
?
Section III

?
Climate Change





?
chapter seven

Cities of the Russian North in 
the Context of Climate Change

Oleg Anisimov and Vasily Kokorev

Introduction

In addressing Arctic urban sustainability, one has to deal with the com-
plex interplay of multiple factors, such as governance and economic 
development, demography and migration, environmental changes and 
land use, changes in the ecosystems and their services, and climate 
change.1 While climate change can be seen as a factor that exacerbates 
existing vulnerabilities to other stressors, changes in temperatures, 
precipitation, snow accumulation, river and lake ice, and hydrological 
conditions also have direct implications for Northern cities. Climate 
change leads to a reduction in the demand for heating energy, on 
one hand, and heightens concerns about the fate of the infrastruc-
ture built upon thawing permafrost, on the other. Changes in snowfall 
are particularly important and have direct implications for the urban 
economy, because, together with heating costs, expenses for snow 
removal from streets, airport runways, roofs, and ventilation spaces 
underneath buildings standing on pile foundations built upon perma-
frost constitute the bulk of a city’s maintenance budget during the 
long cold period of the year. Many cities are located in river valleys 
and are prone to fl oods that lead to enormous economic losses, inju-
ries, and in some cases human deaths. The severity of the northern 
climate has a direct impact on the regional migration of labor. Climate 
could thus potentially be viewed as an inexhaustible public resource 
that creates opportunities for sustainable urban development (Simp-
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son 2009). Long-term trends show that climate as a resource is, in 
fact, becoming more readily available in the Russian North, notwith-
standing the general perception that globally climate change is one 
of the greatest challenges facing humanity in the twenty-fi rst century.

Like the rest of the world, Russian society is divided between those 
who believe that climate change will have a major impact on the 
planet and those who doubt such predictions: alarmists and skeptics 
as the media often describes them. Public opinion polling shows that 
there is no consensus and identifi es various cleavages in Russian so-
ciety. According to a 2008 survey of more than 1,000 people from 
diff erent regions of Russia (WCIOM 2008), 48 percent of people have 
heard something about climate change, while 8 percent do not know 
what it is; 51 percent believe that global climate change has already 
started (compared to 48 percent in 2007); 57 percent associate cli-
mate change with human infl uences, whereas 29 percent believe it 
is caused by natural factors; 50 percent (up from 45 percent in 2007) 
believe that climate change may have catastrophic impacts, while 
27 percent think it will not have any serious environmental conse-
quences, and another 7 percent believe that some regions could ben-
efi t from the changing climate.

Researchers conducted another survey in September 2010, imme-
diately following an unusually long heat wave in central Russia, which 
sparked numerous forest fi res over large swathes of land (WCIOM 
2010). Data from this survey indicate that most people (57 percent) 
associated the increased number of fi res with inappropriate manage-
ment and the so-called human factor, which in Russia generally in-
dicates a lack of discipline, responsibility, and profi ciency, as well as 
the unwillingness and/or inability of individuals and offi  cials to follow 
established regulations. Only 34 percent of those polled equated the 
increased frequency of fi res to global climate change.

Andrei Illarionov, founder and director of the Russian Institute of 
Economic Analysis (IEA), best exemplifi es the climate skeptics who 
are most prominent in the political arena. From 2001 to 2005, he 
served as economic adviser to President Vladimir Putin. As a political 
and social leader, Illarionov is known in Russia for his public state-
ments, many of which tend towards sensationalism. His views on cli-
mate change are in confl ict with the accepted scientifi c consensus, 
as can be seen in numerous media interviews and in distilled form 
in the paper “How to Spin Warming: The Case of Russia.”2 Interest-
ingly, the paper was released on 16 December 2009, at the peak of 
the “Climategate” campaign in which a hacker gained access to and 
published some e-mails exchanged by climate scientists on the eve 
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of the Copenhagen summit on climate change. Climate change skep-
tics claimed that the e-mails demonstrated that climate change was 
a hoax. In his paper, Illarionov accused the Intergovernmental Panel 
on Climate Change (IPCC) of selective use of data from approximately 
25 percent of Russia’s weather stations. According to the IEA, the 
selected stations overestimate the rate of warming in Russia, ques-
tioning the credibility of the IPCC fi ndings. His paper provoked exten-
sive discussions in the media and had a pronounced societal impact, 
particularly on those who claim that climate change is simply a matter 
of belief.

Meanwhile, the majority of the scientifi c community addresses the 
problem from the other end, considering climate change as a matter 
of fact. The idea for global climate change and its scientifi c basis can 
be traced back to the 1960s, when Russian professor Mikhail Budyko 
published his papers on what is now called “geoengineering” (Bu-
dyko 1962). In that work, Budyko proposed that it was possible to al-
ter the global climate through the mechanism of changing the albedo 
of polar ice by dispersing soot. In the following years he developed 
the fi rst numerical climate model, which was published in 1969. For 
the fi rst time ever, he linked the anthropogenic combustion of fossil 
fuels with the growing atmospheric concentration of CO2 and global 
air temperatures. Budyko lived long enough (he passed away in 2001 
at the age of 80) to witness the end-of-century patterns of a chang-
ing climate, which he had successfully predicted in 1969, at least in 
general terms suffi  cient for large-scale adaptation planning. In the 
1970s, he published articles describing his ideas in popular maga-
zines, which is why both the general public and authorities in Russia 
were relatively well aware of climate science much earlier than their 
counterparts in the West, where the fi rst publications and public de-
bates started later. In the mid-1980s, well before the IPCC came into 
existence, Soviet authorities charged Budyko’s department of clima-
tology at the State Hydrological Institute in St. Petersburg with the 
task of assessing the implications of climate change and contracting 
sea ice for Arctic marine navigation. Their particular interest was in 
strategic planning to develop the icebreaker fl eet with an optimal split 
between nuclear and conventional vessels to serve the transportation 
needs of the Northern Sea Route, as well as those on Siberian rivers. 
Research along these lines was unfi nished at the time the USSR col-
lapsed, and the subsequent political and economic breakdown of the 
country led to its early cessation.

In the decades following the 1960s, climatology evolved from a de-
scriptive and mostly empirical discipline to a highly comprehensive 
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science with a strong computational component. Currently, it oper-
ates with fundamental and complex physical equations, and employs 
sophisticated three dimensional thermodynamic modeling. Models 
account for numerous interacting components of the climatic sys-
tem, and ultimately generate millions of digital parameters in order 
to draw climatic pathways from the past to the future. The amount of 
data generated by climate models is enormous, and not surprisingly, 
the general public as well as scientists outside the climatological com-
munity often lack the scientifi c background to engage with climato-
logical models.

The purpose of this chapter is to provide a scientifi cally compre-
hensive yet nontechnical overview of the current and projected cli-
mate in the northern Russian regions. It places particular emphasis 
on the climatic parameters that have potential implications for cities 
in the Far North. As discussed in the introduction to the book, we 
intentionally defi ne the boundary of what we call the “North” loosely 
to include mountainous regions occupied by permafrost in southern 
Siberia, Altai, and Kamchatka. Largely in response to the criticism 
expressed in Illarionov’s papers, we pay special attention to the eval-
uation of observation certainty and the identifi cation of gaps in the 
climate data. This analysis is based on Russian hydrometeorological 
service data and the results from the latest generation of the most so-
phisticated Coupled Model Intercomparison Project Phase 5 (CMIP5) 
climate models. To minimize the subjective component, standard IPCC 
methodology has been employed. The analysis begins with a discus-
sion of regional features in the temperature and precipitation patterns 
using observations from the twentieth and early twenty-fi rst centu-
ries, an evaluation of predictive climate models in a regional context, 
and construction of comprehensive climatic projections for the future 
on the basis of the best models. Subsequently, key regional concerns 
and opportunities associated with climatic changes are identifi ed, 
concluding with an assessment of the direct and indirect impacts cli-
mate change may have on the cities of the Russian North.

