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Climate change impacts in Russia’s territory make species and ecosystems conservation in Protected Areas a
more difficult challenge. Additional adaptation measures are required. Before they are developed, it is important
to assess the vulnerability of a territory: what exactly, and to which extent, is exposed to adverse climate im-
pacts? The accomplished research will help develop an action plan consistent with the current unstable climate
and extreme weather events, as well as with projections by the leading research institutions of Roshydromet and
the Russian Academy of Science. Today, methodologies have been developed and successfully tested for some
natural zones. The conservation science is now facing a new challenge: how to combine collected information
with climate projections and identify development perspectives for concrete territories.
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Articulation of problem
and sources of information

Over the recent 30 or 40 years, a climate
change, which is basically induced by the increas-
ing concentration of atmospheric CO,, has explic-
itly manifested in the larger part of our country
through changes in the average air temperatures
and duration of seasons and through growing fre-
quency and intensity of natural hazards (Assess-
ment Report, 2008; Second Assessment Report,
2014; Report on climate features, 2017).

Species and ecosystems are responding to
this changing environment. The following reac-
tions have been noted: shifts in species’ habitats,
often along the altitudinal gradient; changes in
life cycle stages, or phenology, of species; broken
co-evolution ties, such as between plants and pol-
linators; impact on demographic indicators, such
as survival and fertility; reducing populations (par-
ticularly of boreal and mountain species); extinc-
tion or displacement of isolated, restricted range of
endemic species and populations; loss of habitats
with the rising sea level and increasing frequency
of wildfires and bark beetle manifestations; chang-
ing weather conditions, glacier retreats, and direct
increase in the air temperature in habitats (for ex-
ample, in mountain rivers); active propagation of
diseases, parasites and zoonoses (including Lyme
disease and plagues) that are natural in the wild
world; increasing populations of invasive species
that are direct competitors to native protected spe-
cies; propagation of invasive species, including
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plants, animals, and micro-organisms (Mawdsley
et al., 2009; Post et al., 2009).

Nature protection in a changing environment
is a more difficult challenge than in a stable cli-
mate. Some 30 years ago, the general belief was
that species protection was about saving species
from direct adverse anthropogenic impacts; how-
ever, with a new factor added, it is important to
take another look at the problem and decide if the
measures being taken are sufficient. What manage-
ment decisions should be taken to guarantee spe-
cies protection today and after 20 or 30 years?

Decision-making should be information-
based: what is happening in Protected Areas (PA)?
How has the environment changed? How does
climate change affect protected species and eco-
systems (favourably or adversely)? In other words,
vulnerability (resilience) assessment should be the
first step of adaptation measure development.

Therefore, the conservation science is cur-
rently facing a new challenge which largely de-
termines successful conservation of species and
ecosystems in PAs.

The purpose of this research is to systematise do-
mestic experience in estimating a territory’s vulnera-
bility to climate change for further application in PAs.

The goals are:

— to analyse the available methodologies and
data sources related to climate change in individ-
ual territories;

— to assess their practicability for PA climate
change’s vulnerability estimations.
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Terminology

There are many definitions of vulnerability and
resilience in biology/ecology/geography. Since
this research deals with climate change, it uses def-
initions as adopted by the World Meteorological
Organization (WMO), Intergovernmental Panel on
Climate Change (IPCC), and Roshydromet:

Vulnerability — is a system’s exposure to ad-
verse impacts of climate change and/or inability to
offset these impacts. It is rarely determined by only
one factor; rather, it is a product of a variety of nat-
ural, anthropogenic, and social processes (IPCC,
2013, 2014). Vulnerability assessment should take
account of additional, other than climate, factors.

Resilience — is the ability of social, economic,
or natural ecosystems to cope with disaster impacts
or climate change trends: to offset the external im-
pacts, i.e. keep functioning effectively (IPCC, 2014).

Adaptation — is the adjustment in natural or hu-
man systems in response to actual or expected cli-
mate stimuli or their effects, which moderates harm
or exploits beneficial opportunities (IPCC, 2014).

