this report.

Due to the high degree of its natural diversity preservation the ASE plays an important role in 
supplying ecosystem services, i.e. “the benefits people obtain from ecosystems” (a definition used by the 
Millennium Ecosystem Assessment 2005, p. V). The term “service” as applied to ecosystems highlights 
the renewable nature of the flow of benefits as contrasted with the stock that is depleted as a result 
of benefits’ consumption. Therefore ecosystems are often described as “natural capital” generating 
“dividends” if used sustainably (Hawken et al., 1999).

To facilitate the analysis, there exist several classifications of ecosystem services. Thus, based on 
their functions, ecosystem services are divided in four groups: 1) provisioning services, 2) cultural and 
amenities services, 3) regulating services, and 4) supporting services (Altai-Sayan examples of all four 
service types are presented in Fig. 6.6).

Certain ecosystem services can belong to more than one type. For instance, maintaining biodiversity 
is often viewed as a provisioning service, because biodiversity is an important resource for genetic 
material for agriculture and medicine. However maintaining biodiversity also has an equally important 
regulating function as an indicator of the ecosystem’s well-being. Usually the more diverse the ecosystem 
is the more resilient it is to external stresses. That is why under the same conditions wild steppes or 
prairies comprising of dozens of plant species are more resistant to pests and diseases than monocultures 
cultivated by people (Benyus, 2002). Similarly pollination and carbon sequestration by biomass could be 
classified both as a provisioning and a regulating ecosystem service. 

Due to market failures and government policy failures both in the Altai-Sayan Ecoregion and 
throughout the world market pricing exists only for several kinds of ecosystem services. For instance, 
cedar nuts or greenhouse gas emission offsets by forests are traded in the world market. However there 
is no market for pollination or photosynthesis. Nevertheless, regardless of the fact whether or not each 
individual ecosystem service has a market price, it definitely has its value, i.e. the ability to satisfy human 
needs. These needs can be both material and spiritual.

Thus the total economic value of an ecosystem service is made up by its direct use value, indirect 
use value, option value, bequest value and existence value. Usually people directly use provisioning and 
cultural and amenities ecosystem services, while regulating and supporting services are used indirectly. 
Meanwhile all ecosystem services have an option value, bequest value and existence value.

For several decades various assessment methods have been used for economic valuation of ecosystem 
services (for more detail see King and Mazzotta, 2000, ΤΕΕΒ, 2010, Tishkov, 2010). Some of these 
methods are based on studies of existing and surrogate markets for goods produced by ecosystems, while 
others proceed from observations of people behavior and public opinion surveys with respect to the 
willingness to pay for preserving an ecosystem or its part. For instance, one of the trailblazing articles 
on the subject (Constanza et al., 1997) has valued the whole planet’s biosphere at USD 16–54 trillion 
while the cumulative annual GDP of all countries for the same period amounted to USD 18 trillion. Below 
in the report we apply some of the available approaches to valuation of the ASE ecosystem services but it 
is important to bear in mind the relativity of their results. Monetary estimates of the total economic value 
of an ecosystem service, especially on the scale of a nation or an ecoregion, usually have a wide range 
and require additional elaboration in order to support investment decisions for each particular project3. 

It should be noted that given the low standard of living, local communities in the ASE rely on 
ecosystems as the source of livelihood and income and are therefore mostly interested in the direct 
use value of ecosystem goods. On the contrary, representatives of developed countries living thousand 

3 Firstly, in a number of cases the direct use value and other value types are mutually exclusive. For example, a tree felled for firewood has 
no value for sequestering greenhouse gases or maintaining biodiversity for future generations. Secondly, the value of ecosystem services 
depends on the people’s material and spiritual needs, which vary significantly by population groups. Thirdly, as a rule, ecosystem valu-
ation makes sense in economic terms only if the system is in a condition close to a natural equilibrium. On the contrary, if there is a risk 
of irreversible loss of a certain service, its value goes to infinity. For example, quite accurate estimates are possible for valuation of the 
ecosystem service of provisioning timber if logging is sustainable and the system is able to replenish the growing stock. However the value 
of the last snow leopards is immeasurable because in case of their extinction their genetic resources cannot be replaced.
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kilometers away from the ASE may have a higher willingness to pay for conservation of the Altai-Sayan 
ecosystems and they can attach a higher priority to the indirect use value, option value, bequest and 
existence values (Fig. 6.6).

Ecosystem services play a vital role in mitigating the negative impacts of climate change 
and adaptation to these impacts. Firstly, terrestrial and water ecosystems are natural carbon sinks, 
and in case of ecosystems’ deterioration the carbon gets into atmosphere in the form of СО2 and other 
greenhouse gases and facilitates climate change. In the Altai-Sayan Ecoregion the major carbon sinks 
are forests; plant complexes of tundra, steppes, wetlands and other water bodies as well as soil are also 
carbon sinks, albeit to a lesser extent. Secondly, ecosystems are the “buffers” mincing the impact of 
extreme weather phenomena that are becoming more frequent due to climate change. In this regard 
ecosystem services play an important role in terms of regulating floods, snowmelt flooding, avalanches, 
earth flows and mudflows, hurricanes as well as droughts and wildfires. Thirdly, given that climate change 
results in falling living standards, especially in the poorest countries, ecosystems are crucial in terms of 
their continued provisioning functions as the source of purified water, food, medicines and construction 
materials for people (for more details see Dudley et al., 2010).

Fig. 6.5. Land use in the Altai-Sayan Ecoregion*, K km2. Data on the constituent entities of the Russian 
Federation within their administrative borders as of January 1, 2009 

*  This classification follows the methodology of the official land reserves and matches ecosystem types only approximately. For instance, 
forest reserve areas can include land that is currently not wooded, but intended for afforestation in the future. 

Source: prepared by the author (I.V. Gerasimchuk) based on Rosnedvizhimost data (Rosnedvizhimost, 2009, p. 185–186)

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services

The analysis bellow applies approaches of the Millennium Ecosystem Assessment and focuses on the 
ecosystem services on which people are most dependent in the Russian part of the ASE. Population 
groups that most of all depend on ecosystem services include primarily rural population (about 1.1 
million people). It includes: 1) those immediately involved in agriculture, forestry and fishery, as well 
as hunting and fishing of wildlife (about 300 thousand people); 2) rural residents occupied in other 
industries including social sphere and tourism (about 200 thousand people); 3) rural residents who 
are unemployed (at least 100–120 thousand people; in certain villages in Tyva this indicator amounts 
to  80–95% of labor force); 4) rural residents below or above the employable age (about 500 thousand 
people). Moreover, considering the low level of income among the locals, small-scale farming on personal 
land plots (dachas) and harvesting of any available natural ecosystem goods are an important source of 
livelihoods and income not only for the rural people but also for the urban population, particularly for 
the retirees and unemployed. Thus, these population groups can be singled out as vulnerable in view of 
their dependence on ecosystem services (Fig. 6.7).

Below we analyze some of the potential climate change impacts on the ecosystem services that play 
an important role for local people and the economic development of the region. If the ecosystem service 
in question has been examined in the course of the Millennium Ecosystem Assessment, the results 
are presented as of 2003–2004. In addition, to value ecosystem services in monetary terms, in every 
individual case we have used the most suitable methods out of the many available. For the purpose of 
capitalizing annual flows of ecosystem goods and annualizing the stock, we have used the average rate 
of return on ten-year Russian government bonds for 2000–2010, i.e. 7.39% (Trading Economics) and a 
simplified discounting formula (see above). 
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Fig. 6.6. Total economic value of key ecosystem services in the Altai-Sayan Ecoregion
Source: prepared by the author (I.V. Gerasimchuk) using Millennium Ecosystem Assessment, 2005 (p. 40), Smith et al., 2006 (p. 30), and 
Mandych 2003 (p. 31 – 33)
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Therefore, our approaches been extremely simplified and monetary values obtained for individual 
ecosystem services (Table 6.3) are quite rough. It is important to note that these values can not be 
aggregated as there exist cause-effect relationships among individual ecosystem services. 
Hence weighting coefficients need to be calculated for an aggregation. In order to obtain more precise 
estimates it is necessary to undertake more detailed market studies (for instance, cadastral and market 
values of land can differ in times) as well as analysis of customers’ willingness to pay for ecosystem 
goods, meta-analysis of international practices and valuation under several methods with an average 
value selection. Moreover, development of specific adaptation measures should be based on thorough 
analysis of each individual case rather than general estimates for the entire ASE. 

However, the obtained estimates demonstrate that the value of the ASE ecosystem services is at least 
comparable with the gross product of this territory (according to Rosstat, in 2008 the gross regional 
product of the Republic of Altai amounted approximately to USD 0.6 B, Republic of Tyva – USD 0.8 
B, Republic of Khakasia – USD 2.5 B, Kemerovo Region – USD 19 B; Rosstat, 2010a, p. 24). It shall be 
noted that currently the gross regional product is based primarily on extraction and processing of non-
renewable resources, in particular, coal and metals, while ecosystem services are a renewable source of 
economic growth in case of their sustainable use and successful climate change adaptation.

Table 6.3. 
Economic values and development trends* of certain ecosystem services in the 

Russian part of the ASE as of 2009–2010 (current prices)**

Ecosystem service*** Demand for the service in 
terms of volume

supply of the service in terms of volume  Estimated 
annual flow 
value(UsD 

M)

Estimated  
stock 

value (UsD 
M)

trends 
related to 
economic 

development

trends 
related to 
climate 
change

trends related 
to the economic 

development 
pressures

trends related to 
climate change 

impacts

Provisioning	of	timber	and	
firewood     100< 1	350<

Carbon	sequestration****     18	500< 250	000<

Prevention	of	forest	and	steppe	
wildfires     17< 230<

Provisioning	of	hunting,	fishing	
and	gathering	products	     150< 2	000<

Provisioning	of	land	and	
conditions	for	farming     2	000< 27	000<

Provisioning	of	fresh	water	and	
hydropower     450< 6	000<

Mitigation	of	and	protection	from	
floods,	earth	flows,	avalanches	
and	mud	flows	

    20< 270<

Cultural	and	amenities	services     38< 500<

Maintaining	natural	habitats	for	
biodiversity	     27,000< 370,000<

Source: analysis and estimates prepared by the author (I.V. Gerasimchuk) using Millennium Ecosystem Assessment, 2005 (for more 
details see below)
*  Trends:  no changes;  worsening, decreasing; improving, increasing.
**  The estimates  cannot be aggregated, since there exist cause-effect relationships among individual services. 
***  Color indicates ecosystem services for which the regional economic development and climate change cause increasing demand and  

 dropping supply. Therefore adaptation measures are required to maintain the highlighted services.
**** Under condition of establishing transparent forest management mechanisms in the region and Russia’s full integration into the 
international carbon markets (for more details see Subsection 6.3.2.2)

In view of the regional economic development plans and the global trends towards growing prices for 
natural resources, it is certain that the value of the ASE ecosystem services will be constantly increasing 
and so will their role in the processes of climate change adaptation.

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services

6.3.2.  Individual climate change impacts on ecosystem services in the asE

6.3.2.1. Provisioning timber and firewood 

Service type:
● provisioning
Importance for the local population (in accordance with the results of the Millennium 

Ecosystem Assessment: high, medium or low; assessment has been carried out for the Republic of Altai 
only):

● high
Current state (in accordance with the results of the Millennium Ecosystem Assessment: good, 

normal, fair, or poor; assessment has been carried out for the Russian part of the ASE):
● good
Baseline indicators. Forests cover approximately 535 K km2 of the Russian part of the ASE 

(UNDP/GEF, 2010, p.14). According to the official data, in 2009 the region cut about 4 M m3 of timber of 
which commercial timber amounted to 3 M m3 (statistical data for the RF entities are given in Fig. 6.11). 