Regional Climatic Changes in Russia 
in the Context of Global Warming

Global climate change in the twentieth century was characterized by 
warming through all seasons, changes in seasonality, an increased 
frequency of extreme weather events, and increasing durations of pe-
riods with the temperatures above or below prescribed thresholds. 
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Many regions, including Russia, demonstrated discernible changes 
in the intensity and frequency of precipitation. Changes were uniform 
neither across space nor over seasons; in Russia, however, many of 
the changes exceeded global means.

Observational records contain two periods of pronounced hemi-
spheric-scale warming in the early and late twentieth century (Han-
sen et al. 2010). The fi rst period of warming started in the 1920s and 
lasted for nearly two decades. The second warming began in the late 
twentieth century and continues through the present, with unequiv-
ocal evidence demonstrating a combination of natural and anthro-
pogenic factors driving these changes (Solomon et al. 2007). In this 
section, we compare variations in the global temperature and regional 
climate in Russia.

The problem is threefold: First, it is essential to establish whether 
records at Russian weather stations point to discernible signals of cli-
mate change, and if so, what type of change it represents. The second 
task is to develop a regionalized analysis to characterize the pattern 
of modern changes. Last, we need to analyze regional-mean trends, 
compare them with the changes at a global level, and build regional 
projections for the future.

We address the fi rst task—determining whether the information col-
lected by Russian weather stations point to climate change—through 
the analysis of temperature data. The rationale behind this choice is 
that temperature is the only climatic parameter that responds directly 
to changes in the radiative forcing (the diff erence between sunlight 
received by the earth and radiated back to space) produced by green-
house gases through well-understood physical mechanisms. Tem-
perature is thus the ultimate factor governing the cascade of changes 
in atmospheric and oceanic parameters and processes, which in their 
totality constitute climate change. We tested three types of statistical 
models to select the one that provides the best fi t to the observations:

•  A stationary time series model that rejects the concept of climate 
change, suggesting that observations correspond to the station-
ary regime characterized by the natural variability and the same 
mean value

•  A time series with linear trends
•  A time series with stepwise changes from one stationary regime 

to another

We applied each of the three types of model to century-scale tem-
perature data from Russian stations and used the standard deviation 
of the simulated time series from observations as a metric of the model 
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fi t. The stationary model demonstrated the worst fi t; on average it had 
an 11.2 percent higher deviation than the linear trend model and 10.3 
percent higher than the stepwise-change model, while at many sta-
tions the diff erence in deviation was more than 20 percent. As for the 
other two models, the linear trend model consistently demonstrated a 
better fi t with slightly lower deviation. We thus conclude that there is 
observational evidence of a changing climate in Russia, which could 
be best approximated by a linear rise in temperature over time.

To address the second task, describing the pattern of change across 
regions, we combined the records from individual stations into groups 
and developed a climatic regionalization based on the coherence of 
the temperature variations. Averaging data over the coherent regions 
allows the signals of climate change to be highlighted by minimizing 
the stochastic component, which is present in the individual station 
records.

We tested several classifi cations consisting of diff erent numbers 
of regions using data for diff erent periods. The regional delineations 
were based on the federal administrative units of Russia, which were 
in some cases divided into smaller subunits to achieve homogeneity 
of bioclimatic and topographic conditions. The optimal climatic clas-
sifi cation for the modern period is shown in Map 7.1 and consists of 

Map 7.1. | Location of Weather Stations, the Main Population Centers in 
the Russian North (defi ned here as the area within permafrost boundaries 
and/or northward of 60°N), and the Southern Permafrost Boundary; Map 
Partitioned into Regions with Coherent Temperature Changes in the Period 
1970–2010
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seventeen regions, of which 1–14 are in the Russian Federation. In 
the context of the present study, regions 1, 7, and 9–13 located within 
the Russian permafrost area and/or northward of 60°N are of prime 
interest. Map 7.1 also shows the location of the permafrost boundary, 
weather stations, and main population centers in Northern Russia.

The coherence of the temperature changes in Russia (regions 1–14) 
following the early-century peak is illustrated in Figure 7.1. The up-
per left plot was constructed using the CRUTEM3 data and shows the 
hemispheric-mean mean annual air temperature (MAAT) smoothed by 
an eleven-year running window. Curves in plots 1–14 represent MAAT 
changes at individual stations (grey lines) and the regional-mean 
(black line) smoothed by an eleven-year running window. Although 
not shown here, similar plots were constructed for precipitation and 
other temperature characteristics, such as seasonal temperatures and 
temperature sums above and below prescribed thresholds that have 
direct implications for city management. Table 7.1 provides a sum-

Figure 7.1. | Temperature Variations at Individual Stations (thin grey 
lines) and Regional-Mean MAAT (solid black lines) Smoothed with an 
11-year Running Filter



148 | Oleg Anisimov and Vasily Kokorev

T
a
b

le
 7

.1
. 

| 
Li

ne
ar

 T
re

nd
 C

oe
ffi  

ci
en

t f
or

 R
eg

io
na

l-M
ea

n 
A

ir
 T

em
pe

ra
tu

re
 a

nd
 P

re
ci

pi
ta

tio
n 

fo
r 

th
e 

19
76

–2
01

0 
Pe

ri
od

R
e
g
io
n

Te
m

pe
ra

tu
re

, °
C

/1
00

 y
ea

rs
P

re
ci

pi
ta

ti
on

, m
m

/m
on

th
/1

00
 y

ea
rs

W
in
te
r

S
p
ri
n
g

S
u
m
m
e
r

F
a
ll

A
n
n
u
a
l

W
in
te
r

S
p
ri
n
g

S
u
m
m
e
r

F
a
ll

A
n
n
u
a
l

1
 9

.2
 

2.
9 

4.
3 

5.
0 

5.
3 

 1
7 

19
 

  
8 

  
5 

 1
4 

2
11

.4
3.

7 
4.

9 
4.

7 
6.

3 
 1

0 
15

 
  

4 
 –

8 
  

7 

3
 9

.2
 

5.
1 

6.
5 

6.
8 

6.
9 

–2
0 

–2
 

–4
1 

  
8 

–1
3 

4
 4

.4
 

3.
2 

5.
7 

6.
0 

4.
9 

 –
3 

20
 

–1
8 

 4
2 

 1
1 

5
 6

.9
 

4.
5 

3.
9 

7.
3 

5.
8 

  
4 

31
 

–2
3 

–2
0 

 –
 1 

6
 5

.7
 

4.
0 

1.
8 

7.
1 

4.
5 

  
5 

40
 

 –
3 

 –
6 

  
9 

7
 4

.8
 

4.
7 

2.
2 

3.
5 

3.
4 

  
9 

24
 

  
2 

  
3 

 1
1 

8
 3

.2
 

7.
8 

0.
9 

3.
3 

3.
5 

 1
2 

16
 

 1
0 

  
1 

 1
0 

9
 5

.0
 

7.
2 

5.
2 

2.
4 

4.
7 

  
7 

 8
 

 1
7 

 1
6 

 1
1 

10
 5

.0
 

7.
4 

2.
7 

2.
8 

4.
7 

  
1 

 5
 

 1
7 

  
9 

  
7 

11
 2

.5
 

5.
4 

5.
3 

6.
4 

5.
1 

 –
2 

12
 

 2
3 

 2
4 

 1
4 

12
–0

.9
 

8.
9 

4.
1 

8.
5 

5.
4 

 –
9 

18
 

–2
1 

  
5 

  
1 

13
 4

.5
 

4.
2 

2.
3 

5.
1 

4.
1 

  
8 

 7
 

 –
8 

  
2 

  
3 

14
 5

.9
 

2.
9 

2.
8 

4.
6 

4.
0 

 1
1 

45
 

 3
4 

–3
6 

 1
5 

A
ve

ra
ge

 5
.8

 
5.