The 1961-1990 climate is normally taken for
baseline, because this is the period when climate
change effects manifested on a small-scale, if at all.

Abundant climatology terms make it difficult
for professionals from other areas to understand
and use the information. National and interna-
tional climate change assessment reports always
include glossaries of terms. Smaller bilingual
thematic glossaries can also be used (Kokorin et
al., 2015). In order to get a basic understanding
and start work it would be sufficient to familiarise
with simple, yet scientifically correct, educational
courses for a diverse audience, for example, de-
veloped by WWF US «What is climate change?»,
«Key concepts in climate change adaptationy,
«Understanding vulnerability», «Wildlife and
climate change» (WWF Adapt, 2017). Most of
them have been translated into Russian and can
be used, inter alia, for training courses.

More information about natural climate cycles
of different duration versus today’s climate change
can be found in Assessment Reports (2008, 2014)
or in the literature specially adapted for non-clima-
tologists (Kokorin et al., 2013a,b).

Data from Roshydromet’s main weather sta-
tions are available free of charge to those regis-
tered at the website of Russian research institute
for hydrometeorological information — global data
centre (http://meteo.ru/data).

Plenty of useful information, in addition to
weather forecasts, can be found on Roshydromet’s
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website (http://www.meteorf.ru/product/info/).
Some of this information is only for individual re-
gions so far: Meteo-Alarm is for mapping hazards
in the territories of Central and North-West Federal
Districts, to provide urgent information on hazard-
ous situations, forecasts of dangerous and unfa-
vourable weather events in Russia’s territory, maps
of wildfire hazards in forests throughout Russia
and Moscow Region, overview of agrometeoro-
logical conditions and development perspectives,
mapping meteorological extrema over the last 24
hours, operational satellite imagery by Federal In-
stitution «NITs “Planeta”, wildfire monitoring,
thunderstorm records, etc.

Methods and data

to assess climate change vulnerability

Various methodologies to assess climate change
vulnerability of territories and facilities have been
being increasingly published over the recent years.
They normally include some standard stages that
can be found in several sources, both Russian and
foreign. An example of such a methodology to as-
sess the vulnerability of the Altay-Sayan ecoregion
(Kokorin et al., 2011) is presented below:

1) description of territory and forecast of po-
tential change induced by current plans for the re-
gion’s social and economic development (ecosys-
tems, species, traditional natural resource manage-
ment in PAs, tourism development perspectives,
potential change in zoning/borders, etc.);

2) analysis of observed and potential impacts
of climate change by types of hazards;

3) vulnerability assessment by types of haz-
ards and total potential damage scenarios;

4) identification and cost estimates of potential
adaptation measures;

5) identification of information gaps and direc-
tions for further research.

Integration of economic parameters and cur-
rent action plans into climate change vulnerabil-
ity assessments allows for a more comprehen-
sive picture. Since direct cost estimates of natural
ecosystems and, therefore, of the damage caused,
cannot be obtained, economic estimates may sub-
stantially differ depending on the indirect methods
used. Therefore, it would be useful to supplement
economic estimates with other indicators, such as
the number of individuals of rare and endangered
species, area of high fire/flood/mudflow/avalanche
risk, etc. (Kokorin et al., 2011).

Where large grants are available abroad for
scientific research, special modelling of climate
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change is used to assess vulnerability. It is nor-
mally practiced for a territory much larger than a
PA, (for example, for the Mediterranean) and pro-
duces several climate change scenarios to the end
of the XXI century. Climate maps are developed
based on the projections obtained. An assessment
was made, as to which part of the current Mediter-
ranean-climate zones will be covered by Mediter-
ranean landscapes in the future. Whereas in Chili
Mediterranean-climate regions are expected to
show 129-153% increase, in Australia they will
shrink to 77-49% depending on the scenario. To-
day, only 4% of Mediterranean-climate zones on
earth are protected (versus 12% global average for
all types of biomes). Depending on the emission
scenarios, only 50-60% of the current PAs will
remain Mediterranean-climate zones. At the same
time, anthropogenic pressure will aggravate lead-
ing to the degradation of landscapes. The authors’
recommendation is to get started planning and es-
tablishing a new PA and ecological corridors to
ensure species migration and protection within the
new borders of Mediterranean-climate landscapes
(Klausmeyer & Shaw, 2009).