Fig. 6.7. Categories of the ASE population most vulnerable in terms of their dependence on ecosystem services, 
thousand people. Data on the constituent entities of the Russian Federation within their administrative borders, 
2009
Source: prepared by the author (I.V. Gerasimchuk) based on Rosstat data (Rosstat 2010a, pp. 59, 61, 71, 101, 108)
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These volumes of logging are four – five times lower than the annual allowable cut4  (The Concept of 
the Long-Term Social and Economic Development of the RF for the period to 2020). At the same time 
due to the poor condition of the transport infrastructure there is an overuse of forest blocks with better 
access.

It should be also noted that official statistics do not consider significant volumes of illegal logging. 
According to some estimates, illegal timber cut in Russia on average amounts to 10–20% of the official 
production volume, and is higher in Siberia and the Far East (WWF Russia, 2007). It is the illegal logging 
that constitutes a threat to sustainable forest reproduction in the ASE. 

Monetary estimates. Assessments using the minimum  prices for timber in the region (USD 30 
per 1 m3 for commercial timber, and USD 12 per 1 m3 for firewood5, see Na Altae.ru, October 14, 2010) 
result in the value of the ecosystem service for provisioning commercial timber at least at USD 90 M per 
year, for provisioning firewood and other logging products – at least at USD 12 M per year. These total 
at least at USD 100 M per year. When capitalizing this flow of ecosystem goods at the rate of 7.39%, the 
value of the ASE natural capital with respect to the service in question amounts to at least USD 1.35 B. 
This estimate is very conservative. Firstly, it does not include illegal logging. Secondly, a major part of the 
timber harvested in the region is sold to other regions of Russia and exported abroad, where its customer 
value is much higher. 

Overall, the regional economic development plans do not pose a threat to the ecosystem services for 
provisioning timber and firewood. Logging volumes in the ASE will continue to be significantly lower 
than the allowable cut. However these volumes will gradually increase due to enhancing demand both 
within the region and in the foreign markets, primarily China. Timber processing in the ASE is still 
underdeveloped. The only significant example of development is construction of a new wood chipboard 
factory (JSC Altai-Forest) launched in 2007 in the Republic of Altai on the basis of Larichikhinsky forestry 
farm.

Observed and potential climate change impacts on the service. Results of special 
observations as well as bioclimatic modeling analyzed in detail in a separate section of this report 
demonstrate that overall the ASE forests have a high internal adaptability in the mid- and long-term 
perspective and are well-adaptable to climate change due to zoned growing at various altitudes. In 
particular, forest wildfires facilitate replacement of certain vegetation species with others that are more 
adapted to a new climate. However, for forestry fieldwork, the propagation of wildfires, plant pests and 
other negative effects of climate change can incur significant damage (Table 6.4).

Table 6.4

Climate change impacts on the ecosystem service for provisioning of timber  
and firewood in the ASE

Climate change related hazards observed and potential impacts

Primary hazards

Droughts,	heat	waves Fire	dangers	in	the	summer	period,	propagation	of	wildfires

Rainfalls,	snowfalls,	storms,	hurricanes	as	well	as	spring	thaws	and	
open	winters

Damages	 to	and	 loss	of	 trees,	accumulation	of	highly	 inflammable	
deadfall	and	wind-breakage

Long-term	temperature	rise Changes	in	the	composition	of	plant	complexes	

hazards mediated by inorganic nature

Floods,	earth	flows,	avalanches,	mudflows Inhibited	access	to	logging	sites

4  Only sustainable forest use options not resulting in depletion of the natural capital are considered. Monetary values of the total volume 
of standing forest as raw material are not expedient as cutting down all timber will result in depletion of the resource.

5  In this particular case estimates are given only for the firewood produced as a by-product of commercial timber. Brushwood that does not 
require tree felling is considered in para 2.5 as a product of gathering. 
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hazards mediated by wildlife

Propagation	 of	 vector	 diseases	 and	 pests	 (including	 the	 eight-
toothed	bark	beetle)

Damages	 to	and	 loss	of	 trees,	accumulation	of	highly	 inflammable	
deadfall	and	wind-breakage

Propagation	of	alien	plant	species Changes	in	the	composition	of	plant	complexes

Source: prepared by the author (I.V. Gerasimchuk) using Roshydromet materials (Roshydromet, 2008) and other sections of this report

6.3.2.2.  Carbon sequestration
Type of service:
● regulating, supporting
Baseline indicators. According to the estimates given in other sections of this report, as of today 

phytomass registered in live plants in the ASE amounts to about 6650 M t, or about 3330 M t of carbon 
(carbon conversion factor 0.5). Consequently, it corresponds to approximately 12.2 gigaton (B t) of СО2 
(conversion factor 3.67). For comparison: based on IPCC data global greenhouse gas emissions in 2004 
amounted to 49 gigaton of СО2 equivalent, including about 28 gigaton of СО2 itself (IPCC, 2007, p. 
36). In addition, significant carbon volumes are deposited on the ASE territory in soil and hydrocarbon 
formations primarily in the form of coal, and coalfields are abundant in the region.

Monetary estimates. Unlike in most developed and certain developing countries, currently there is 
no domestic obligatory or voluntary market for greenhouse gas emission quotas in Russia. Moreover, the 
Russian forest sector has not been integrated in international carbon markets. This precludes obtaining 
monetary estimates of the value of the ecosystem service for carbon sequestration in the ASE.

Meanwhile, if Russia joins the international process of implementing economic incentives for carbon 
sequestration in the forest sector, the value of this ecosystem service in the ASE could be enormous. The 
UN Secretary General’s High-Level Advisory Group on Climate Change Financing has recommended 
setting the global carbon price at USD 20–25 per 1 t of СО2 as a minimum to incentivize climate 
change mitigation measures (AGF, 2010, p. 5). Тhus, the value of the ASE ecosystem service for carbon 

Fig. 6.8. Timber harvesting in the ASE, K m3. Data on the constituent entities of the Russian Federation within 
their administrative borders, net of illegal logging, 2009
Source: prepared by the author (I.V. Gerasimchuk) based on Rosstat data (Rosstat 2010a, pp. 607, 617, 619)
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sequestration by phytomass could amount to USD 250–300 B. When annualizing the stock of the natural 
capital at the rate of 7.39%, the value of the annual flow of these ecosystem goods amounts to USD 18.5–
22.2 B.

To put these estimates in the context, it should be noted that though carbon trade develops dynamically 
both in the EU and within individual countries, these transactions cover just a small part of emissions 
yet. In 2009 the global trade in emission allowances in physical volumes increased up to 8.7 gigaton of 
СО2-equivalent, and in monetary terms – up to USD 143.7 B (World Bank, 2010, p. 1) given different 
price levels in various markets. However on the EU market the prices are gradually catching up with 
the abovementioned recommended range (in January 2011 the price for European Emission Allowances 
amounted to about Euro 14.5 per t of СО2, i.e. almost USD 20). As the world carbon prices increase, the 
value of the ASE ecosystem service for carbon sequestration will also grow.

Development trends. Threats to carbon sequestration by biomass emerge from human-induced 
wildfires and illegal cut as both burning and decompounding result in transformation of carbon bound 
by plants into greenhouse gases. 

At the same time, in terms of “unbinding” greenhouse gases currently stored in the regional ecosystems, 
much more significant impacts on climate can be associated with further development of local reserves 
of hydrocarbons, in particular coal deposits in Kemerovo Region, Khakasia, Altai Territory and Tyva. In 
particular, Kemerovo Region accounts for over a half of coal production in Russia. In total, the four regions 
extracted approximately 190 M t of coal  in 2009 (according to data provided by local administrations), 
which in terms of carbon equals to approximately 130–150 M t (conversion factor 0.7–0.8), and in terms 
of СО2 – to almost 0.5 gigaton. Thus, if the current rate of coal production is maintained, in 25–30 years 
the volume of coal-related carbon extracted (to be burned and emitted in the atmosphere in the form of 
greenhouse gases) will be approximately equal to the volume of carbon deposited by all phytomass of the 
ASE. 

Observed and potential climate change impacts on the service. Bioclimatic models 
analyzed in detail elsewhere in this report predict that the regional phytomass will grow as a result of 
climate change and, consequently, the volume of carbon bound by plants will increase as well. According 
to the modeling results, the increase by 2080 will amount to 190–480 M t of carbon, or 0.7–1.8 gigaton 
of СО2 additionally sequestered from the atmosphere. At the same time, wildfire hazards are forecasted 
to become more frequent in the region due to climate change (see below) and can potentially contribute 
to an increase in CO2 emissions resulting from forest and steppe wildfires in the ASE.

6.3.2.3. regulation of forest and steppe wildfires

Type of service:
● regulating
Baseline indicators. According to Rosstat and Rosleskhoz, every year fires cover approximately 

0.2–0.3% of forest reserve lands of the ASE (Fig. 6.9), however this information needs further 
specification. Though wildfires are “programmed” by nature as an element of ecosystem development, 
an absolute majority of wildfires in the region are man-induced (90% of cases, in other instances 
wildfires are caused by dry thunderstorms, IPCC/GEF, p.13). This poses a threat to both natural and 
economic capital. Ecosystems play a dual role in regulating wildfire propagation. On the one hand, given 
an unfavorable distribution of the region’s forests by fire danger classes, especially in the Republics of 
Buryatia and Khakasia, as well as in Krasnoyarsk Territory and Irkutsk Region (Fig. 6.12), ‘dry’ elements 
of the ecosystems catalyze propagation of wildfires and are destroyed by them. On the other hand, water 
bodies and wetlands act as natural barriers to fire.

Monetary estimates. Water reserve lands account for less than 1% of the Russian part of the ASE 
territory, i.e. approximately 450–550 K ha. To assess the value of Altai-Sayan ecosystem service for fire 
prevention, it is possible to use the benefit transfer method using results of a similar analysis carried out 
in the Republic of Belarus, where rewetting 40 K ha of peat-lands enabled reduction of the government 

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services

Fig. 6.9. Classification of the ASE forests by fire danger (I–III – maximum danger) in 2003 and percentage 
of the area affected by fires as compared with the total area of forest reserve land in 2003–2009. Data on the 
constituent entities of the Russian Federation within their administrative borders

expenses on fire extinction by approximately USD 1.5 M per year (Dudley et al., 2010, р. 35). Thus, 
assuming that the level of economic development of the Republic of Belarus and the ASE is approximately 
the same, the value of the ecosystem service for preventing fire propagation provided by the ASE water 
bodies and wetlands could be estimated at USD 17–20 M per year, i.e. almost 20 times more than the 
funds allocated to the constituent RF entities from the Federal Budget for fire extinguishing in the ASE 
(data on 2005 subsidies, Rossiyskaya Gazeta, December 10, 2005).

When capitalizing this flow of goods at the rate of 7.39%, the value of the ASE natural capital in 
terms of preventing fire propagation could be estimated at USD 230–270 M. At the same time, this 
estimate is provisional. On the one hand, it does not take into account the difference in the degrees of fire 
danger of Belarus peat lands and the ASE forests. On the other hand, this methods equalizes the value of 
ecosystem services to the avoided government expenses, but does not take into account other damages 
and casualties that have been prevented as well. 

Development trends. Human factor remains the main cause of wildfires; therefore future 
developments depend on both realization of the ASE economic development programs and implementation 
of wildfire preventing and extinguishing measures by the RF government and local authorities. 