0 
3.

8 
5.

3 
5.

0 
  

4 
17

 
 –

2 
  

3 
  

6 

N
o
te

: 
H

ig
h

li
g

h
te

d
 l
in

e
s 

d
e
si

g
n

a
te

 r
e
g

io
n

s 
in

 t
h

e
 R

u
ss

ia
n

 N
o
rt

h
 (

se
e
 M

a
p

 7
.1

 f
o
r 

re
g

io
n

 k
e
y
)



Cities of the Russian North in the Context of Climate Change | 149

mary of results illustrating seasonal temperature and precipitation 
trends. All trends were calculated using the 1976–2010 data.

Data in Table 7.1 indicate year-round warming trends all over Rus-
sia except for Chukotka (region 12), where winter temperatures have 
exhibited large interannual variations with near-zero or slight nega-
tive trends in the past three decades. Rates of change and seasonal 
features are not uniform over regions. Winter warming is most pro-
nounced in North-European Russia (region 1), with the temperature 
trend up to 9.2°C/100 years, nearly twice the trends in summer and 
fall (4.3 and 5.0°C/100 years, respectively), and more than three times 
that of spring (2.9°C/100 years). The maximum in seasonal trends 
shifts gradually from winter to spring along the West–East transect 
in the Russian Arctic (from the upper to the lower lines in Table 7.1). 
In Western and Central Siberia (regions 7 and 10), the summer tem-
perature changes are least pronounced, while the rest of the Russian 
Arctic demonstrates noticeable summer warming.

Air temperature extremes have exhibited much greater changes: 
annual minimum and maximum temperatures and the temperature 
range, as well as number of days per year with temperatures above 
or below certain thresholds (Meleshko 2008). Over large territories in 
the Russian Arctic, minima rose at a higher rate than maxima, except 
for in Chukotka (region 12), where annual minima decreased in accord 
with colder winters. The largest annual temperature minima trends 
over the past three decades were detected in North-European Russia 
(14–26°C/100 years) and in Central Siberia (10–14°C/100 years). At 
the same time, annual temperature maxima did not change in Sibe-
ria. Elsewhere in the Russian Arctic, trends never exceeded 10°C/100 
years and on average were about 6°C/100 years. Apparently, one can 
say that rather than getting warmer, the regional climate in Russia is 
getting less cold.

Annual amounts of precipitation have increased everywhere in the 
Russian Arctic, with large regional and seasonal variations. Similar 
to the air temperature pattern, seasonal precipitation maxima have 
shifted from the cold to the warm period along the West–East tran-
sect, with a pronounced snowfall increase in North-European Russia 
and West Siberia and mostly summer precipitation increase in east 
Siberia (Table 7.1). In the context of our study, snowfall is particularly 
important, due to its profound impacts on the urban environment.

There is compelling observational evidence that during the twen-
tieth century, warming patterns in the Russian Arctic, like the rest 
of the Arctic, have been more pronounced than in other regions of 
the world. Warming has accelerated in the past thirty years, with the 
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MAAT northward of 60°N rising at approximately twice the global 
rate, a phenomenon known as “Arctic amplifi cation” (AMAP 2011). 
One of the consequences of the concentrated regional warming is 
a dramatic decline of sea ice in the Arctic Ocean, with an average 
shrinkage rate of 13.4 percent per decade in the period 1978–2015. In 
September 2012, Arctic sea ice decreased to a record low level since 
satellite observations began in 1979, reaching 3.6 million km2 (about 
half of the average of the 1980s and 1990s). Remarkably, the period 
from 2007 to 2011 has had the second through fi fth most pronounced 
warming on record. Sea ice is getting thinner and younger; about 70 
percent of it is one to two years old, and 95 percent is younger than 
fi ve years (AMAP 2011). These trends are projected to increase in 
the future, opening new opportunities for navigation along the North-
ern Sea Route (NSR), but as Scott Stephenson discusses in Chapter 
8, these accessibility increases will also bring new challenges to the 
transit regimes of the Russian Far North.

Regional Climatic Projections for Russia

It is possible to develop shorter-term climate projections by extrapo-
lating the trends displayed in Figure 7.1 and the data in Table 7.1 over 
the next few years. These data characterize statistics of the current 
trends, which are prone to changes with time, and thus are not nec-
essarily illustrative of the longer-term climate variations at decadal 
and centennial scales. Long-term projections must include a greater 
range of data, which can be accomplished by using general circula-
tion models (GCMs). This section provides an overview of recent re-
sults from the CMIP5 family of comprehensive GCMs that were used 
in the preparation of the Fifth IPCC report. The experimental design 
of the CMIP5 was presented by Tailor, Stouff er, and Meehl (2012). 
This section evaluates the model’s accuracy in a regional context by 
contrasting results with observations in Northern Russia.

While GCMs are generally acknowledged as the most eff ective 
tools for predicting future climate, they should always be viewed crit-
ically. Even the most sophisticated computer algorithms are not ca-
pable of accounting for the full range of complexity and uncertainty 
in the climate system. Climate change is governed by the interplay 
of numerous factors, many of which are stochastic and thus can only 
be addressed probabilistically, while the mathematical formalism of 
GCMs is intrinsically deterministic. It is thus not feasible to discern 
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the accuracy of the models through direct comparison with observa-
tions of specifi c months and years sequentially over decadal and cen-
tennial time scales. In contrast to weather models, GCMs should not 
necessarily be judged by their ability to replicate real-time changes 
in climatic parameters. Instead, one has to look at the diff erence be-
tween statistics in the time series of climatic parameters that are based 
on observations and model simulations. Robust statistics could only 
be obtained if continuous observations over a period of twenty-fi ve 
to thirty years or longer were available, which sets up a minimum 
time scale at which model results could be viewed as “projections.” 
It could not reasonably be expected that GCM-based climatic projec-
tions would be credible at shorter time scales, implying that, at best, 
they could be used to characterize general future trends. Standard-
ized time periods that have been used in numerous studies are cen-
tered on 2030, 2050, and 2080. Alternatively, slices could be bound 
to a certain period in the future, when the prescribed magnitude of 
global warming is likely to be reached. The later approach could give 
insight into the 2°C warmer world (with respect to preindustrial level), 
which corresponds to the threshold set by the European Union as a 
target for its adaptation and mitigation strategies (EU Climate Change 
Expert Group 2008).