Modelling helps identify the ecosystem shift
velocity and find new refugia for species. In the con-
text of climate change, a PA with a larger territory
and greater landscape diversity is more effective in
terms of species and ecosystems protection. For the
purpose of risk mitigation it is recommended to in-
crease the territory of existing PAs, particularly in
the most vulnerable regions (Loarie et al., 2009).

The downside of the methodologies above is
their low spatial resolution. Vulnerability assess-
ments determine how climate zones will shift, and
so how landscapes and species distribution will
change. They do not consider a concrete PA with
its specific set of species and ecosystems, but rather
formulate findings based on general regional trends.

However, with strong and clear climate change
trends, even a regional-level projection provides
good enough grounds for national-level decision-
making. For example, the III-VI National Commu-
nication of Kazakhstan Republic to the United Na-
tions Convention on Climate Change (UNFCCC)
(2013) states, that the current climate change veloc-
ity accelerates, and so natural adaptation is practi-
cally unfeasible (meaning exacerbating aridization
of climate in the country). The basic challenge, in
terms of ecosystems conservation, is to assist species
and ecosystems in adjusting to the new conditions
in their habitats. Ecological corridors, as one type
of PA, are created exactly for this reason; the same
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is true for changes in land use and resource man-
agement systems and monitoring of etalon types of
ecosystems in PA. There are plans to sustain natural
populations of rare species through artificial repro-
duction, to restore damaged natural ecosystems, to
prevent invasion of alien species that are aggressive
to the native ones, etc. Goals are formulated as the
development of short- and long-term projections for
vulnerable ecosystems and indicative plant and ani-
mal species, risk assessment for endangered popu-
lations, species, and communities (III-VI National
Communication, 2013).

Another approach implies the estimation of
climate change vulnerability and dynamics of in-
dividual species. Habitats are mapped with vari-
ous temporal and spatial resolutions to further
estimate if the future habitat of a rare species is
located within PAs of particular types, to suggest
ecological corridors and identify territories to en-
sure the survival of a particular species (Hannah
et al., 2005; Hannah, 2008). Likewise assessments
are made for marine PAs (McLeod et al., 2009). In
an existing PA, it is recommended to identify, and
primarily seek to protect, areas that provide impor-
tant resources for animals, such as water, food, and
shelter, and will keep performing their functions in
the decades to come (Olson et al., 2009).

So far, research efforts that look to assess cli-
mate change implications for a concrete PA and
species are sporadic. Typically, the goal is to es-
timate a territory’s overall vulnerability with cli-
mate factors viewed as indirect anthropogenic
impacts (Ervin, 2003).

In Africa, a research was accomplished based
on important bird areas (Hole et al., 2011). Not only
did it project the evolution of natural environments
and species distribution, but also provide recom-
mendations for adaptation measures by PAs (Fig. 1).

A simplified methodology to assess long-
term resilience to changing natural environ-
ments was developed specifically for Russia’s
Protected Areas (Stishov, 2012). It is helpful for
primary assessments of climate change impacts
on PAs, particularly where detailed climate in-
formation is not available.

According to Stishov (2012), there are two as-
pects to PA resilience:

1) conservation sustainability, i.e. a territory’s
potential to sustain its natural complexes and ele-
ments thereof in their current form (is determined
by a territory’s geographical position, area, and
landscape diversity, as well as by climate change
resilience of the lithogenic base of landscapes);
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Fig. 1. (a) Proportion of priority bird species projected to emigrate relative to proportion of priority species projected to
colonize (log scale) by 2085 each of the 803 mainland sub-Saharan Africa Important Bird Areas (IBAs). Climate-change
adaptation strategy (CCAS) categories into which IBAs are classified are purple, high persistence; green, increasing spe-
cialization; red, high turnover; blue, increasing value; yellow, increasing diversification. (b) Spatial distribution of IBAs in

the five CCAS categories (Hole et al., 2011).