Observed and potential climate change impacts on the service. Results of observations 
and climate change modeling for hydrological cycle and vegetation described in other sections of this 
report indicate escalation of the wildfire hazards in the region (Table 6.5). 
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Fig. 6.9 (cont.). Classification of the ASE forests by fire danger (I–III – maximum danger) in 2003 and 
percentage of the area affected by fires as compared with the total area of forest reserve land in 2003–2009. 
Data on the constituent entities of the Russian Federation within their administrative borders

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services

Table 6.5

Climate change impacts on fire hazards in the ASE

Climate change related hazards observed and potential impacts

Primary hazards

Long-term	temperature	rise,	droughts,	heat	waves Drying	 of	 small	 lakes	 and	 wetlands,	 demise	 of	 trees	 and	
increased	forest	inflammability

Rainfalls,	snowfalls,	storms,	hurricanes,	as	well	as	spring	
thaws	and	open	winters

Damages	 to	 and	 loss	 of	 trees,	 accumulation	 of	 highly	
inflammable	deadfall	and	wind-breakage

hazards mediated by wildlife

Propagation	 of	 vector	 diseases	 and	 pests	 (including	 the	
eight-toothed	bark	beetle)

Damages	 to	 and	 loss	 of	 trees,	 accumulation	 of	 highly	
inflammable	deadfall	and	wind-breakage

Source: prepared by the author (I.V. Gerasimchuk) using Roshydromet materials (Roshydromet, 2008) and other sections of this report

6.3.2.4. Provisioning of hunting, fishing and gathering products

Type of service:
● provisioning
Importance for local population (in accordance with the results of the Millennium Ecosystem 

Assessment: high, medium or low; assessment has been carried out for the Republic of Altai only):
● in respect of meat and fur – medium;
● in respect of medicinal herbs – high.
Current state (in accordance with the results of the Millennium Ecosystem Assessment: good, 

normal, fair, or poor; assessment has been carried out for the Russian part of the ASE):
● in respect of meat and fur – fair;
● in respect of medicinal herbs – fair.
Baseline indicators. The Altai-Sayan Ecoregion is one of the largest centers of traditional and 

commercial hunting of wild animals and cropping of wild plants in Russia. Key objects of hunting (both 
legal and illegal) are hare, boar, wolf, fox, otter, musk-deer, bear, lynx, Siberian red deer and other deer 
species, marmot, badger, many species of birds. Fishing targets include bream, crucian carp, common 
carp, roach, and perch. In gathering an important role is played by wild berries, mushrooms and medicinal 
herbs, brushwood, cedar nuts, wild-growing flowers and decorative plants, as well as wild honey. Such 
species of local plants as Hedysarum neglectum, Rhodiola rosea, Rodiola guadrefida, Ortilia secunda 
and others are used not only in traditional medicine, but also purchased from local population in 
commercial volumes by pharmaceutical companies (Siberian ecological center, May 19, 2008). Besides, 
the ASE is one of the key centers for commercial harvesting of cedar nuts in Russia (Bekh, 2008).

Real volumes of hunting and gathering are difficult to assess, especially due to the fact that its 
significant part is illegal and poses a threat to rare and endangered species (Smelyansky & Nikolenko, 
2010). External demand is an important factor of hunting and gathering of wild species in the region, in 
particular demand from China where wild species’ derivatives are used in traditional medicine.

Monetary estimates. Although market pricing exists for many products of hunting and gathering 
in the ASE, price signals of the legitimate and “black” markets can assist in the ecosystem service valuation 
only up to a certain extent. Firstly there are a lot of middlemen in the market, which leads to three, five 
and more times difference in prices for the same product all the way down the supply chain from hunter/
gatherer to end customer. Secondly, the value of direct use of rare and endangered species is much less 
than other value types and therefore cannot be analyzed separately. On these grounds, this analysis 
provides provisional estimates of the value of the ecosystem service for provisioning hunting, fishery 
and gathering products. Our estimates are based on the all-Russia average for bioresource services of 
specially protected nature areas calculated by A. Tishkov and equaling USD 3–5 per year per 1 ha (A. 
Tishkov, 2010, p. 5). If applied to the whole territory of the ASE not exposed to human impact (at least 
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three fourths of the region, or 50 M ha), this average puts the value of the ecosystem service at USD 150–
250 M per year, i.e. 1.5–2.5 times higher than the value of the ecosystem service for provisioning  timber. 
When capitalizing this flow of goods at the rate of 7.39%, the value of the ASE natural capital for the 
purpose of provisioning hunting, fishery and gathering products can be estimated at USD 2–3.4 B.

Development trends. Like all over the world, hunting, fishing and gathering of wild species in the 
ASE becomes more active during the periods of economic downturns. Given the weak diversification 
of the ASE economy, people who lose their jobs and other income sources often turn to appropriating 
business. This trend became apparent after the central planning system collapsed in the early 1990s 
(Smelyansky & Nikolenko, p.9) and during the 2008–2011 financial and economic crisis. Today many 
types of cropping business in the region, in particular illegal hunting and massive harvesting of medicinal 
herbs, undermine sustainable reproduction of ecosystem goods as they go beyond the limits of ‘natural 
dividends’ and deplete the natural capital itself.

Thus, future use of this ecosystem service depends firstly on the success of measures undertaken 
to reduce unemployment and diversify the economy in the region, and secondly, on the effectiveness 
of anti-poaching measures and efforts to prevent illegal export of native plants, wild animals and their 
derivatives outside the region, including to China.

Observed and potential climate change impacts on the service. Wildfires, earth flows, 
avalanches, mudflows and other extreme events that become more frequent due to climate change can 
inhibit access to hunting, fishing and gathering areas. In addition, climate change could complicate 
existence and reproduction conditions for certain threatened species of wildlife that are also objects of 
illegal cropping (see below), therefore these species require additional protection.

6.3.2.5. Provisioning of land and conditions for living and farming

Type of service:
● provisioning
Baseline indicators. About 1% of the Russian part of the ASE (6–7K km2) is used as land for 

settlements (cities, villages, etc.) and infrastructure facilities (roads, industrial plants, etc.). Distribution 
of the population is uneven. Urban population prevails (73–75% of the total population of the region). 
There are 31 urban settlements in the region, and there population density equals 1.5–2 thousand people/
km2. The largest cities are Krasnoyarsk (almost 1 M people), Kemerovo (about 520 thousand people), 
Novokuznetsk (about 560 thousand people), and Kyzyl (about 110 thousand people). In 2009 the four 
cities were included into Roshydromet list of industrial centers with extremely high air pollution levels 
(the list included about 30 Russian cities).

The share of rural population is approximately 25–27% with average density of 2.4 people/ km2. 
The least populated are rural areas of the Republics of Tyva and Altai where population density hardly 
reaches 1 person/km2. Villages and rural settlements are situated all over the territory of the region but 
are concentrated mostly in intermountain basins and valleys of large rivers.

Land of the agricultural reserve occupies approximately 130–150 K km2 of the ASE (about one fifth 
of the whole territory). However, based on official data, only 50% of these reserves are actually used for 
agriculture in Buryatia and Khakasia. In the Republic of Altai this ratio is higher and amounts to 90%. 
Therefore, only about 90–105 K km2 in the ASE are actually used for agriculture (Fig. 6.10). The main 
tilled lands lay in western areas of the ASE (south-eastern part of Altai Territory and central and southern 
parts of Kemerovo Region). In mountain areas agricultural lands are mainly used as pasture fields for 
grazing of sheep, goats, cattle, horses, deer (Siberian red and spotted deer) and yaks. Grazing livestock in 
the region also includes reindeer and camels; often the same herd includes different species of livestock. 
Traditional patterns of nomadic livestock husbandry based on seasonal migration and rotation of grazing 
areas have been sustained in certain areas of the Republics of Tyva and Altai.

Fresh-water aquaculture, in particular trout farming, is practiced in certain mountain areas of the 
ASE. Altai Territory is also one of the key Russian centers of honey production.

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services

Monetary estimates. In an ideal economy market price of agricultural land is a classical example 
of capitalizing flow of ecosystem goods that will be produced by the area during an undeterminably long 
period. However, for a number of institutional, legal and economic reasons land market in Russia has 
not fully developed, therefore the land values used for public projects are most commonly cadastral 
values. According to Rosnedvizhimost, in 2008 the average cadastral value of agricultural land in 
the Russian part of the ASE varied from RUB 0.09 to RUB 2.15 per m2 (for all types of agricultural 
land, Rosnedvizhimost, 2009, p. 216–217). Thus, the value of the capital of the ecosystem service for 
provisioning agricultural land in the ASE can be estimated at USD 2–2.6 B. The value of the respective 
flow of goods can therefore be put at USD 2–2.6 B per year. These estimates do not include the value of 
residential land. 

Development trends. The agricultural sector in the ASE, with the exception of Altai Territory, is 
stagnating and largely depending on federal subsidies. Human impact on agricultural ecosystems has 
reduced significantly as compared with the Soviet period.

At the same time irrespective of the significant reduction in livestock numbers for the last two decades, 
in contrast with nomadic practice, sedentary husbandry of livestock results in fast overexploitation, 
erosion and falling productivity of grazing lands in the Republics of Tyva, Altai, and, to a lesser degree, 
Khakasia. In its turn, overexploitation results in fast replacement of species and domination of inedible 
and poisonous plants on previously productive meadows. Reduced productivity of grazing lands leads to 
increasing pressures on them and enhanced competition for food between wild animals and domesticated 
livestock.

Fig. 6.10. Structure of the agricultural lands in the ASE, thousands km2. Data on the constituent entities of the 
Russian Federation within their administrative borders as of July 1, 2006
Source: prepared by the author (I.V. Gerasimchuk) based on the data of the All-Russian Agricultural Inventory (Rosnedvizhimost, 2008, 
p. 506–560)
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Economic development programs for Siberia envisage growth of domestic demand for local farming 
products and increase in investments in the regional agricultural sector. However, success of the industry 
development depends not only on the economic growth rates, but also on institutional factors including 
transport infrastructure development and land reform.

Observed and potential climate change impacts on the service. Climate change has both 
positive and negative impacts on the ASE agricultural ecosystems (Table 6.6). However, unlike in the 
world’s poorest regions located in southern or coastal areas, climate change in the ASE will not result 
in growing local demand for agricultural products. At the same time as climate change will complicate 
farming in other regions of the world (primarily due to droughts) foreign, in particular Chinese demand 
for agricultural products from the ASE can grow. However, as mentioned above, in order to satisfy 
this demand and develop regional agriculture it is necessary to modernize the relevant transport 
infrastructure.

Table 6.6

Climate change impacts on agricultural ecosystems in the ASE

Climate	change	related	hazards Observed	and	potential	impacts

Primary	hazards

Long-term	temperature	rise Longer		agricultural	season,	more	favorable	conditions	for	many	
cultivated	crops;
Reduction	of	the	area	of	certain	alpine	meadows	and	other	
territories	used	as	pastures

Droughts,	heat	waves Damages	to	and	loss	of	crop	plants,	increased		irrigation	needs	

Rainfalls,	snowfalls,	storms,	hurricanes,	as	well	as	spring	thaws	and	
open	winters

Damages	to	and	loss	of	crop	plants

Hazards	mediated	by	inorganic	nature

Floods,	earth	flows,	avalanches,	mudflows Inhibited	access	to	agricultural	land

hazards mediated by wildlife

Propagation	of	steppe	wildfires Damages	to	and	loss	of	crop	plants

Propagation	 of	 vector	 diseases	 and	 pests	 (including	 Colorado	
potato	beetle	and	acridoids)

Damages	to	and	loss	of	crop	plants

Hazards	mediated	by	people	and	economy

Increased	demand	for	agricultural	products Increased	exploitation	of	agricultural	ecosystems

Source: prepared by the author (I.V. Gerasimchuk) using Roshydromet materials (Roshydromet, 2008) and other sections of this report

6.3.2.6. Provisioning of fresh water and hydropower
Type of service:
● provisioning
Baseline indicators. The ASE is rich in water and hydropower resources pertaining to the basins 

of Rivers Ob and Yenisei. These resources have been actively utilized primarily for electricity generation 
(Fig. 6.11). For example, the ASE is home to Sayano-Shushenskaya hydro power plant (HPP), the largest 
hydropower power plant in Russia and the sixth largest HPP in the world by capacity. The hydropower 
industry plays an important role in terms of providing jobs. Many large HPPs are city-forming enterprises. 
A number of small HPPs operate in the ASE as well. At the same time as compared with the Soviet 
period production of hydropower dropped significantly and currently amounts to approximately 30–35 
B kW*h, or about one fifth of the total hydropower produced in Russia (Table 6.7).

All hydropower industry facilities were built in the Soviet time and are decrepit. As a result they are 
highly vulnerable to natural disasters and technogenic catastrophes. In August 2009 the largest accident 
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took place at Sayano-Shushenskaya HPP killing 75 people. The power plant was shut down completely 
and partially restarted only several months later. According to the information received from the Sayano-
Shushenskaya HPP owner, RusHydro, the plant capacity could be restored completely by 2014 at the 
earliest. The estimated cost of recovery exceeds USD 1 B (Vzglyad, August 19, 2009). The accident also 
had adverse ecological impacts (Rostechnadzor, October 3, 2009). 