Global climate models have a typical horizontal resolution of about 
2° by latitude and longitude, which corresponds to a spatial unit with 
a size of 200–250 km. Complicating the problem, the results of any in-
dividual model for any single grid node are not robust, and the entire 
pattern contains many unreliable small-scale details, often interpreted 
as if it is aff ected by stochastic “noise” (Räisänen and Ylhäisi 2011). 
This imposes limitations for projecting climatic changes at specifi c 
locations, such as individual cities. Similar to observations at indi-
vidual stations, “noise” may be reduced by averaging several neigh-
boring grids (spatial smoothing), or by applying the same procedure 
to several models. The ensemble approach is used to minimize the 
uncertainty of the climate projections. While early studies postulated 
decreasing uncertainty with the increase in the number of models in 
the ensemble, more recent papers suggest eliminating outliers, GCMs 
that demonstrate poor performance in comparison with observations. 
Model discrimination and construction of optimal ensemble projec-
tions for regional studies could be based on the consistency with ob-
servations of the specifi c climatic parameters and indices governing 
key regional impacts. There is no universal metric for model skills, 
and numerous procedures have been developed and used to evaluate 
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and rank the models in both the global and regional context. This 
study uses an ensemble climatic projection that has been optimized 
for the Russian northern regions using the method described below 
(Anisimov and Kokorev 2013).

This study used the full set of 36 CMIP5 climate models3 and eval-
uated each model’s accuracy by comparing calculated trends in the 
climatic characteristics with observations in the fourteen Russian re-
gions. Tests have been performed using the 1976–2005 data for the 
seasonal and annual temperatures and sums of precipitation, tem-
perature sums above and below prescribed thresholds, and the dry-
ness index (the ratio of the positive temperature sum to the annual 
amount of precipitation). Original data have been harmonized by sub-
tracting the “baseline” values averaged over the 1961–1990 period 
individually for each model. This procedure eliminates systematic bi-
ases, which individual models are prone to. Results were averaged 
over the grid nodes that fall over each of the regions, and compared 
with the regional observations. Ultimately, models were ranked ac-
cording to their capability.

Table 7.2 illustrates the disparity between the modeled MAAT 
trends and observations in the 1976–2005 period for selected regions 
in the Russian North and in the areas underlain by permafrost. Al-
though not shown in the table, similar results were obtained for other 
climatic parameters and indexes. Models are classifi ed by their rela-
tive errors, defi ned as the ratio of the diff erence between the calcu-
lated and observed trends of any given climatic parameter to their 
sum. The threshold for the relative error is set at 0.25 to distinguish 
between the highly accurate models and those that poorly represent 
observed regional trends.

Table 7.2. | Diff erences Between the Modeled MAAT Trends and 
Observations in the 1976–2005 Period for Selected Regions in the Russian 
North, °C/100 years

Model Pfrost 1 7 9 10 11 12 13

ACCESS1.3 –1.5 –2.1  0.4 –3.4 –1.7  0.1  0.8 –1.8

ACCESS1–0  0.4  2.6  2.4 –1.7  0.1  0.0  2.5 –1.7

bcc–csm1–1  4.5  7.3  8.0 –2.1  3.9  1.5 –0.6 –0.7

bcc–csm1–1–m –0.5 –2.4 –0.5 –2.9  0.2  2.8  5.0  2.7

BNU–ESM  0.4 –4.0  0.1  1.0  1.1  2.3  4.4  2.1

CanCM4 –0.2  2.8  2.3 –5.2 –1.2 –0.8 –0.2 –2.1
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CanESM2  2.1  0.7  2.3 –1.3  1.1  1.0  3.4  1.0

CESM1–CAM5 –4.4 –5.1 –3.6 –2.8 –3.7 –2.3 –3.9 –3.9

CESM1–FASTCHEM  1.1  0.0  4.4 –2.9  3.8  1.9 –1.2 –1.6

CMCC–CESM –2.7 –1.0  1.2 –4.7 –0.5 –2.8 –3.9 –5.8

CMCC–CM  1.4  2.3  4.1  4.0  3.3  1.0 –3.3  0.5

CMCC–CMS –3.6 –5.6 –2.9 –1.2 –3.1 –2.3 –2.0 –1.8

CNRM–CM5  4.4  5.0  7.7  1.4  6.7  4.1  6.7  2.0

CSIRO–Mk3–6–0  0.2 –0.6  2.6 –1.4  1.6 –0.7 –0.8  0.2

EC–EARTH  1.6 –1.7  3.3 –0.9  3.2 0.7  0.6  2.1

FIO–ESM –0.6 –3.6  2.8 –1.8  2.5 –0.1 –0.2 –2.4

GFDL–CM3 –3.2 –6.5 –1.2 –3.2 –2.9 –3.2  4.0 –1.7

GFDL–ESM2G  1.7  1.6  4.8 –1.4  3.3  3.6  7.4 1.5

GFDL–ESM2M –1.0 –5.8 –0.6 –0.7  0.6 –0.3 –1.8 –0.8

GISS–E2–H  0.3  3.1  2.5 –4.2  0.1 –0.2 –1.3  0.0

GISS–E2–R  0.3 –0.7  2.2 –1.7  2.5  1.7  0.8 –0.7

HadCM3  1.3  3.0  2.3 –3.0 –0.2  4.1  2.6  0.9

HadGEM2–AO  2.0  1.3  5.3  1.4  5.8  3.4  1.1  0.6

HadGEM2–CC  1.5 –0.3  3.6 –3.0  1.1  1.0  2.3  0.7

HadGEM2–ES  3.0  1.8  2.8  0.4  2.9  3.9  3.9  2.3

inmcm4 –3.3 –5.6 –1.1 –5.3 –2.6 –3.9 –4.0 –4.6

IPSL–CM5A–LR –1.0 –1.6  1.0 –0.1 –0.6  0.0  0.1  0.9

MIROC4h –2.7 –3.5 –1.0 –1.8 –1.1 –0.5 –0.2 –2.8

MIROC–ESM –2.4 –3.3 –0.4 –1.4 –0.6 –0.9  0.2 –0.6

MIROC–ESM–CHEM  0.4  0.5  2.8 –4.2  0.2 –1.9 –1.0 –2.6

MPI–ESM–LR –3.8 –8.0 –2.7 –4.1 –3.4 –0.9  0.0 –0.5

MPI–ESM–MR –0.3 –0.3  1.8 –2.1  0.2  0.9  2.5 –2.5

MPI–ESM–P –1.1 –2.0  2.7  0.4  2.6  0.1 –1.3 –2.3

MRI–CGCM3 –4.6 –5.7 –3.6 –5.9 –3.6 –3.0 –1.4 –4.2

NorESM1–M  0.8  2.4  3.0  0.3  0.7 –0.3  3.8  0.0

NorESM1–ME –2.9  0.7  1.5 –5.3 –3.8 –6.8 –3.9 –5.4

Source: Based on data from CMIP5 historical runs
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Some questions remain open, such as how to treat models that 
demonstrate a high accuracy with respect to certain climatic parame-
ters in one region but perform poorly when other parameters in other 
regions are considered. These instances are displayed as grey cells 
in Table 7.2, which indicate that the relative model error is above 
the prescribed threshold for at least one of all tested parameters in 
the corresponding region. One solution to this problem is to elimi-
nate such models and to combine the remaining ones into the optimal 
regional ensemble. The other option would be to keep them in the 
ensemble while assigning them a smaller weight. In the latter case, 
eff orts should be made to avoid biased weighting. As was demon-
strated by Weigel et al. (2010), if weights do not appropriately rep-
resent the full range of skills with respect to various parameters as 
well as associated uncertainties in these parameters, ensembles with 
weighted models perform on average worse than those in which all 
models have equal weights. When actual and modeled climate vari-
ability is large, as is the case in our study regions, more informa-
tion may be lost by inappropriate weighting than potentially could be 
gained if weighting is optimal. Largely due to these considerations, 
this study uses only ensembles with equally weighted models (Wei-
gel et al. 2010). Another question is how to evaluate the projected 
changes of climatic parameters for individual cities. In accord with 
what has already been said, the ideal would be to calculate climatic 
norms using local observational data, and to superimpose the trend 
averaged over one of the selected large regions.