2) dynamic sustainability, i.e. ability to ensure
a natural geographic distribution of biota and bio-
coenotic cover in changing environments.

The geographical location is a factor that
largely determines inclination to a particular
change. For example, with climate change-induced
geographical range shifts, territories adjusting the
range boundaries will be exposed to faster and
more dramatic change. The proximity to the sea
shore or to a large inland water body makes a PA
prone to faster and more violent ecosystem change
as a result of more active interaction between sea
and land air masses, sea level change, coast ero-
sion, etc. The proximity to areas of extreme cli-
mate (i.e. extremely high or low air temperatures,
extreme aridity or precipitation, extraordinary
rainfalls and hurricanes) makes a PA’s territory
potentially vulnerable. In extreme climates, eco-
systems are always much more sensitive, and so a
change that would be immaterial for a more stable
climate may completely reshape, or even destroy,
them (Stishov, 2012).

How much a territory will be affected by cli-
mate change-induced landscape and ecosystem re-
shape (climate change-induced geographical range
shifts) depends on its size. Landscape diversity
determines if more or fewer ecosystems will be
unimpaired, or just slightly impaired, by climate
change; it also contributes to sustaining popula-
tions and communities when climate change is un-
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favourable for them in various refugia (extrazonal
habitats, etc.) (Stishov, 2012).

Of all landscapes, those related to permafrost
and glacier ablation zone are the most sensitive to
climate change. They quickly respond to increasing
temperatures by restructuring the lithogenic base,
which sometimes results in an irreversible change.
Also very sensitive are coastal landscapes, which
may be substantially impaired by the increasing
sea level or by coastal erosion (Stishov, 2012).

Extrazonal and relic diversity of biota is a fa-
vourable factor improving landscape resilience.
With tangible climate change effects, extrazonal
and relic elements may become a natural basis, on
which new biotic complexes can develop to fit the
new climate conditions. Connections between PAs
and other undisturbed, or low-disturbed, territories
allow for more or less natural and free migration
of not just some species, but of the whole flora and
fauna complexes (Stishov, 2012).

Our resilience assessment research allows it
to reveal the indications of a territory’s climate
change vulnerability. A more accurate estimation
of future climate change impacts requires a more
serious and detailed research directly based on me-
teorological and climate information, maps, and
remote sensing data.

Research institutes of Roshydromet and the
RF Academy of Science have analysed the avail-
able methods and developed a new one to assess
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climate change implications for physical and bio-
logical systems (Semenov et al., 2012). The aver-
age annual temperature and precipitation trends
are important indicators, yet not nearly as infor-
mative for practical purposes as the parameters
that can seriously affect biota/landscapes/econo-
my. These parameters primarily include a variety
of extremes, but also:

—the number of days with precipitation above 30
mm (i.e. frequency of extremely heavy precipitation);

— the largest five-day precipitation in a given
month (this parameter describes the intensity of
the heaviest precipitation series, including those
resulting from strong front systems and cyclones);

— the number of days that meet the atmo-
spheric drought criteria (diurnal precipitation
less than 5 mm with a maximum air temperature
above 25°C at middle and high latitudes or above
30°C at low latitudes);

— the number of days with 10% probability of
minimum air temperatures (i.e. integral occurrence
of the climate parameter is below or above certain
thresholds) for two or more consequent days;

— 10% probability of minimum air temperatures;

—90% probability of maximum air temperatures;

— the number of days with more than 7°C de-
crease in the average daily temperatures compared
to the previous day (such situations correspond to
the most intense cold fronts that often bring squalls,
tornadoes, etc.);

— duration of the frost-free period over a year;

— duration of the vegetation period (the num-
ber of days in a calendar year with an average air
temperature above 5°C for five or more consequent
days) (Semenov, 2012).

Also important are:

— minimum air temperatures over a year;

— maximum air temperatures over a year;

— maximum wind gust speed, wind direction;

— snow thickness;

— frequency of air temperature crossing the
0°C threshold;

— the number of fine/cloudy days;

— the number of foggy days;

— the number of thunderstorm days.