Fig. 6.11. Water use in the ASE, M m3. Data on the constituent entities of the Russian Federation within their 
administrative borders, 2009
Source: prepared by the author (I.V. Gerasimchuk) based on Rosstat data (Rosstat 2010b, section 6)

* Part of water withdrawn from ecosystems is lost during transportation, but part of it is reused. Therefore aggregated data on water use 
and water withdrawal can differ.
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Table 6.7
Operating and planned hydropower plants with capacity of 300 MW and above  

in the Russian part of the ASE

Power system Installed capacity 
and average long-

term output

Development plans for the period 
to 2020

Krasnoyarskaya Hpp
Krasnoyarsk	Territory,	
Divnogorsk,	Angaro-Yeniseisky	Cascade,	River	
Yenisei

Krasnoyarskaya 6,000	MW
19,540	M	kW*h

No	change	

Krapivinsky Hydroelectric complex
Kemerovo	Region,	River	Tom’

Kuzbasskaya 300	MW
1,900	M	kW*h

Reactivation	of	uncompleted	
construction,	completion	and	launch	

before	2015

Sayano-Shushenskaya Hpp
Krasnoyarsk	Territory,	
Cheremushki	settlement,	Angaro-Yeniseisky	
Cascade,	River	Yenisei

Khakasskaya 6,400	MW
21,570	M	kW*h

Restoration	of	production	capacity	
after	the	accident	in	2009

Mainskaya Hpp
Krasnoyarsk	Territory,	
Cheremushki	settlement,	Angaro-Yeniseisky	
Cascade,	River	Yenisei

Khakasskaya 321	MW
1,640	M	kW*h

No	change	

tuvinskiye Hpps	(HPP	cascade) Tyvinskaya	 1,500	MW
6,530	M	kW*h

New	construction,		
launch	in	2016–2020

Source: prepared based on the General Layout Scheme of the Energy Sector Facilities for the period to 2020 (2008, plans developed 
before the 2008–2011 financial and economic crisis)

Monetary estimates. The cost of production of 1K kW*h of electric power at the regional HPPs 
depends on production volumes in a particular year, and currently varies within the range of USD 2–3 
(Press-Line, May 14, 2010). However, in 2011 an average market price in Siberia is forecasted at 
USD 18 per 1K kW*h (RIAN, October 7, 2010). Thus, the value of the region’s ecosystem service for 
provisioning hydropower is estimated at USD 450–560 M per year. When capitalizing the flow of 
goods at the discount rate of 7.39%, the value of the natural capital totals USD 6–7.6 B.

These estimates do not take into account the value of water resources used for other industrial and 
household purposes as well as water resources required to support all other ecosystem services in the 
region.

Development trends. The Russian part of the ASE is constantly in the focus of development 
plans by the government and various companies in terms of construction of large HPPs (Table 6.7), 
which include both new projects and completion of the construction that had been started in the Soviet 
time. There is also an ongoing discussion of proposed construction of small-scale HPPs, in particular 
Altaiskaya HPP with capacity of 140 MW on the River Katun in the Republic of Altai. All the projects 
envisage inundation of large areas and disturbance of ecosystems. Therefore these programs give rise 
to unfavorable criticism and litigation by environmentalists and the local community (Construction and 
Operation Efficiency of Large HPPs: Benefits vs. Damage, 2010). At the same time the financial crisis of 
2008–2011 has cooled down investors’ interest in new construction projects in the ASE and questioned 
the prospects for implementation of these plans. 

If there is a growing demand for the regional hydropower potential and a growth of electricity prices, 
the value of this ecosystem service will increase as well. 

Observed and potential climate impacts on the service. As opposed to many parts of the 
world, the ASE is not forecasted to experience water shortages. However, as described in detail elsewhere 
in this report, the analysis of the climate change impacts on the hydrological cycle testifies to potential 
changes in the structure of the regional water resources and their availability by season. There is a risk 
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of more frequent droughts in summer periods, which can result in increasing demand for irrigation and 
water supply for livestock supporting wells.

The service can also be significantly affected by the increased frequency and magnitude of extreme 
weather phenomena. Firstly, more intense spring snowmelt and potential sudden showers can cause 
floods that will affect resource usage mode, particularly by HPPs. Therefore construction of new large 
HPPs and dams in the region represent is a climate change maladaptation measure, because under 
new climatic conditions this can cause inundation or water-logging of even larger territories as well as 
rising aquifer levels. The floods can also contaminate water with hazardous substances from dumps 
and industrial facilities, sewerages and fertilized farmlands. As a result, both ecosystems and economic 
infrastructure can be damaged. Therefore preference shall be given to small-scale HPPs that are able to 
use the existing “natural infrastructure” (gorges, natural flow inclinations). 

Secondly, extreme phenomena (sudden showers, snowfalls, hurricanes, thaws and consequent 
ice coating) often cause accidents on hydropower and waterworks facilities. Taking into account the 
high degree of decrepitude of this infrastructure in the region, climate change can act as a catalyst of 
emergency situations. 

6.3.2.7. Mitigation and protection from floods, earth flows, avalanches and mudflows

Type of service:

● regulating
Importance for local population (in accordance with the results of the Millennium Ecosystem 

Assessment: high, medium or low; assessment has been carried out for the Republic of Altai only):
● in terms of flood prevention – high.
Current state (in accordance with the results of the Millennium Ecosystem Assessment: good, 

normal, fair or poor; assessment has been carried out for the Russian part of the ASE):
● in terms of flood prevention – normal.
Baseline indicators. In view of its mountainous landscape and abundance of water bodies, the 

ASE is frequented by natural disasters: floods, earth flows, mudflows and avalanches. In 1991–2005 
there were 31 hazardous floods in Altai Territory, 28 – in Krasnoyarsk Territory, and 14 – in Kemerovo 
Region. Duration of hazardous floods in the region amounted to 4–7 days (Semenov and Korshunov, p. 
6–12). The region is also seismically active.

Forests and other types of plant complexes act as natural buffers and are therefore of vital 
importance for exposed settlements and economic infrastructure situated in river and lake valleys 
as well as in mudflow and avalanche hazardous zones. According to the RF Ministry of Emergency 
Situations, the following locations on the territory of the ASE are listed as exposed to mudflow and 
avalanche hazards:

In Kemerovo Region: a section between 129 and 142 km of the Novokuznetsk – Abakan railroad; 
mountainous sections of the Novokuznetsk – Tashtagol railroad: Malinovka – Kuzedeyevo, Amzas – 
Kalary – Tashtagol: 437, 456, 457 km; railway station Kuzedeyevo, surveyor station No 9 at 44 km; 
a section of the motor road Kabyrza – Tashtagol near Tashtagol town; an area in Mundybash 
settlement; an in Podkatun Griva settlement (Tashtagol district); ridge Tigir-Tysh (Podnebesnye Zubja) 
(Mezhdurechinsky district).

In the Republic of Altai: sections of motor road Gorno-Altaisk – Choya – Verkh-Biysk 75.2–75.3 km 
(Choisk district); motor-road Aktash – Ulagan – Balaktyul 5.2–5.4 km (Ulagan district); motor road 
Kosh-Agach – Dzhazator 95.0–95.6; 100.0–100.2; 138.0–138.8 km (Kosh-Agach district).

In Krasnoyarsk Territory: Buybinsky pass area (the Federal highway М 54 – 600–604 km) 
(Yermakovsky district); 26–28 km of the Federal highway R-01 Kuragino – Cheremshanka (Kuragino 
district).
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In the Republic of Tyva: sections of the Federal highway М 54 Krasnoyarsk – Abakan – State Border 
Yenisei, 595–620, 698–714, 969–981 km (avalanche hazardous depth of snow – 75–100 cm), sections of 
territorial motor road А-161 Abaza – Ak-Dovurak, 210–227, 298–312, 379–386 km (avalanche hazardous 
depth of snow – 80–120 cm).

Monetary estimates. The most extensive expertise of valuation of the ecosystem services for 
protection from extreme weather phenomena has been accumulated for the European Alps that 
are similar to the ASE in terms of their landscape. Therefore we can use the benefit transfer method 
and, with a number of adjustments, extrapolate the assessments obtained for the Alps to the Russian 
part of the ASE. In particular, the ecosystem service for mitigation of and protection from hazardous 
hydrometeorologic events provided by the Alpine forests in Switzerland on the area of 2.1K km2 has been 
valued at  USD 2–3.5 B per year (Dudley et al., p. 50). Adjusting for the differences in price levels6 and 
the population density7, the value of ecosystem services for mitigation of and protection from floods, 
avalanches, mudflows and earth flows in the ASE can be estimated at USD 20–35 M per year. When 
capitalizing the flow of goods, the value of the natural capital for providing this service amounts to 
USD 270–470 M. These estimates are provisional, as they do not take into account the differences in 
landscape features and allocation of the economic infrastructure in the ASE and in Switzerland.

Development trends. Soil erosion, deterioration of forests and other plant complexes leads to 
loss of ecosystems’ protective functions. The economic activities that may have such adverse impacts are 
limited in the ASE. At the same time due to poor transport accessibility timber harvesting and agricultural 
activities are often concentrated in small areas, which may lead to degradation of natural barriers to 
floods, avalanches, earth flows and mud flows. 

In view of the ASE development plans, including those of constructing hydropower plants and tourist 
mountain camps, this ecosystem will be in increasing demand, and its value will grow.

Observed and potential climate change impacts on the service. Like elsewhere in the 
world, the number and magnitude of hazardous hydrometeorologic events in the ASE are forecasted to 
grow. This particularly refers to snow melt floods, rain floods and thaws causing avalanches. However, 
protective forest belts on mountain slopes are exposed to wildfires exacerbated by climate change. 
Moreover, bioclimatic models predict a gradual shift of forests upward the hillsides. Thus due to climate 
change the actual volumes of the service supply can decline.

6.3.2.8. Cultural and amenities ecosystem services 

Importance for local population (in accordance with the results of the Millennium Ecosystem 
Assessment: high, medium or low; assessment has been carried out for the Republic of Altai only):

● medium.
Current state (in accordance with the results of the Millennium Ecosystem Assessment: good, 

normal, fair, or poor; assessment has been carried out for the Russian part of the ASE):
● normal.
Baseline indicators. The ASE ecosystems have a historical, cultural and religious significance for 

indigenous people. The ASE is home to two sites inscribed on the UNESCO World Heritage List. The first 
one – Golden Mountains of Altai – includes 5 important natural areas in the Republic of Altai: Altaisky 
and Katunsky Biosphere Reserves (I category of protected area according to IUCN classification), Ukok 
Plateau, Lake Teletskoye with adjacent cedar taiga and Mount Belukha. The second one – Uvs Nuur 
Basin – is located around the closed basin formed by Lake Uvs Nuur and adjacent territories on the 
Russian-Mongolian border. This site includes 12 specially protected nature areas represented by clusters 
of Ubsunorskaya Kotlovina Biosphere Reserve. 

6  2005 Price Index used by the World Bank Group is 45 points for Russia and 140 points for Switzerland (100 points is the US price level). 
ΙBRD, 2008, p. 41.

7  In 2008 the average density of population in the Russian part of the ASE amounted to approximately 6 people / km2, in Switzerland – to 
190 people / km2
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The ASE has unique recreational and remedial resources; special interest tourism and sports 
activities are well developed: mountain-skiing and mountain-walking, equestrian tours, water activities, 
cave exploration, mountain climbing, hunting, fishing, rafting and other types of experiential tourism, 
radonotherapy and therapeutic muds and spa treatment. Key tourist attractions (within the ASE) include: 

In the Republic of Altai: Lake Teletskoye; Altaisky and Katunsky Biosphere Reserves; Mount Belukha; 
Ukok Plateau, caves; mountain skiing pistes; burial barrows;  Ulali early man site.