Plots in Figure 7.2 show the variety of regional-mean MAAT projec-
tions from individual CMIP5 models (light grey curves), the ensemble 
of all 36 models (dark grey curve), and the optimal ensemble of mod-
els with the best regional accuracy (black curve) for selected regions 
in the Russian North, including the areas underlain by permafrost. 
Hereafter, predictive CMIP5 model runs have been used for the twen-
ty-fi rst century under the high greenhouse gas emission scenarios 
likely to result from the developing world economy (RCP-8.5) (Riahi, 
Gruebler, and Nakicenovic 2007). By 2025, the MAAT in most regions 
of the Russian North is projected to rise by 2–3°C relative to the 1961–
1990 norm, and by approximately 4°C through the mid-twenty-fi rst 
century. Interestingly, except for Western Siberia (region 7), the opti-
mal ensemble predicts higher rates of warming than the average over 
all models. Although the diff erences between the ensemble-means 
are small, the optimal ensemble has an added value in narrowing the 
range of uncertainty in climate projections by eliminating those based 
on GCMs with poor regional accuracy.
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Climate Change and Urban Sustainability 
in the Russian Arctic

Urban development in the Russian Arctic has been largely driven by 
the exploration of natural resources, as well as by the need to support 
marine and river transport operations and maintain defense systems 
in the coastal zone and northern seas. Of the approximately 370 vil-
lages and settlements in the Russian high Arctic (tundra zone), more 
than 80 percent are located in the coastal zone or in close proximity 
to large rivers (Anisimov 2010). Unlike other northern countries, the 
Russian Arctic is characterized by intensive urban developments, and 
has cities with more than 100,000 population, most of whom are per-
manently employed and serve the needs of regional industries (Table 
7.3).

Figure 7.2. | Regional-Mean MAAT Projections from Individual CMIP5 
Models (light grey curves), Ensemble of all 36 Models (dark grey curve), 
and Optimal Ensemble of Models with the Best Regional Skills (black 
curve)
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Table 7.3. | Russian North City Characteristics

Region Cities Population Key local industries

North-
European 
Russia (reg.1)

Arkhangelsk 355,800 Timber production, river port

Kholmogory 4,592 Timber production

Severodvinsk 190,083 ship repair

Shenkursk 5,548 Timber production and 
manufacturing

Vorkuta 70,548 coal

Syktyvkar 253,432 Forestry, timber

Ukhta 99,600 coal

Severomorsk 50,060 Ship repair, fi sheries

Apatity 59,672 aluminium

Zapolarny 15,825 iron

Kandalaksha 35,654 shipyard

Kirovsk 28,625 apatite

Kovdor 18,820 iron

Monchegorsk 45,361 nickel

Murmansk 304,508 Sea port serving the NSR

Nikel 12,756 nickel

Olenegorsk 23,072 nickel

Naryan-Mar 42,844 river and sea port

Petrozavodsk 265,263 Machinery production, 
forestry

West Siberia 
(reg.7)

Nefteyugansk 138,000 oil

Nizhnevartovsk 262,600 oil

Nyagan 57,101 oil, forestry

Surgut 322,900 oil and gas

Khanty-Mansiysk 85,029 Regional administrative 
center

Tyumen 609,650 oil and gas

Nadym 47,360 oil and gas

Novy Urengoy 112,192 oil and gas

Noyabrsk 107,210 oil and gas

Salekhard 46,552 Regional administrative 
center

Urengoy 10,070 gas
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To the extent that the public focuses on the problem, its perception 
of climate change’s impacts on the urban environment in the Arctic 
typically focuses on potentially detrimental consequences for the in-
frastructure built upon thawing permafrost. Numerous examples of 
climate- and permafrost-related infrastructure failure have been pre-
sented in academic and popular publications and are discussed in de-
tail by Dmitry Streletskiy and Nikolay Shiklomanov’s Chapter 9 in this 
volume. Meanwhile, climate impacts are much broader than just those 
associated with thawing permafrost, and include both chal lenges and 
opportunities. Besides thawing permafrost, serious concerns are asso-
ciated with changes in the freshwater ice and the hydrological regime.

Human settlements in the Russian Arctic, including cities with a 
population of over 50,000, are often located in close proximity to riv-
ers, which serve as essential transportation routes linking them with 
other parts of the country. A particular concern with riparian settle-
ments is the risk of fl oods caused by ice jams, which occur in all Arctic 
and sub-Arctic regions. Jams develop abruptly, lead to much higher 
water levels than freshets caused by thermal-driven snow melt, and 
may have potentially catastrophic consequences. Although not dis-
cussed here, fl oods have many positive ecological impacts, such as 

Southern 
Siberia (reg. 9)

Irkutsk 600,000 energy, coal and lignite, 
aircraft, heavy engineering

Central Siberia 
(reg.10)

Norilsk 176,189 nickel, copper, cobalt, non-
ferrous metals

Dudinka 23,923 sea port, part of NSR

Sakha-Yakutia 
(reg.11)

Lensk 24,373 River and road 
transportation, port

Neryungri 62,333 coal

Yakutsk 267,983 administrative center

Mirniy 35,994 diamonds

Aldan 23,371 gold

Chukotka 
(reg.12)

Anadyr 13,529 gold, coal, non-ferrous metals

Magadan 95,925 gold, silver, non-ferrous 
metals

Far East (reg. 
13)

Blagoveshchensk 219,861 Machinery production, 
forestry

Source: Anisimov 2010, updated
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the replenishment of riparian ecosystems in the fl ood plain with water 
and nutrients (AMAP 2011). The mechanism of ice jam fl oods is well 
understood, and besides numerous scientifi c publications, has been 
detailed in the SWIPA assessment report (AMAP 2011). The uneven 
onset of ice break-up in spring leads to ice aggregation at certain lo-
cations followed by elevated water levels and fl ooding in the upstream 
segment of the river. The subsequent release of ice jams is a related 
concern, associated with a steep water wave characterized by high 
fl ow velocity and signifi cant destructive potential (Beltaos and Burrell 
2008). This phenomenon is exemplifi ed by the catastrophic fl ood of 
the city Lensk on the Lena River in May 2001, which is detailed in the 
case study further in this section.

Despite its risks, not all impacts of climate change in the Arctic 
are negative. A less severe climate will reduce the demand for heat-
ing energy, and current observations and model-based projections 
suggest that hydropower generation would benefi t from reduced ice 
periods and increased runoff  in winter, when energy demand is at 
its annual maximum (AMAP 2011). The duration of the ice period on 
rivers in the circumpolar North has been decreasing since the 1970s 
on average by 12 days/100 years with up to 4 times greater rates in 
the high Arctic. Statistically, an increase in autumn and/or spring air 
temperature of 2 to 3°C leads to a 10- to 15-day shift in freeze-up and/
or break-up of the river ice in the Arctic (AMAP 2011). Lengthening of 
the ice-free period on rivers and in the northern seas opens new op-
portunities for transportation over water. In the period 1980–1999 the 
entire NSR was open for navigation up to 45 days per year. With the 
current dramatic decline of sea ice extents in the Arctic Ocean, nav-
igation has become more feasible. According to model projections, 
by the mid-twenty-fi rst century, there will be up to three months per 
year suitable for navigation along the NSR. (See Scott Stephenson’s 
Chapter 8 in this volume for a detailed discussion of transportation in 
the Arctic.)