The above list of key climate parameters is the
largest possible. It may be cut depending on the
specific features of a particular territory. It is im-
portant to estimate exactly the parameters that can
substantially affect living organisms and the land-
scape structure.

Information that would be useful for a quick
assessment of a territory’s climate change vulner-
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ability can be found in regulations that specify cli-
mate parameters for the construction of buildings
and facilities in Russia’s regions, because a simi-
lar set of parameters is used in the construction
sector (Building Climatology, 2012). For a prima-
ry assessment, one may want to look up informa-
tion for the settlement nearest to a Protected Area
(or weather station), if the climate conditions are
similar (this makes sense for recently established
PAs, which have not yet accumulated sufficient
data series). The inventory specifies, that climate
parameters for settlements that are not included in
the tables and are located at the sea coast or by
large inland water bodies, or in areas above 500
m in altitude, or more than 100 km away from the
weather station, should be determined through in-
quiries to the Building Physics Research Institute
(NIISF RAASN), Voeikov Main Geophysical Ob-
servatory (MGO), or Roshydromet’s territorial di-
visions for hydrometeorology and environmental
monitoring (Building Climatology, 2012). While
using the inventory it is important to remember
about the sensitivity of living organisms to fa-
vourable and unfavourable events, as well as the
ability of animal species to migrate and of plant
species to invade new territories. The seasonality
factor plays an important role in the building cli-
matology, and so plenty of data in inventories are
split, which is also useful to assess the situation
in a Protected Area. The following parameters are
important all year round:

—average monthly and annual air temperature, °C;

— mean and maximum ambient air temperature
diurnal range.

For the cold season the following parameters
are used:

— air temperature of the coldest day, °C;

— air temperature of the coldest 5-day period, °C;

— mean ambient air temperature, °C;

— absolute minimum ambient air temperature, °C;

— average daily air temperature range of the
coldest month, °C;

— duration (number of days) and average air
temperature (°C) of periods with average daily air
temperatures < 0°C, < 8°C, < 10°C;

— average monthly relative air humidity of the
coldest month, %:;

— average monthly relative air humidity of the
coldest month at 15:00, %;

— precipitation from November through
March, mm;

— prevailing wind direction from December
through February;
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— maximum speed of average wind speeds by
directions in January, m/sec;

— average wind speed, m/sec, for a period of
average daily air temperature < 8°C;

The following parameters are used for the
warm season:

— average air temperature, °C;

— average maximum air temperature of the
warmest month, °C;

— absolute maximum air temperature, °C;

— average daily air temperature range of the
warmest month, °C;

— average monthly relative air humidity of the
warmest month, %;

— average monthly relative air humidity of the
warmest month at 15:00, %;

— precipitation from April through October, mm;

— daily precipitation maximum, mm,;

— prevailing wind direction from June
through August;

— minimum speed of average wind speeds by
directions in July, m/sec;

The above assessment methods are based on
decades-long statistical data and help estimate
trends by comparing the recent data against the
baseline period.

A special challenge is to use projections to as-
sess future climate change and its implications.

Practical use of climate data

What conclusions related to a territory’s cli-
mate and implications for ecosystems can be drawn
from the above data set?

First of all, trends and projected evolution
of average temperatures and precipitation can be
used to assess the shape of ecosystems and indi-
vidual species: basic changes may be favourable
for some of them, but immaterial or negative for
others. So lists and maps can be developed to
better focus on the conservation of vulnerable
species and ecosystems.

Changes in the average annual, seasonal, and
monthly temperatures normally well correlate with
phenological phase shifts. However, for a concrete
year, weather parameters and extreme events may
cause deviations either way. For example, a cold
winter and a warm spring may offset each other
resulting in a year with no change in mean annual
temperature, yet with an earlier beginning of the
vegetation period.

Extreme weather events are not only intrinsi-
cally hazardous, but they ought to be considered in
combination with their impacts.
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Heat waves and droughts bring increased fire
danger, and not in the forest zone alone. However,
in 95% of all the cases a fire starts with an anthro-
pogenic source. A dry thunderstorm or a drop of
wood tar is a rare cause for the fire.