In the Republic of Khakasia: Sayano-Shushenskaya HPP; burial barrows; remains of ancient 
settlements, fortresses, stone images and carvings (Neolithic rupestrian drawings); mountain skiing 
pistes; mineral water springs; Dikoozerskoye radon water springs.

In the Republic of Tyva: Ubsunorskaya Kotlovina Biosphere Reserve; Arzhaan barrow (Scythian 
culture); Uigur forts ruins; Verkhne-Chadanskoye and other Khurees (Buddhist religious houses); 
Orkhon Turkic scripts (about 150 stones with writings); Camel Rocks; Genghis Khan Pathway; local 
history museum «60 Bogatyrs»; the geographic centre of Asia (Kyzyl city); Lake Todzha; mountain skiing 
pistes; balneotherapeutic health resort Ush-Beldir; mud cure resort Cheder.

In Altai Territory: archaeological and ethnographical sites; mountain skiing pistes; the Federal health 
resort Belokurikha (thermal springs with low-salt radon water with increased concentration of silicic acid).

In Krasnoyarsk Territory: Stolby State Nature Reserve; mountain skiing pistes.
In Kemerovo Region: mountain-walking routes in Mountain Shoria; mountain skiing pistes; Shorsky 

National Park; remains of ancient villages, fortresses, stone images and carvings (rupestrian drawings); 
carbonic acid water springs in the basin of Verkhniy Ters river.

Tourist attractions of the ASE are frequented by local people and visitors from large Siberian cities 
(Krasnoyarsk, Kemerovo, Novokuznetsk, Novosibirsk, Tyumen, Tomsk, Omsk), visitors from other 
regions of Russia including Moscow and even foreigners. According to the study carried out by Rosstat 
in 2003 at least 1 M tourists, including 50 thousand foreigners were accommodated in hotels, vacation 
houses and recreation camps, holiday centers and similar facilities (Fig. 6.12). These numbers do not 
include tourists accommodated as private guests or in tents and therefore not covered by Rosstat.

Since 2003 the tourist flow in the region has increased significantly. This contributes to creation 
of new jobs in the ASE. Based on Rosstat data, in 2009 the number of people employed in hotel and 
restaurant business on the territory of the ASE totaled approximately 70 thousand people (Rosstat, 
2010a, p. 112–113).

Fig. 6.12. Number of tourists accommodated in hotels and holiday centers of the ASE, thousand people. Data 
on the constituent entities of the Russian Federation within their administrative borders, 2003
Source: prepared by the author (I.V. Gerasimchuk) based on Rosstat data (Rosstat 2004, p. 22–228)
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Monetary estimates. One of the methods commonly used to estimate the value of cultural and 
amenities services provided by ecosystems is the travel cost method. Assuming that the annual number 
of Russian tourists in the ASE region amounts to 2 M people and the annual number of foreign tourists 
totals 50 thousand people, while the average travel cost to visit the ASE amounts to USD 15–30 and 
USD 150–300, respectively, the value of the cultural and amenities service of the Altai-Sayan ecosystems 
can be estimated at USD 38–75 M per year. After capitalization, the natural capital of the ASE in terms of 
its cultural and amenities services can be estimated at USD 0.5–1 B. This estimate is very conservative, 
as most likely it does not include real numbers of tourists and the real cost of their travel. At the same 
time the low value of these ecosystem services is currently conditioned by their very insignificant use – in 
many countries the number of tourists visiting comparable natural attractions is manifold bigger than 
in the ASE.

Development trends. The inflow of tourists in the ASE increases steadily. To a large extent this 
processes is accounted for by unorganized, uncontrolled tourism that is threatening ecosystems. The 
tourists contribute to accumulation of garbage, an increasing number of forest and steppe wildfires, 
pollution of rivers and lakes. Housing and other infrastructure is built haphazardly. Some tourists are 
involved in illegal hunting and fishing. In particular, the tourist inflow endangers biodiversity in the 
areas adjacent to  Lake Teletskoye and on Ukok Plateau (Republic of Altai), in Khakasia, in Stolby State 
Nature Reserve in the southern part of Krasnoyarsk Territory, in Mountain Shoria (Kemerovo Region), 
around Mount Belukha.

At the same time, tourism generates revenues that are an important source of funding for deficit-
ridden budgets of the local natural, cultural and historical sites. The region needs to establish channels 
and infrastructure for a rational development of tourism that will not cause damage to ecosystems. 

The Strategy of Siberia Development for the period to 2020 and the programs of the individual 
regions attach significant importance to promoting tourism as a way to diversify the economy and attract 
additional investments, in particular in the depressed rural areas. At present out of the eight special 
touristic and recreational economic zones approved by the Russian Ministry of Economic Development, 
two are being established in the ASE: Altai Valley (the area totals 856.86 ha in the Republic of Altai) and 
Turquoise Katun (the area totals 3,328.11 ha in Altai Territory). The status of special economic zones 
shall assist in attracting investments into the region in order to develop the tourism infrastructure. The 
tourism related investment projects, in particular for development of alpine ski resorts are envisaged 
outside the special economic zones as well, for example in Kemerovo Region and Krasnoyarsk Territory. 

As the number of tourists visiting the ASE increases, the value of the regional cultural and amenities 
ecosystem services will grow rapidly. However to maintain the flows of services provided by the 
ecosystems, sustainable development principles should be integrated in activities of all participants of 
the tourism chains.

Observed and potential climate change impacts on the service. Climate change has both 
positive and adverse impacts on the cultural and amenities ecosystem services in the ASE. On the one 
hand, a rise in average temperatures will lead to a certain increase in the duration of the summer tourist 
season and, consequently, the tourists’ inflow. This will enhance the value of the service but given its 
haphazard nature, the tourists’ inflow can also ruin the natural capital.

On the other hand, increased frequency and magnitude of hazardous hydrometeorologic events poses 
a threat to tourism. The long-term rise of temperature also can have adverse impacts on certain types of 
tourism, for example, alpine skiing that in a number of regions is viewed as an investment priority. In 
this regard the ASE needs to take into account the experience of the tourism sector in Switzerland, where 
climate change has been resulting in deglaciation and lack of snow in winter period. Therefore in certain 
areas of Switzerland with developed mountain ski pistes the lack of natural snow is compensated with 
artificial snow.

6.3.2.9. Maintaining natural habitats for biodiversity

Type of service:
● provisioning;
● regulating.
Importance for local population (in accordance with the results of the Millennium Ecosystem 

Assessment: high, medium or low; assessment has been carried out for the Republic of Altai only):
● high.
Current status (in accordance with the results of the Millennium Ecosystem Assessment: good, 

normal, fair, or poor; the assessment has been carried out for the Russian part of the ASE):
● fair.
Baseline indicators. The ASE is a recognized biodiversity hotspot of global importance, one of 200 

priority ecoregions included by WWF in the Live Planet Campaign. At the same time many local species 
of animals and plants including endemics (i.e. species not known elsewhere) are threatened (Table 6.8). 
Threats to the ASE biodiversity include poaching, habitat fragmentation caused by human economic 
activity, and climate change. A network of specially protected nature areas has been established in the 
region for biodiversity protection (see below).

There are two so-called “flagship” species dwelling in the ASE – the Snow Leopard (Uncia uncia) 
and the Argali (Ovis ammon ammon L.), the largest mountain sheep in the world. Both species are 
often viewed as indicators of well-being of the whole regional ecosystem, therefore their conservation is 
intimately associated with conservation of the entire high mountain complex (see other sections of the 
report for more detail).

Table 6.8

Biodiversity in the ASE. Data for the entire region  
(the territories pertaining to Russia, Mongolia, Kazakhstan and China)

Group all species rare and endangered species Endemics 

Plants	(vascular) 3,726 700 318

Mammals	 143 57 16

Birds	 425 202 17

Reptiles	 25 7 1

Amphibians	 8 5 -	

Fish	 77 17 5

Source: www.altai-sayan.com

Monetary estimates. Among all ecosystem services, biodiversity causes the most heated debates 
in terms of the use of various valuation methods. Genetic diversity of species is of great importance as a 
resource for agriculture and the pharmaceutical industry. With respect to this function it is possible to 
determine the direct use value of biodiversity. However, maintenance of biodiversity also has a regulating 
function in terms of supporting the overall well-being of ecosystems. Biologists and environmentalists do 
not completely understand this function (Dudley et al., p. 69), therefore economists cannot establish the 
value of such indirect use of biodiversity. 

Biodiversity-related ecosystem services also have an extremely important option value, bequest value 
and existence value. Furthermore, the accuracy of valuation directly depends on the completeness of 
scientific and practical knowledge about biodiversity. For example, it is very likely that medicines for 
diseases currently considered irremediable (cancerous diseases, AIDS, etc.) do exist in nature, but they 
have not been discovered yet. If species responsible for production of such drugs are found, their value 
will instantly go up a hundred times. 

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services
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Naturally, the values of endangered and common species are completely different. A number of 
scientists are adamant in rejecting any valuation of endangered species or believe their value is infinitely 
high. Besides, the value of biodiversity does not come down to aggregating values of individual species, it 
is the value of the entire ecosystem diversity representing various synergies. Therefore in order to value 
biodiversity, first of all it is important to value natural habitats (Panayotou, 1994).

Funding of specially protected nature areas by the Russian government (from the Federal Budget 
and budgets of the RF entities), international organizations and corporate and individual charitable 
donations is the only available indicator of “willingness to pay” for conserving biodiversity in the ASE. 
Given the fact that the average funding of SPNA in Russia amounts to USD 3–4 per 1 ha (Tishkov, 2010, 
p. 5), while the total area of SPNAs in the Russian part of the ASE is approximately 65K km2, the value 
of the ecosystem service on maintaining natural habitats for biodiversity can be estimated at USD 20–25 
M per year. Upon capitalization of this flow, the value of the relevant natural capital can be estimated at 
least at USD 270–340 M For reasons described above this estimate is obviously understated, which is 
confirmed by the fact that overseas expenses for protecting comparable natural territories are manifold 
higher. 

At the same time federal and regional authorities express their ‘willingness to pay’ for this service 
not only by funding SPNAs' needs, but also by allocating about 65K km2 of land for this purpose in 
the Russian part of the ASE. Based on Rosnedvizhimost data, in 2008 the average cadastral values of 
SPNAs in the Russian part of the ASE varied from RUB 0.55 to RUB 3.1 per m2 for the group I, and  from 
RUR 25.6 to RUR 365.24 per m2 for group II (Rosnedvizhimost, 2009, p. 243). Variation of cadastral 
values of the forest reserve land in the region is slightly less: from RUB 1.71 to RUB 3.75 per m2. Thus, 
if we base our estimates on the cadastral value of the forest reserve land (as the value of alternative use 
for land of most SPNAs), the value of the natural capital of the ASE specially protected nature areas can 
amount to USD 370–810 B, while the value of annual flow of goods related to maintaining habitats for 
biodiversity can be valued at USD 27–60 B (at the discount rate of 7.39%).

Development trends. The ASE biodiversity faces growing pressures from economic activities, 
tourism and poaching (see above as described with respect to the ecosystem service for provisioning of 
hunting and gathering products). Thanks to the aid of international organizations (INDP/GEF, WWF, 
IUCN, etc.) and Russian authorities the network of specially protected nature areas in the region is 
gradually expanding. However the results of the Millennium Ecosystem Assessment carried out for the 
ASE in 2003–2004 indicate that the state of this ecosystem service has been deteriorating.

Current plans of the regional economic development envisage extensive exploitation of mineral 
deposits and construction of large industrial and infrastructure objects such as hydropower plants, 
cement factories, tourist complexes, railroad Kyzyl – Kuragino, and cross-border highways connecting 
Russian, Mongolian, Kazakhstan and Chinese parts of the ecoregion. There has also been a discussion 
of a possible construction of the Altai gas pipeline from Russia to China via the territory of the 
National Park Ukok Quiet Zone in the Republic of Altai (pertains to the Golden Mountains of Altai 
inscribed on the UNESCO World Heritage List), but these plans were suspended in 2008 in view of 
public protests and an admonishing resolution by UNESCO (WWF Russia, 2008). There is also an 
ongoing confrontation between environmentalists and investors interested in constructing the Altai 
hydropower plant in the Republic of Altai. 