The potential benefi ts for water transportation are in part balanced 
by the reduced usability of ice roads currently serving the supply 
needs of remote settlements in the Arctic, which would otherwise re-
main isolated in winter. In the coming decades many of the ice roads 
and river crossings may become economically unfeasible necessitat-
ing signifi cant investments into the development of all-weather roads 
(AMAP 2011) (see Chapter 9). Climate change will also have some 
positive implications for the health of Arctic residents, such as a de-
crease of injuries, cold-related diseases, and mortality associated with 
extreme cold temperatures (ACIA 2005).
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Snow

In thinking about the implications for urban sustainability, the role of 
snow is threefold. First, it has direct implications for city maintenance 
costs given the substantial resources required for regular snow clean-
ing of highways, streets, airport runways, and roofs. Snow aff ects the 
performance of the engineered systems of buildings in permafrost 
areas by blocking the ventilation spaces designed to prevent north-
ern buildings from warming (and thus deforming) underlying perma-
frost. Buildings are heated throughout the winter, and special care is 
needed to minimize the warming eff ect on permafrost and keep the 
temperature of the frozen ground below the threshold incorporated 
in the design of the foundation, achieved through constructing open 
basements surrounded by fences with ventilation windows, and by 
means of passive ground coolers. Obligatory maintenance operations 
in northern city management include regular snow removal around the 
buildings to allow the circulation of cold air in the basement through 
the ventilation windows.

Second, snow acts as a thermal insulator, and as such is an im-
portant factor governing the ground thermal regime and the state of 
permafrost. Ground temperature under snow cover is several degrees 
higher than it would be if the surface were exposed to the atmosphere. 
Lastly, the amount of snow accumulated over the cold season and 
the spring temperatures are two main factors governing the severity 
(peak water level rise) and duration of annual freshets, as opposed to 
fl oods due to ice jams.

In summation, a longer snow period and deeper snow cover are 
associated with increased operational expenses in the urban environ-
ment, leading to the warming of permafrost through higher thermal 
insulation during the cold period, enhanced risks for infrastructure on 
pile foundations, and increased peak water levels during spring fresh-
ets. Decreasing snow depth and duration are thus favorable for urban 
Arctic regions.

Shmakin (2010) analyzed observed changes in regional snow char-
acteristics and calculated the sums of solid precipitation over the cold 
period, which is defi ned in his paper as that with daily average air 
temperatures below 1°C. In the Arctic, this period lasts from mid-
fall to late spring. Results indicate up to a 30 percent increase in the 
cumulative amount of snowfall in Chukotka between the 1951–1980 
and 1989–2006 timeframes, mostly due to spring snowfall, which out-
weighed a decline in winter precipitation over the same time period. 
In West Siberia and in the northeast of the European part of Russia, 
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cumulative snowfall increased by 10 percent–20 percent, whereas in 
eastern Siberia, snowfall decreased up to 20 percent (Shmakin 2010).

This study uses the same method described by Shmakin (2010), 
and applies it to CMIP5 model results to construct projections of snow 
period length and cumulative amount of snowfall (in water equiva-
lent) over a period with daily average temperatures below 1°C. This 
study also uses projections of the cumulative precipitation sums for 
the fi xed cold period from October to May to characterize the inten-
sity of seasonal precipitation. Results for each of the study regions in 
the Russian North are presented in Figure 7.3. Snow accumulation 
depends on the seasonal precipitation intensity and duration of the 
snow period. The total amounts of precipitation in the period from 
October to May (Figure 7.3A) are projected to increase with a rate 
varying from 0.82 mm/y in Central Siberia (region 10) to 1.62 mm/y 
in North-European Russia (region 1). The proportion of liquid precip-
itation (rain) in this period will progressively increase with time due 
to warming. Depending on the interplay between the increasing total 
precipitation and fraction of it falling as rain, maximum snow depth 
is projected to decrease in some regions (12 and 13), and increase in 
the others (Figure 7.3B). The duration of the snow period (not shown 
here) is projected to shorten everywhere at a rate varying from –0.70 
d/y and –0.61 d/y in North-European Russia and West Siberia (regions 
1 and 7), to less than –0.43 d/y in Yakutia and Southern Siberia (re-
gions 11 and 9).

Changes in Air Temperature

There are many ways by which air temperature aff ects cities in the 
Russian Arctic. Cumulative degree-days of thawing (ddT—the total 
number of days with temperatures above 0°C) govern the state of per-
mafrost and its ability to support structures built upon it. The tem-
perature regime directly aff ects the budget expenditures on heating 
over the winter period, measured as the duration of the heating pe-
riod (dH), which is defi ned as the period when daily air temperature is 
below 8°C, and heating degree-days (Hdd), defi ned as the cumulative 
sum of the daily diff erences between the physiological comfort tem-
perature (prescribed at 18.3°C) and ambient air temperatures over 
the heating period. Such temperature limits are set in Russian Federal 
regulations for heating standards (Construction code, 2003), and they 
generally align with the principles of heating regulation used in other 
countries (e.g. Day et al. 2003; Isaac and Vuuren 2009).
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Figure 7.3. | Projected Regional Changes in the Cumulative Amounts of 
Precipitation in the Period October–May (A), and in the Snowfall Period 
with Temperatures Below 1°C (B)
Note: Calculations are based on CMIP5 ensemble climate projection under the RCP-

8.5 emission scenario.
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Projected changes in the degree-days of thawing are presented in 
Figure 7.4. According to these data, the expected rate of ddT rise 
(trend) decreases from west to east in the Russian Arctic, varying be-
tween 16.5 degree-days per year (°C d/y) in North-European Russia 
(region 1) and 15.7°C d/y in West Siberia (region 7), to 11–12°C d/y 
in the Central Siberia, Yakutia, and Chukotka (regions 10 through 
12 in Figure 7.4). By 2050, the Russian Arctic will be accumulating 
much more heat during the summer. Except for Chukotka (region 12) 
all regions will be characterized by ddT rates higher than those of 
present-day North European Russia (region 1), where permafrost is 
relatively warm. By the end of the century the regional-mean ddT 
everywhere in the Russian North is projected to rise well above the 
current ddT level in the warmest of all permafrost regions.

Khlebnikova, Sall, and Shkolnik (2012) used observational data 
and calculated changes in the demand for heating energy between 
the two periods of 2001–2010 and 1981–2000. According to results 
of this study, Hdd dropped by 200–300°C d (about 5–8 percent) in 
North-European Russia, by less than 200°C d (0–2 percent) in West 
Siberia, and by 200–500°C d (2–5 percent) elsewhere in the Russian 
North. Projected changes in the heating regime have been addressed 
by several Russian publications, some of which have been summa-

Figure 7.4. | Projected Changes of Thawing Degree-Days (ddT), °C d
Note: Calculations are based on CMIP5 ensemble climate projections under the RCP-

8.5 emission scenario.
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rized in English by Anisimov and Vaughan (2007). According to these 
results, demand for heating energy in the Russian Arctic is expected 
to decrease up to 15 percent under projected mid-twenty-fi rst century 
climate conditions, whereas the duration of the period when heating 
in the northern cities is needed will decline by up to one month.