Abundant snowfalls may be a serious prob-
lem for ungulates and provoke avalanches in
mountainous areas.

Damage from ice rain and snow crust depends
on the thickness of the skare, and on whether or
not it reaches down to the soil, and on how long it
persists. Besides, it is important how frequent such
events are. In Finland, some 30 years ago thaws
and skare occurred just once in a winter, and not
every year, whereas nowadays they happen 3 or
4 times every winter posing serious problems for
reindeer breeding (Roturier et al., 2017).

Heavy rainfall may bring floods and mud-
flows, and the damage induced thereby depends
not only on the precipitation amount, but also on
the types of landscape and on how badly disturbed
they are. Deforestation, disturbed vegetation cover,
and steep slopes can exacerbate the adverse effects
many times over.

With heavy rainfall and floods, it is also im-
portant to assess the perspectives for coast erosion
and changes in riverbeds, potential development of
jams and the impacts they may have, as well as
karst formation processes.

Fog and poor visibility can make work in PAs
difficult and temporarily cancel tourist excursions;
but what is worse, they can affect the yield of insect-
pollinated plants and, therefore, animal feedstock.

Hurricane-induced damage depends on the
wind speed, but also on the season of the year, air
temperature, precipitation during and before the
hurricane, wind direction, vegetation. On the sea
shore, the wave height also plays a role of impor-
tance. For example, strong wind in Khakassia in
2015 coincided with a severe drought and brought
a substantial damage, because in some localities it
was impossible to put out the spreading fire, and
propagation speed increased with wind (Report
on climate features, 2016). Dust- and snowstorms
are mostly seasonal events. For their specificity,
spruce forests are much more vulnerable to hur-
ricanes than pine or mixed forests. Where blocks
ofice are cast ashore by a sea storm, damage to the
coastal infrastructure is greater. Coast erosion de-
pends on the mechanical performance of the coast
rock and the freeze-thaw process. Mountain slopes
may perform a protection function (the wind shad-
ow effect) or enhance wind speed increase (wind-
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channel effect in valleys, the Novaya Zemlya and
Novorossiysk bora, foehn wind).

Climate change vulnerability assessment

case study for a Protected Area

The WWF has accomplished Russia’s first
comprehensive detailed research about the climate
change impact on a Protected Area — Vaigach Is-
land (Aleynikov et al., 2014).

The first stage of the Vaigach Island research
included the development of a detailed climate in-
ventory and an assessment of climate change trends
over the recent decades. This was followed by a
CMIP5-modelling of climate change for the next 30
years using a recognised international methodology.

CMIP5 (Coupled Model Intercomparison Proj-
ect Phase 5) is a set of co-ordinated experimental cli-
mate models of the fifth generation under the World
Climate Research Program. The CMIPS5 project is
using a standard set of model experiments aiming
to: 1) assess the models’ practicability for model-
ling the recent past, 2) present climate change pro-
jections on two time horizons: short-term (approxi-
mately to 2035) and long-term (2100 and beyond),
and identify factors that determine projection error,
including related to the cloudiness and the carbon
cycle (Taylor et al., 2012; CMIP5, 2017).

This timescale was selected, on the one hand,
to correlate with the long-term strategic planning
period, and on the other, to avoid the ambiguity
of various climate scenarios. Data were verified
through a re-analysis, i.e. a test of how well the
model correlates with observations after 1960.
The re-analysis was accomplished in the Climate
change laboratory of the Institute of Global Cli-
mate and Ecology of Roshydromet and the Russian
Academy of Science.

CMIP5-modelling is normally practiced for
large regions. A forecasting climate change for a
territory of around 3400 km? is a difficult chal-
lenge and was performed for the first time ever.
The results are inspiring. Although forecasting for
a mountainous area will be more difficult, MGO
is currently developing a 25 km resolution climate
projection map for the entire country, which can be
used for reference.