Overall, similar construction projects are often implemented in different regions of Russia without 
due assessment of environmental impacts and consultations with independent experts and stakeholders. 
Russian realities demonstrate that local communities and staff of SPNAs often find out about such 
projects when construction has already started, which results in conflicts and lost opportunities for 
finding solutions acceptable for both the economy and the environment.

If the conservation needs are ignored in the ASE, implementation of economic development plans in 
the region can lead to fragmentation of natural wildlife habitats, including habitats of the snow leopard 
and argali, and dropping population numbers. As a result, isolation of small groups of animals can lead 
to their genetic degradation and extinction. 

Observed and potential climate change impacts on the service. In view of the mountainous 
landscape of the ASE, the natural adaptation of local species to climate changes takes form of their 
movement upward the mountain slopes. However the rate of man-induced climate change exceeds 
that occurring within natural climatic cycles, and under these conditions species adaptation can be 
complicated (see other sections of the report for more detail). Moreover, the pace of “vertical” movement 
of plants and animals feeding on those plants are different. For alpine species including the argali the 
‘upward migration’ results in fragmentation and narrowing of their habitats (Table 6.9).

Table 6.9

Climate change impacts on natural habitats for  biodiversity in the ASE

Climate change related hazards observed and potential impacts

Primary hazards

Long-term	temperature	rise Movement	of	ecosystem	“belts”	upward	the	mountain	slopes,	
narrowing	and	fragmentation	of	alpine	species	natural	habitats.	
Longer	duration	of	the	summer	season	when	access	to	fodder	is	
easier

Snowfalls	and	spring	thaws	resulting	in	the	formation	of	ice	crust Inhibited	access	to	fodder	for	animals

Open	winters Damages	to	and	loss	of	plants,	reduced	fodder	stocks	for	animals

Droughts,	heat	waves,	rainfalls,	thunderstorms	and	hurricanes Damages	of	and	loss	of	plants.	Deterioration	of	animal	live	support	
conditions,	including	fodder	base

hazards mediated by inorganic nature

Floods,	earth	flows,	avalanches,	mudflows Barriers	to		migration	of	animals

hazards mediated by wildlife

Propagation	of	forest	and	steppe	wildfires Damages	to	and	loss	of	plants.	Deterioration	of	animal	live	support	
conditions,	including	fodder	base

Propagation	of	vector	diseases	and	pests	 Damages	to	and	loss	of	plants.	Increased	numbers	of	diseased	
animals,	deterioration	of	animal	live	support	conditions,	including	
fodder	base

Propagation	of	alien	species Extrusion	of	native	species	

hazards mediated by population and economy

Increased	demand	for	agricultural	products Increased	exploitation	of	agricultural	ecosystems

Source: prepared by the author (I.V. Gerasimchuk) using Roshydromet materials (Roshydromet, 2008) and other sections of this report

In view of climate change the demand for the ecosystem service for maintaining natural habitats is 
forecasted to grow all over the world. With respect to the service provided by the ASE ecosystems, this 
demand will grow on behalf of the global rather than local community. In particular, the demand can 
grow with respect to the medicinal herbs and wildly growing ancestors of cultivated crops native to the 
ASE. As a rule wild ancestors of cultivated plants are more resistant to climate change (Dudley et al).

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services
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6.4. oPPortUNItIEs aND MEasUrEs For ClIMatE ChaNGE 
aDaPtatIoN IN thE asE 

6.4.1. the nexus between the asE economic development plans and the 
required climate change adaptation measures

It should be highlighted that the ASE is assigned a key role in implementing development plans for such 
economic sectors of Siberia as hydropower generation, mineral extraction, transport and tourism. If 
these plans are fully or partially implemented without due consideration of potential climate change 
impacts, the ASE’s vulnerability could increase significantly. 

Therefore climate change adaptation measures in the region require mainstreaming of climate 
change considerations into the current economic development plans rather than retrofitting the existing 
infrastructure. Timely and effective consideration of climate change related hazards will prevent damages 
and additional expenses on adaptation in the future.

At the same time mainstreaming climate change hazards into the development plans for the 
regional economy and specially protected nature areas requires coordination of actions between the 
federal authorities and the administrations of the RF constituent entities pertaining to the ASE, as 
well as between the authorities and other stakeholders – local communities, businesses, civil society 
organizations, representatives of the foreign countries the territories of which are also comprised in the 
ASE (Mongolia, Kazakhstan and China), as well as the world community including donors (GEF, UNDP, 
etc.). At present such coordination is lacking. In particular, if focused exclusively on specially protected 
nature areas, many adaptation measures can fail, because they have to be integrated with the overall 
situation in the region. 

Nevertheless, the current state of affairs also has a positive side. Climate change is a new challenge 
to the region, and it could necessitate integration of social, economic and conservation-oriented plans of  
the ASE development and therefore provide a platform for a dialogue and coordination of activities of all 
stakeholders.

6.4.2.  Institutional solutions for climate change adaptation in the asE
Ecosystem-based management could be key for addressing the lack of coordination among various 
authorities and stakeholders in the ASE with respect to conservation issues and climate change related 
hazards. Such approach has proved useful in several countries that are, like Russia, federations: in the 
USA, Canada, Germany, Australia, Mexico, Brazil, and Malaysia where it has been primarily used for 
marine and aquatic ecosystem management (Slocombe, 1998, Quinn, 2002).

One of the most successful projects has been the application of this approach to rehabilitation of the 
Great Lakes ecosystems on the US-Canada border. A number of new institutions, including the Great 
Lakes Commission comprised of representatives of the respective states of the US and Canada, have been 
established in order to coordinate interests of various federal and regional agencies as well as all other 
stakeholder groups (Environmental Law Institute, 2007, p. 5).

The world community has been gradually accumulating expertise in applying the ecosystem-based 
management approach to forests and some other terrestrial ecosystems (Schlaepfer et al., 2002, Canada 
Natural Resources, 2009). Meanwhile, applying the ecosystem-based management approach to climate 
change adaptation is a completely new area, and the ASE could become one of the first regions in the 
world where such synthesis will be tested with respect to terrestrial ecosystems.

As of today climate change represents not only the ‘hottest’ environmental issue discussed globally, 
but also an issue addressed with a wide range of ‘pilot’ economic tools: trade in emission allowances, 
the Clean Development Mechanism and Joint Implementation projects under of the Kyoto Protocol 
to the UN Framework Convention on Climate Change, carbon tax, clean energy subsidies, energy 
efficiency improvements and greenhouse gas emission reductions, carbon footprint disclosure, 
voluntary obligations to reduce emissions undertaken by businesses as a competitiveness tool, and 
many others. 
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The overall carbon market continued to grow in 2009, reaching a total value transacted of about 
USD 143.7 B (World Bank 2010, p. 1). Moreover, at the XVI Conference of the Parties to the UN 
Framework Convention on Climate Change in Cancun in December 2010 it was decided to establish a 
Green Climate Find. The Fund will serve as a conduit of a considerable share of the global carbon finance 
and is envisaged to accumulate USD 30 B in 2010–2012. It is also envisaged that the Fund’s  financing 
increases to USD 100 B per year by 20208. However, these funds are designated for developing countries 
only. Nevertheless, some other, primarily bilateral cooperation channels can be applied to the ASE as 
well.

Until recently Russia has remained virtually uninvolved in numerous international projects of 
climate financing. Under the Kyoto Protocol Russia can participate in Joint Implementation projects 
aimed attracting foreign investments for reducing greenhouse gas emissions on the territory of countries 
listed in Annex I to the UNFCCC, including transition economies. 

Theoretically, in the entire carbon sequestration is included in ecosystem services, the ASE can play 
an outstanding role (in this case the value of the services will total at least USD 18.5 B per year; see 
the ecosystem services analysis above). The UNFCCC applies a different approach. Only specific project 
activity aimed at increasing carbon stock as compared with the baseline (what would happen without 
this activity) could be subject to carbon finance. But even here the ASE enjoys many opportunities. Even 
considering the fact that the European Trading Scheme does not accept any removal units generated by 
forestry projects, there is still an option of the so-called voluntary carbon offsets. Their value (per tonne 
of sequestered СО2) is 5–10 times less than that of regular units, but taking into account the scale of 
potential sustainable forest management projects we cannot afford discarding this opportunity.

In principle, financing can be sourced through selling carbon offsets to international companies 
under the voluntary schemes of reducing corporate ‘carbon footprints’. For example, many foreign 
airlines (British Airways, Lufthansa, KLM, Air France and some others) run programs enabling their 
passengers to offset emissions from flights. At present passengers of these airlines flying to Russia have 
an opportunity to make a voluntary payment (in cash or with frequent flyer bonus points) for planting 
trees in a number of tropical regions to offset their ‘carbon footprint’. Today there are no insurmountable 
obstacles to including the ASE into such international offsetting schemes.

A similar scheme can be used for Russian airlines operating in the region (Aeroflot, S7, etc.). This can 
be particularly relevant because the forthcoming extension of the European Trading Scheme to the air 
transportation sector will soon result in compulsory requirements to airlines to pay for their emissions. 
This requirement will also affect Russian companies operating flights to and from Europe.

An option to offset their “carbon footprint” under the slogans of ‘saving climate in the geographic 
centre of Asia’ can be very appealing to certain companies not only as part of their corporate social 
responsibility but also as a marketing tool.

However, in the near future the ASE can hardly rely on international financing of forestry projects. In 
these circumstances it is expedient to join forces of all stakeholders, in particular: 
●  federal agencies (the RF Ministry of Emergency Situations, Ministry of Economic Development, 

Ministry of Natural Resources and Environment also supervising Rosprirodnadzor, Roshydromet 
and Rosvodresursy, as well as  Rosleskhoz accountable to the RF Ministry of Agriculture); 

● administrations of the RF constituent entities pertaining to the ASE (Republics of Altai, Tyva and 
Khakasia, Buryat Republic, Altai and Krasnoyarsk Territories, Irkutsk and Kemerovo Regions);

● international donors capable of operating in countries other than developing nations;
● financial institutions (World Bank, International Finance Corporation, European Bank for 

Reconstruction and Development, Sberbank as the operator of Russian emission reduction units, 
VEB as the Russian Development Bank, Eurasian Development Bank representing both Russia and 
Kazakhstan as another country whose territory pertains to the ASE, insurance companies);

8  http://unfccc.int/files/meetings/cop_16/application/pdf/cop16_lca.pdf
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● major companies operating in the region or planning to start business there (Russian Railways, 
RusHydro, SUEK, RUSAL, NITOL, certain tour operators);

● civil society organizations representing both conservation interests and interests of the indigenous 
people of the ASE.
As Russia joins international carbon markets (in the long-term, for instance in 10–20 years), including 

under a new global agreement replacing the Kyoto Protocol, the ASE can implement many special large-
scale projects in the area of CO2 sequestration by terrestrial ecosystems.

6.4.3.  Complex solutions for climate change adaptation in the asE by 
sectors of the economy 

Overall, all climate change adaptation measures can be classified as: 1) ‘no-regret’ measures beneficial 
for all stakeholders, and 2) measures with adverse effects for certain interest groups. Measures within the 
first group take priority and can be implemented irrespective of the remaining high degree of uncertainty 
about climate change processes in the region. Adaptation measures within the second group require 
more detailed information about potential climate change impacts in the region, and therefore their 
analysis in this report would be premature. 

Below we analyze some complex ‘no-regret’ measures appearing beneficial for all or the majority 
of stakeholders including specially protected nature areas. This analysis does not pretend to be 
comprehensive as each particular case requires a detailed analysis of social and economic benefits and 
costs.

Transportation. At present due to the undeveloped transport infrastructure exploitation of 
ecosystem services (recreation, logging, harvesting of cedar nuts, mushrooms and medicinal herbs, etc.) 
occurs in a limited number of ‘access points’. As a result, ecosystem services in those areas are overused 
and their condition is deteriorating. Besides, due to lack of roads only air transport can be used for 
emergency management including in situations resulting from climatic hazards (wildfires, floods, etc.).