These fi ndings have been updated with the most recent CMIP5 cli-
mate projections, and scaled down to selected regions in the Russian 
North. Projected characteristics of the heating regime for specifi c re-
gions are presented in Figure 7.5. The rate at which the demand for 
heating energy is decreasing in the Russian Arctic (Hdd trend, Figure 
7.5B) varies from –21.8°C d/y in North-European Russia (region 1) 
to –27°C d/y in West Siberia (region 7) and –30.2 to 31.7 in Yakutia 
and Central Siberia (regions 11 and 10) due to the cumulative eff ect 
of less severe winters and the shortening of the heating period (dH, 
Figure 7.5A).

River Floods

Climatic warming will lead to changes in the frequency, duration, and 
severity (peak water levels) of fl oods on northern rivers. The current 
situation, available data, and trends in the frequency and severity of ice 
jams on northern Russian rivers have been analyzed in papers by Buzin 
(2007) and Buzin and Kopaliani (2007, 2008). A summary of their fi nd-
ings in English is given in the SWIPA assessment report (AMAP 2011).

In 2007 Buzin and Kopaliani predicted in the near-term period of 
2010–2015 that ice-jam fl oods on major Siberian rivers would aff ect 
larger proportions of the total channel length, become more fre-
quent, and have much higher peak water levels than in the baseline 
period before 1977 (Map 7.2). One of the driving factors governing 
such changes is the delay of ice break-up at latitudes 58° to 60°N 
due to distinct temperature gradients that often occur in this zone 
in spring. Particular concerns were associated with the Severnaya 
Dvina, Sukhona, Vug, and Pechora Rivers that traverse urbanized ar-
eas in north-European Russia. Many cities located along these rivers, 
including Shenkursk, Kholmogory, Archangelsk, Naryan-Mar, and 
Veliky Ustug, were likely to be aff ected by an increased frequency 
and severity of ice-jam fl oods, although projected near-term changes 
were smaller than in Yakutia and Chukotka. The frequency of fl oods 
in North-European Russia was projected to increase by 20 percent 
at most, while peak water levels were expected to increase by 35–50 
percent. Our analysis suggests reasons why these explanations were 
not correct.
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Figure 7.5. | Projected Regional-Mean Changes in the Characteristics of 
the Heating Regime
Note: A—heating period length. B—heating degree-days. Calculations are based on 

CMIP5 ensemble climate projection under the RCP-8.5 emission scenario.
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Ice dynamics are largely governed by the thermal gradients along 
rivers (AMAP, 2011). For northward-fl owing rivers, such as those in 
the Russian Arctic, the onset of warm temperatures and ice break-up 
come earlier upstream, ultimately leading to ice jams downstream. 
Climatic warming could change the situation to the better by lowering 
the thermal gradient along rivers in spring, if the rate of warming in 
the downstream segments exceeds those upstream. Alternatively, if 
climatic warming leads to the enhancement of the thermal gradients 
along rivers, there is a potential for the increased frequency and se-
verity of ice jam fl oods.

Figure 7.6. | Projected Air Temperature Changes for the Spring Break-up 
Period (May) Relative to the 1961–1990 Norm
Note: Figure A—2006–2015, Figure B—2016–2025

A
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Projected spring temperature changes are an important spatial 
feature, especially those in May, which is the most common month 
for ice-jam fl oods to occur in the Russian North. The maps in Figure 
7.6 illustrate the projected May temperature changes relative to the 
1961–1990 norm. Results for several decadal time samples (only two 
of which are shown in Figure 7.6) consistently show a tendency to-
ward greater warming in the downstream channel segments on all 
northern rivers. This will lead to a reduction in the current tempera-
ture gradient so that ice breakup will be increasingly driven by ther-
mal factors rather than mechanical ice action. Such changes are likely 

B



168 | Oleg Anisimov and Vasily Kokorev

to reduce the probability of ice jams nearly everywhere in the Russian 
North, except for a few locations indicated by circles on the maps, 
including the segment of the Lena River in the vicinity of Yakutsk and 
a small segment of the Yenisei River. This result does not support 
the conclusion of Buzin (2007) and Buzin and Kopaliani (2007, 2008) 
regarding the increased frequency of ice-jam fl oods on larger propor-
tions of river channels in the next several years.

Case Study: 2001 Flood in Lensk

The history of Lensk4 is illustrative of man’s failure to plan for natural 
risks in the construction of cities in the North. Lensk existed for many 
years in harmony with nature; however, planning decisions made in 
the 1950s placed a new part of the city on a fl ood plain. In 2001, this 
decision led to disaster when the Lena River fl ooded and destroyed 
much of this construction. Unfortunately, the authorities did not learn 
from this mistake: after a visit from President Vladimir Putin, the city 
was quickly rebuilt in the same location.

Existing records show that Lensk was founded no later than 1663. 
The settlement’s original name was Mukhtuia, which means “Big Wa-
ter” in the Evenk language. In the 1730s, during Vitus Bering’s sec-
ond expedition to Kamchatka, a post offi  ce was established in Mukh-
tuia on the road linking the cities of Irkutsk and Yakutsk. In the nine-
teenth century and the early part of the twentieth century, the village 
received political prisoners exiled from European Russia. The popula-
tion of no more than 500 people worked at the post offi  ce and in main-
taining the road, in agriculture (raising cattle and cultivating potatoes 
and vegetables), and trapping fur. In the 1930s, the local economy ex-
panded to include timber production and inland river transportation.

Everything changed in 1956, when the village became the head-
quarters for the construction of the new city of Mirnyi, set up to mine 
the diamonds found in a volcanic kimberlite pipe 231 km inland (by 
air) from Mukhtuia. The village benefi tted from its proximity to the 
river Lena and soon became a base in the supply system that was 
vital to develop the lucrative diamond industry. Within one year, the 
population increased from 2,000 to nearly 8,000 people, and peaked 
at 30,900 people in 1992. Most of the population served the various 
needs of the diamond industry and its mining operations in Mirnyi.

In 1963 Lensk met the requirements to achieve offi  cial designation 
as a city. By that time it had a well-developed urban infrastructure, with 
multistory buildings, river links, an airport, and a 280-km all-weather 
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road connecting it to the recently built diamond-producing center of 
Mirnyi.5 Proceeds from the diamond industry fi nanced the develop-
ment of the city, but the builders put little thought into the kind of 
urban planning required to protect the new structures from natural di-
sasters, particularly fl oods. Due to this inappropriate planning, in 1956 
construction of the new part of the city took place on a fl ood plain.

In May 1998 the abrupt onset of warm weather caused rapid snow-
melt and led to severe fl ooding of the Lena River. On 17 May, the water 
level peaked at 17 meters above the norm, damaging many structures. 
The estimated economic loss in Lensk and smaller towns on the banks 
of the Lena totaled 872.5 million rubles (equivalent to approximately 
US$148 million at the 1998 exchange rate).