Therefore in the course of developing the ASE climate change adaptation strategy it is necessary to:
●  integrate information about climate change impacts on the transport sector into road construction 

programs of the ASE. This information should include assessment of risks related to more intense floods, 
earth flows, avalanches, and mudflows and be taken into account in respective engineering designs and 
protective measures;

●  design the ASE transport infrastructure development plans ensuring the load on ecosystems is 
evenly distributed. This is particularly relevant to the transport infrastructure integrated with development 
of new mineral deposits and creation of the special tourist and recreation economic zones in the region. 
The infrastructure development plans should take into account the existing configuration of the specially 
protected nature areas and plans for their expansion. Preference should be given to environment friendly 
road designs.

Industrial infrastructure and housing and utilities sector. Due to the high degree of 
decrepitude industrial and housing facilities the ASE are frequented by technogenic disasters and accidents. 
Moreover, the sector’s vulnerability is aggravated by the very nature of its industrial specialization: the 
largest accidents occurred in coalmines (Ulyanovskaya, 2007; Yubileynaya, 2007; Raspadskaya, 2010) 
and at hydro-power plants (Sayano-Shushenskaya, 2009). Climate change related hazards can catalyze 
such accidents. Therefore climatic hazards should be taken into account when making decisions on 
retrofitting or decommissioning of the existing industrial and housing facilities.

Therefore when developing new hydropower resources in the region, preference should be given 
to small-scale HPPs that are able to use the existing ‘natural infrastructure’ (gorges, natural flow 
inclinations). Economically, small-scale HPPs appear less commercially attractive as compared with 
large power plants because high profitability of the hydropower industry to a large extent depends on 
the economies of scale needed to repay high capital expenditures. However due to increasing criticism 
of large dams, small scale HPPs attract increasing attention of international investors. International 
investors such as the European Bank for Reconstruction and Development and the International Finance 
Corporation (both are quite active in Russia) can also participate in ‘greener’ development of the ASE 
hydropower resources. 

Specially protected nature areas (SPNAs). Quite often SPNAs represent turnkey solutions 
for adaptation of ecosystems to climate change. By definition specially protected nature areas ensure 
integrity of natural communities and their protection from direct human impacts leading to biodiversity 
loss, modification of ecosystem properties, and, consequently, their increasing vulnerability to climate 

change. Thus, through conserving the natural capital itself, SPNAs support the flows of ecosystem 
services.

The ASE specially protected nature areas face a number of development challenges that can be 
addressed only through complex approaches and integration of the nature conservation plans and the 
ASE economic development programs. Talking specifically in terms of climate change, special attention 
should be paid to the protected areas’ function of supporting and protecting ecosystem services that are 
most vulnerable to climate change, in particular: mitigation of and protection from wildfire propagation; 
mitigation of and protection from floods, earth flows, avalanches and mudflows and maintaining natural 
habitats for biodiversity.

Wildfires prevention requires development of the entire complex of relevant measures in the SPNAs 
including awareness campaigns, creation of specially equipped tourist and camping areas closely 
monitored against fire emergencies, organizational and technical measures, purchase of new monitoring 
and fire-fighting equipment, development of early warning systems, etc.

Maintaining natural habitats for wildlife is the primary function of specially protected nature areas. Its 
successful performance under climate change depends on the efficient resolution of the entire complex of 
current and strategic problems facing the protected areas in the ASE. First of all it is necessary to secure 
stable funding for nature conservation activities in the Special protected areas.

Certain expenses incurred by the protected areas can be transferred to insurance companies. Like 
weather derivatives used in some African countries to cover farmers’ losses in case of droughts, similar 
derivatives can be introduced to the SPNAs to cover expenditures on feeding and other supporting 
measures for animals that suffered from heavy snowfalls or ice crust caused by thaws (inhibited access 
to fodder), floods, droughts, avalanches, etc. Under this model, the insured party (protected areas in 
this case) purchases a contract defining weather events under which it is eligible for compensations. If 
the phenomenon occurs (e.g. the flood rises above a certain level), it is usually not required to prove the 
actual damage to receive a compensation under the weather derivatives schemes.

Tourism sector. Plans of constructing tourist and recreational facilities in the ASE should take 
into account the existing configuration of the SPNAs and plans for their expansion. For the sector’s 
sustainable development, diversification is important and should include development of various types 
of adventure, experiential, educational and environmental tourism. Integrating these types of tourism 
into the activities of protected areas can create additional sources of revenues for nature conservation. 
Educational tourism provides an excellent opportunity to distribute information about climate change, 
the need for wildfire preventing measures and overall nature conservation needs in the ASE.

6. Adaptation actions: observed and forecasted climate change impacts on population, economy and ecosystem services
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7. MAJOR INFORMATION GAPS AND DIRECTIONS OF 
FURTHER STUDIES1

Although global climate models and scenarios have evolved very actively and successfully in recent 
years, they are still not sufficient for developing forecasts with the level of detail required for the ASE. 
Due to the absence a multiyear-averaged climate profile of the ASE, such as sea level or ice condition 
(Arctic Region), forecasting the frequency and intensity of extreme hydrometeorological events (EHE) 
has a key role. However, there is no forecast of severe weather events on both global and regional level. 
The global nature of climatic processes and their variations make it difficult to look ahead and develop 
a regional model unconnected to global ones capable of providing useful estimates of EHE. This gap 
will probably be closed within the next 5–10 years, but for now we have to develop, plan and undertake 
measures based on a precautionary approach and estimated forecasts of future climate change in the 
ASE.

Additional information shall be collected simultaneously to obtain the most accurate forecasts at 
the earliest opportunity. Potential negative trends in local fluctuations of climatic parameters should be 
identified directly in the specially protected nature areas, as these areas are the least exposed to human 
impact and are crucial for the protection of biodiversity and natural ecosystems. It can be suggested that 
an automated observation station network be established to monitor meteorological parameters in the 
specially protected nature areas. It should be noted that such stations shall have objectives different from 
those of the existing hydro-meteorological network.

The existing network is sufficient for obtaining data and preparing averaged forecasts for climate 
change in the ASE, but this data is not enough to understand microclimatic conditions in the locations 
that are the most important for the conservation of species and ecosystems. In the mountains the 
microclimate of a certain area may vary significantly from the averaged climate for the ecoregion or its 
part covered by the hydrometeorological network forecast. To be sure of identifying (at an early stage) 
the adverse impacts or negative trends of climate change in a certain area, a long-term observation of its 
microclimate is needed. It will probably take at least 10 years to identify the trends.

In the short-term, in two to three years after the observation has begun, preliminary conclusions 
can be drawn on how climate parameters in a certain valuable location (its microclimate) differ 
from the parameters obtained from the nearest weather station. Obviously, a weather station gives a 
general, representative description of the climate of a vast territory, however its data is not sufficiently 
representative to describe the microclimate of a particular location. The new data would answer questions 
about specific microclimate features in locations that are the most valuable for preserving biodiversity. 
Such information would also be useful in compiling maps of meteorological parameters, as it would 
enable us to turn our attention from the transfer of linear interpolation data among observation stations 
(similar to the approach used in Section 2) to the mountain relief. Such procedures are realizable in many 
geo-informational systems.

It is possible that SPNA monitoring data would be used to test regional high-resolution blocks of global 
climate change models, in particular if such regional blocks describe orographic features in detail – the 
microclimate of individual valleys and ridges. At present the development level of global models is not 
sufficient for developing high-resolution regional blocks. However such a block is already being tested 
in Alaska. Currently no work of this nature is underway for the ASE, as it is complicated and time-

1  Prepared by A.O. Kokorin

consuming. However there are grounds to believe that in the next decade an ASE regional block will be 
developed, and the currently accumulated data would be useful for its testing.

This work gives particular consideration to the prognosis of biogeographical/altitudinal zone 
replacement by the end of 21st century. The fact that there are no similar estimates for the near future can 
be hardly considered a serious gap in our knowledge. It is believed that in the late 21st century, general 
changes will be relatively small in the ASE; in the coming years, they will be even less pronounced. 
However the situation in the problematic hot spots identified in this volume will be different. Given the 
conditional nature of scenarios and long-term modelling, changes in the vegetation cover may appear 
and should be monitored. Thus we recommend monitoring vegetation cover conditions at the seven sites 
identified as being the most vulnerable to afforestation and steppe advancement. 

This has been accompanied by the indentification of plant species that are the most vulnerable in the 
long-term (as of the end of the 21st century). If global climate warming causes the predicted changes in 
the vegetation cover of the Altai-Sayan Ecoregion, then many alpine plant species which are currently 
classified as rare species will be pushed to the edge of extinction, if not extinct. Certain rare forest species 
found in southern regions of the Altai-Sayan Ecoregion where climate aridization is predicted are also 
under threat.

As noted in the Introduction, it is not yet possible to “rise” to the upper levels of the ASE ecological 
pyramid and give prognoses, for example, of what will become of the Snow Leopard and Argali. But it 
is without a doubt necessary to move, step by step, toward such prognoses and then toward adaptation 
actions. Organizing the above-mentioned additional microclimatic observations directly in specially 
protected nature areas could be an important step in that direction.

Given this situation, another priority line of further activity could be the monitoring of the above-
mentioned most vulnerable species. Monitoring programmes can be conducted by the SPNA staff, and 
take into account the geographical features, species vulnerability, and the proximity to the key botanical 
areas. 

Water resources are another topic of our study. Given the current trends in climate change and 
their dangerous consequences, key information issues and directions for recommended further studies 
in the ASE include establishing respective databases and accumulating information about dangerous 
hydrological situations and the weather events that precede them. Such information could help in the 
precise identification of cause-effect relationships and the development of more effective forecasts of the 
frequency and intensity of severe events.

In general, the information hub for establishing hydrometeorological data and information on extreme 
hydrological events for all regions, including the ASE, are the databases of the All Russian Research 
Institute on Hydrometeorological Information – World Data Center. It is advisable to accumulate data in 
this institution, which conducts detailed studies of the respective statistical dependencies.

Further studies could focus on identifying regional features of the variations of hydrological processes 
under climate change, trends of extreme event variations and frequency, interdependence of severe 
weather and hydrological events, and the development of recommendations on local people adaptation to 
negative changes in the hydrological regime of water bodies under estimated climate change. In addition, 
in-depth studies are also required for the forecast of extreme hydrometeorological events and low water 
periods, and the relationship between extreme low water level in rivers and extreme dry periods.

Speaking of information gaps and future actions, we should note the absence of a clearly defined list 
of vulnerability criteria and indicators related directly to the ASE. Because of this, Section 4 includes a 
general list of all possible indicators and adaptation strategies. It also identifies the most urgent criteria 
and actions for this ecoregion as of today. However we believe it is advisable to conduct this work within 
the system of practical analysis of ecosystem services detailed in Section 6.

As noted in the Introduction, Section 6 represents original research on ecosystem services in the 
ASE. Materials in Section 6 could be the basis for outreach activities aimed at explaining the concept and 
analysis approach of ecosystem services in the ASE. To further develop the above-mentioned approach 

7. Major Information gaps and directions of further Studies



Change and Its Impact on Ecosystems, Population and Economy of the Russian Portion of Altai-Sayan ecoregion134 135

CONCLUSION

As noted earlier in this report, we have prepared a profile of existing knowledge in certain thematic 
areas including climate change assessment and forecast, the potential response of vegetation, and the 
ecoregion’s water resources and ecosystem services. From this perspective, the Assessment Report is an 
early step in compiling the comprehensive information basis required for further studies. Recommenda-
tions given in the Report relate only to the topics which it deals with. However, certain climate issues 
appeared insufficiently studied to be included in the Assessment Report; in particular, there is no sec-
tion relating to fauna. Although the groundwork has been laid, there is still little information available 
to create a fuller picture of climate-induced change in the ASE fauna. The problem is mainly the lack of 
microclimatic forecasts of events causing adverse impact on certain species, including the well-known 
flagship species of the ecoregion, the Snow Leopard and Argali.

Currently there is no reliable prognosis of climate change in the ASE, due to objective reasons. For 
this region, the multiyear averaged climatic effects such as the sea level rise or arctic ice contraction are 
not sufficient; the ecoregion needs prognoses of the frequency and intensity of extreme hydrometeoro-
logical events. Such prognoses will be made, but the process will take five to ten years. That is why the 
development of a climate change adaptation strategy for the ASE is a more complicated and long-term 
task than similar studies for other regions. However we must start working toward this end.

Firstly, the situation can change quite abruptly. The 2010 Moscow heat is a good example of an event 
which has significantly changed the nation’s attitude to heat spells, forest fires and air pollution, although 
the anthropogenic contribution to this event was relatively minor (less than 20%)1.

Secondly, the major lines of studies have been generally determined. In particular, the authors sug-
gest establishing an automated observation station network in the specially protected nature areas to 
monitor meteorological parameters (detailed suggestions relating this study to the existing weather ob-
servations network and forecasting process are described in Section 7). In mountain terrain conditions, 
the microclimate of a certain location can differ significantly from the averaged climate forecast of the 
ecoregion provided by the hydrometeorological network. To be sure of the early identification of adverse 
impact or negative trends in climate change, especially in the key areas for the conservation of biodiver-
sity, a more detailed study of the microclimate of these areas is required as well as conducting long-term 
observations. At least 10 years will be necessary to identify the trends.

This data will be also useful for developing and testing a high-resolution regional block acting as a 
part of a global model or climate change models, as the successful development of such a block in the next 
10 years is possible (see Sections 2 and 7).

In addition, as noted in the Introduction, identifying microclimate trends in the habitat of flagship 
species, in particular the snow leopard and argali, can facilitate prognosing the impact of climate change 
on these species.

Facilitating action on fire prevention is also important. Unfortunately, there are only approximate es-
timates of the fluctuations in the number of days with high fire probability in the ASE; this lack of detail 
makes it difficult to make effective and practical action plans. Working within these parameters, we shall 
take a prudent approach and focus on the worst-case scenarios in which climate-related fire danger in-
creases by 30% and more (the average number of days with high and highest fire-danger index increases 
by 30% annually). 

1  On reasons for abnormally hot weather in Russia in summer 2010. Joint meeting of the Presidium of the Scientific-Technical Council of 
Roshydromet and the Scientific Council of the Russian Academy of Sciences, “The Earth Climate Theory Study”, October 28, 2010. http://
www.meteoinfo.ru/news/1-2009-10-01-09-03-06/3376-10112010-l-r

Conclusion

to social, economic and environmental activity in the ASE, another direction of studies should be the 
specification of ecosystem services. A pilot project should be conducted to identify the subject, location 
and funding sources for projects in the system of payment for ecosystem services in the ASE.

As noted above, on the one hand Section 6 represents the study of the whole range of ecosystem 
services in relation to the ASE, and on the other hand it is a pro-forma set of possible measures and 
actions. This part of the study is innovative in nature. Many concepts and suggestions in Subsection 
6.4 are undoubtedly open to debate. At the same time this report comprises and presents them in terms 
of practice, and they therefore could be used as a basis for further studies. It should be noted that the 
measures and actions suggested in Subsection 6.4 do not represent a plan or a road map for the economic 
development of the ASE, but rather are material for discussion by economists, environmentalists, public 
authorities and business representatives. It is clear that such discussions are an important element of 
future work.
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of snowy winters, thawing weather and frosts and similar events in the current (and potential new, cli-
mate-adjusted) habitat of these species. There are no even general forecasts for the ASE (on average for 
the ecoregion) while such forecast is not sufficient for the flagship species. In this case a “micro-regional” 
forecast is required; we must know how microclimate will change at the level of the habitat of a certain 
snow leopard group, for example.

Forecasts at this level of specificity are impossible to prepare in the very near future, however we 
can monitor extreme hydrometeorological events and collect data that will help to develop and/or verify 
forecast models. It is for this reason that the authors recommend the organization of microclimatic ob-
servations directly in specially protected nature areas.

The Report contains an original study of the whole range of ecosystem services applicable to the 
ASE. Based on this study, the long-term priorities of environmentally sustainable economic and social 
development of the ASE shall be determined. We would like to stress that it is undoubtedly necessary to 
increase the level of awareness of all the target communities on this issue. Both those who make deci-
sions and the population at large do not have a clear understanding of what ecosystem services are and 
approaches to the practical realization of these services.

The intention was to take a social and economic approach to assess ecosystem services. Given the sig-
nificant level of uncertainty of climate forecasts, tackling social-economic and environmental problems 
became the key objective, and at the same time this makes a basis for adaptation actions and measures 
to increase carbon sequestration by terrestrial ecosystems.

This study presents an approximate set of possible measures and actions. We would like to highlight 
that certain statements and suggestions related to economic development are debatable. However the 
value of our work is in the fact that all of the suggestions included are presented in order to be further 
discussed among economists, business representatives and environmentalists.

There are many ecosystem services, and carbon storage can be highlighted among them. Its economic 
valuation has received much study and progressed towards establishing payments for carbon sequestra-
tion. It is important to note that the service under valuation is not the total amount of  carbon deposited 
but additional carbon sequestrated as the result of special measures taken (for example, through sus-
tainable forest management). Because of this, estimates of total carbon stored or its fluctuations without 
direct and specially organized human interference, while of great scientific value, cannot be the basis for 
incentive payments. On the other hand, differences between estimates of carbon sequestration which 
must be explained scientifically should not prevent the realization of carbon market schemes.

The mechanism of financing the halt of tropical deforestation and degradation is currently being dis-
cussed from a practical point of view at the international level. In the UN Framework Convention on Cli-
mate Change this project is named REDD – Reduction of Emission from Deforestation and Degradation. 
There are projects on afforestation in the framework of Kyoto Protocol Clean Development Mechanism 
in which additional carbon depositing is paid for accordingly. Working within the framework of Kyoto 
Protocol joint projects, WWF is currently developing forest management projects in the Primorsky Ter-
ritory and Arkhangelsk Region to promote additional carbon sequestration. 

Carbon sequestration related activity requires sufficient efforts to maintain the environmental 
integrity of actions, i.e. not only from the point of view of carbon storing, but also from a broad 
environmental point of view. For example, the deforestation and replacement of tropical forests by 
plantations might represent net carbon sequestration, but is harmful to the environment. Because of 
this, the European Union and most NGOs advocate for limited application of carbon storage to issue 
greenhouse gas emission permits. In particular, the EU does not purchase units of emission reduction 
(absorption units) from this activity. In this context it is possible that planned joint implementation 
projects under Kyoto Protocol will sell absorption units on emission voluntary reduction market or 
even within bilateral agreements enabling compliance with the strictest environmental requirements, 
organizing control and monitoring as well as using emission permits complying with the targeted 
procedure.

This Report identifies seven hot spots as areas to monitor afforestation and steppe invasion. It 
should be noted that in the context of bioclimatic forecast such monitoring shall be carried out during 
several decades in order to obtain reliable results. There is a significant difference between estimated 
forecasts and real observed processes. According to the latest studies it is quite logical to speak about 
seeming paradoxes such as cooling periods as a part of long-term warming caused by the human-
induced increase in greenhouse gas emissions2. Given the long-term trend of climate warming during 
the 21st century, analysis of climate change trends conducted in recent studies predicts the occur-
rence of 10 to 20-year periods without increases in the average global temperature of surface air (or 
even slight decreases). It should be noted that in the first decade of the 21st century, the temperature 
of surface air remained practically unchanged globally (i.e. not the long-term trend but in compari-
son to the average temperature of 2001–2005 and 2006–2010; these two values practically coincide). 
Thus monitoring shall be conducted throughout several decades in order to identify processes which 
are actually occurring.

It would be useful to conduct additional studies of climate-dependent desertification in steppe terrain 
and its association with direct anthropogenic impact such as cattle grazing. This potential problem was 
not directly targeted as an independent forecast issue in the report as global models of climate forecast-
ing are still too general to investigate consequences in detail.

It is also necessary to slate in studies on individual plant species which are included in the list of the 
most vulnerable species in the long-term (to the end of the 21st century). Some may be endangered or 
extinct, and climate aridization in the southern parts of the ASE could play an especially negative role for 
many species. This study can be carried out in the specially protected nature areas and/or key botanical 
areas.

Analysis of the variations of dangerous and adverse hydrological events that caused registered dam-
ages in the last decade of the 20th and the first decade of the 21st century indicates there is an increase 
in the frequency of high floods and earth flows in most mountain and sub-mountain regions of the Altai-
Sayan mountain system, as well as low water periods (primarily in the foothill areas). These and other 
adverse variations of river regimes (e.g. ice jams) necessitate the strictest approach to ensuring protec-
tion against flooding of extensive populated areas. These measures include selecting residential and tem-
porary settlement areas for people and animals, establishing plantations in periodically (and even rarely) 
flooded areas in the floodplains and the slopes exposed to mudflow and earth flow. These circumstances 
should be particularly considered in designing and building hydropower plants, water supply intakes, 
and bridges.

To compensate for potential damages caused by hydrological events, it may be advisable to imple-
ment a system of property and livestock insurance in case of floods, and extreme low water and drought 
in irrigated areas. To compensate for losses resulting from drought and low water, it is important to use 
advanced irrigation systems in intermountain basins.

Given that extreme hydrometeorological events (snowstorms, snow drift, and heavy rainfall) often 
precede disastrous floods, snow flooding, and mudflow, it is necessary to improve the forecast of these 
events by Roshydromet and to inform the population on a timely basis using radio, TV announcements or 
mobile means of communication.

Given the acceleration of eutrophication processes in lakes and wetlands, measures must be taken to 
protect water bodies from excessive economic and recreational pressure.

As noted in the Introduction, due to objective reasons it is currently impossible to assess how climate 
change impacts the Snow Leopard and Argali, how and when they may suffer from that change, what we 
should do to aid their adaptation, etc. These questions require the forecasting of the increased frequency 

2  Semenov S.M. Climate Science and Current Public Climate Discussion // Monthly information bulletin. Roshydromet. 2010. Issue 11 (20) 
http://meteorf.ru. Easterling, D. R., and M. F. Wehner (2009), Is the climate warming or cooling? Geophys. Res. Lett., 36, L08706, doi: 
10.1029/2009GL037810. http://www.agu.org/pubs/crossref/2009/2009GL037810.shtml
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Another important aspect of international discussions of climate change is the difficulty of conclud-
ing comprehensive new agreements in the near future. On the other hand, the participation of Russia in 
the second phase of the Kyoto Protocol (after 2012) is also doubtful. Many times Russian officials have 
spoken against it3.

That is why bilateral agreements are becoming the primary tool in international cooperation on cli-
mate change. The development of bilateral agreements is viewed as the most promising way forward for 
the deployment of climate change adaptation and mitigation activity in the ASE. This milestone activity 
even now (at its first stage) requires the inclusion of climate issues in the agendas of bilateral working 
groups.

While the ASE transcends national borders, this report analyses only the Russian part of the ecore-
gion. However, when presenting international efforts, we shall note that climate change has a more sig-
nificant impact on the Mongolian part of the ASE; the advancement of the Gobi desert provides an ex-
ample. This effect exacerbates serious social-economic problems in Mongolia which in turn result in 
desertification.

We consider this Assessment Report to be the first step in the development of a strategy for the adap-
tation of the Altai-Sayan ecological and its social-economic systems to climate change. It can be an im-
portant step in assessing global (climate) change in the ecoregion and analysing its impact on nature, the 
economy and the social and economic development of the southern part of the Siberian Federal District. 
It can be used to initiate the process of integrating the issues of global climate change and the preserva-
tion of biological and landscape diversity into strategies for the social and economic development of the 
southern economic zone of the Siberian Federal District.

3  Letter of the UN IPCC National Coordinator in the RF, Head of Roshydromet A.V. Frolov addressed to UN IPCC Executive Secretary, 
dated December 8, 2010.
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