The next year, the river fl ooded again, nearly reaching the height 
of the fl ood in 1998. It should have been possible to learn lessons 
from the experiences of 1998 and later years and, if it were not pos-
sible to protect the city from the rising waters, to at least minimize 
any unavoidable losses. Yet to prevent fl ooding in 2001, the Yakutian 
authorities considered it suffi  cient to spend only 15 million rubles (ap-
proximately US$530,000), or 0.05 percent of the republic’s budget. 
Unfortunately, the fl ooding in May 2001 turned out to be much worse 
than in previous years. As a result, the federal government had to pay 
6 billion rubles (US$214 million) to repair the damage caused by the 
waters and rebuild the almost completely destroyed city. Given the 
extent of the damage, the republic’s government was unable to pay 
for the losses, so the federal government was required to spend 400 
times what had been spent earlier on preventive measures.

Already by March 2001, the Lena basin showed all of the major risk 
factors for future fl ooding. The previous winter had been cold and 
snowy, with snow packs greatly exceeding the norm. The thickness of 
the ice on the Lena was on average 20–30 cm greater than usual, and 
in places exceeded the multiyear average by 1.5 to 2 times, reaching 
3 meters. In the beginning of May the diff erence in temperature in 
the fl ow of the Lena in Irkutsk Oblast and Sakha (Yakutia) Republic 
reached 20°C, making possible the accumulation of a large quantity 
of water in the upper reaches of the Lena River and its tributaries 
and an earlier ice melt in this area (with a normal river fl ow, the ice 
melt would start later). The water began to fl ow with unusual speed: 
in the course of a day, the ice “jumped” 250 kilometers and tumbled 
onto Batami Island, located 40 km downstream from Lensk, where an 
80km ice jam formed.

The water began to rise at the speed of 35–40 cm/hour. On 17 May, 
it reached a critical point, and the dike protecting Lensk gave way, 
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allowing water to fl ow directly onto the city’s streets. By noon on 18 
May, the level of the water in the city had risen by more than 20 me-
ters. All of the ships that had been in the river were crushed by the 
ice and sunk. At 4:55 pm, the ice logjam was broken and ice began 
to fl ow on all parts of the Lena River. As a result, the level of water 
began to drop with a speed of 1.5–2.5 cm/minute. In Lensk and the 
surrounding area (Batamai, Saldykel’, Nyuya, Natora, and Turukta), 
3,331 homes were completely destroyed and 1,831 required exten-
sive reconstruction. In addition, 396 km of electrical lines, 164 sub-
station transformers, 470 km of communication wires, and 5 radio 
transmission stations were damaged. It was necessary to restore 184 
km of roads, 2 bridges, 7 healthcare centers (clinics, hospitals, natal 
care centers), and 26 schools and child care facilities. Approximately 
31,000 people lived in the aff ected area; of these, 8 people died and 
more than 20,000 suff ered property damage. The furnaces were de-
stroyed in the houses that were fl ooded (with a cost of tens of thou-
sands of rubles each) and often all that was left were bits of clay. The 
Lena River turned into a carpet of fl oating fi rewood heading for the 
Laptev Sea. During winter, every Yakutian resident needs 30–40 cu-
bic meters of wood for heating; with the loss of the old wood to the 
fl ood, the locals had to gather new wood to replace it. The residents’ 
ice-cellars also fl ooded, ruining the food supply of frozen fi sh kept 
there. After the fl ood, it was typical to fi nd huge chunks of ice on the 
streets of the city. Many small homes were destroyed or completely 
torn from their foundations.

Could this disaster have been avoided? Many scientists suggest 
that one problem was that the authorities did not carry out the annual 
dredging that had been conducted in previous years. Before regular 
dredging began along the Lena, the water rose above the critical level 
near the city of Yakutsk once every 7–12 years (1917, 1924, 1933, 
1946, 1958, and 1966). But when the dredging was regularly per-
formed (1970–1990) and the river was at least 3 meters deep near 
Yakutsk, rising waters were not a problem. During those years, just 
in the part of the river lying below Yakutsk, dredgers removed 5–5.5 
million cubic meters of soil just to clear one navigation route. With 
the end of the dredging work and the gradual transition to the natural 
state of the river, there began to be a series of spring fl oods (1998, 
1999, and 2001). Consequently, it can be concluded that human inac-
tion, in addition to the natural tendencies of the river, was a cause of 
the 2001 fl ood in Lensk.

The subsequent development of events was even more interesting. 
On 24 May, Russian President Vladimir Putin arrived in Lensk and 
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held a meeting with offi  cials to discuss how to deal with the conse-
quences of the fl ood, stating at the session opening, “First of all, I 
want to know what was and was not done to prevent the tragedy, and 
if something was not done, why not?” (Gafutulin 2001). The Russian 
leader described the situation in the aff ected area as diffi  cult and an-
nounced that 30,000 had suff ered as a result of the fl ood, adding that 
the destroyed parts of Lensk would be rebuilt in the same place. On 
that day, the State Duma adopted a special ruling about Yakutia. Ulti-
mately, Lensk was rebuilt by the deadline established by the Russian 
president and government—1 October. The decision of the president 
and government to restore the city on its previous location, apparently 
adopted to confi rm the thesis that Russians are stronger than nature, 
continues to arouse amazement and questions from specialists, espe-
cially given the possibility that the dramatic events of 2001 could be 
repeated.

Conclusion

The results presented in this chapter illustrate that cities in the Rus-
sian North will be facing numerous challenges and opportunities in 
association with climate change. Data in Table 7.4 summarize the 
projections of the regional-mean climatic and hydrological character-
istics that have been selected for analysis in this chapter due to their 
potential impacts on the urban environment. While these data draw 
a general pattern of the rates of regional changes, there are large 

Table 7.4. | Projected Changes in the Regional-Mean Climate 
Characteristics

Re gion

ddT,
°C 

d/10y

Hdd,
°C 

d/10y

Snow 
period, 

days/10y

fl ood 
frequency, 

%

water 
level, 

%

North-European Russia 
(reg. 1)

164.9 –218.3 –6.4 0–20 35–50

West Siberia (reg.7) 157.4 –270.9 –5.8 0–20 35–50

Southern Siberia (reg. 9) 131.9 –209.5 –4.5 50–300 60–85

Central Siberia (reg. 10) 119.9 –316.6 –5.3 0–20 35–50

Sakha-Yakutia (reg. 11) 110.5 –302.8 –4.9 20–50 50–60

Chukotka (reg. 12) 118.2 –311.1 –7.0 50–100 60–75

Russian Far East (reg. 13) 135.6 –235.8 –4.6 20–50 50–60
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gradients of baseline climatic conditions within each region, and the 
particular impacts on specifi c cities depend on local conditions.

Caution should be used, as due to the presence of the south-north 
gradient within each region, these regional-mean data are not suitable for 
direct application to specifi c locations such as individual cities. To 
get insight into smaller levels of spatial details, one can use city-spe-
cifi c norms calculated through observational data from local weather 
stations and overlay it with regional trends, such as those in Figure 
7.4. The latter are likely to be representative for the entire region since 
homogeneity with respect to the rate of climatic change has been one of 
the key considerations behind the regionalization developed in this study 
(Map 7.1), applicable to nearly all results presented in this section, 
except for projections of fl oods, which are specifi c to river basins.

Overall, this chapter shows that Russia’s north can expect 
extensive changes in its climate and that urban planners will have to 
take these changes into account. While the changes will diff er from 
place to place, it is clear that there will be, on average, warmer 
temperatures. Subsequent chapters will examine the consequences 
of these climate changes for transportation and urban infrastructure.
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