While the difference between detailed meteo-
rological statistics and low-resolution projections
may be discouraging, it is understandable and cor-
responds to the current level of scientific infor-
mation. It is important to compare current trends
against projections, so as to understand the pro-
cesses which can help estimate potential impacts of
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climate change on PAs (Heller & Zavaleta, 2009).
In reality, it is only possible to forecast an average
annual and average seasonal temperature change,
as well as changes in the minimum and maximum
temperature, with a confidence interval. It is also
possible to identify precipitation trends (average),
mean and maximum potential wind speed. It seems
like it is not too much. However, projections of any
other parameters would not be reliable.

Because climate data have low spatial resolu-
tion, the project’s goal was to collect as detailed
ecosystem-related information as possible. This al-
lowed it to develop a set of 1:50,000 maps, includ-
ing a geomorphological map, a map of freeze-thaw
process, a hydrological map, a vegetation map, and
a landscape map (Fig. 2). In addition, the follow-
ing 1:250,000 maps were developed: geological,
soil, territory use by local people, and anthropo-
genic disturbance. Thematic interpretation of high
resolution color photos and field studies were used
for developing the maps, and so very detailed in-
formation on the current shape of basic ecosystem
elements was obtained.

«A map of the territory use by various envi-
ronmental groups of birds and mammals» was
developed using thematic maps, field studies, and
relevant literature (Fig. 3). In fact, the most charac-
teristic animal species were identified for each unit
of the vegetation map (with an account of the other
thematic maps), as well as their preferred uses of
the territory (summer/winter pasture, nesting/feed-
ing/rookery place, etc.).

Then each of the experts compared the ob-
tained data against climate change projections
and came up with conclusions regarding a poten-
tial change for his object. Analysis of landscape
evolution and ecosystem suitability for various
animal groups integrated the results obtained by
other experts as well.

Climate projection overlapping data on land-
scapes and their potential dynamics allowed for the
development of a 1:2,000,000 map of impacts of
climate change-induced events on ecosystems (Fig.
4). This map clearly displays, which parts of the ter-
ritory are particularly vulnerable to specific climate
factors. Of note, it turned out that the major adverse
effects include hurricanes, storm-induced coast ero-
sion, and formation of a hard ice crust, rather than
permafrost thawing in response to the increasing
average annual air temperature, albeit to a certain
degree the freeze-thaw process manifests across the
whole island, inter alia, through expected change in
hydrological facilities (Aleynikov et al., 2014).
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c)

Fig. 2. Examples of thematic maps to assess a territory’s vulnerability to a climate change: a) landscape, b) geomorphological,
¢) cryogenic processes, d) vegetation (Aleynikov et al., 2014).

The research was accomplished with the in- The use of nature records
volvement of more than 30 experts from Moscow Nature reserves and national parks have accu-
State University and institutes of the Russian Acad-  mulated data series from nature records. Where these
emy of Science and required complicated climate  records have been kept for more than 30 years and ac-
modelling, two years of work and field studies. cumulated sufficient information regarding weather,
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vegetation change, new animal species, seasonality,
migration, and weather calendars, a primary assess-
ment of climate change manifestation and trends for
the PA can be made. Nature records management
methodology suggested by Filonov & Nukhimovska-
ya (1990) includes nearly all observation parameters.
Typically, resource restrictions make it difficult for a

relatively small team of a scientific division to follow
all of the recommendations. Meteorological informa-
tion is not always available in its entirety either. For
example, in a perfect world, meteorological observa-
tions would be made in each altitudinal vegetation
belt (Filonov & Nukhimovskaya, 1990). Very good
idea, hardly feasible in reality though.
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Fig. 3. Map of territory use by various environmental groups of birds and mammals (Aleynikov et al., 2014).
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Fig. 4. Impacts of climate change-induced events on ecosystems (Aleynikov et al., 2014).

Nevertheless, analysis and assessment of
decades-long data on weather change, extreme
weather events and related change in ecosystems
and species distribution is an important challenge
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for conservation science. By comparing data col-
lected in PAs against climate research findings
and projections, one can identify trends for the
next two or three decades. It would be practical



Nature Conservation Research. 3anoeeonas nayka 2017. 2(3): 68-79

DOI: 10.24189/ncr.2017.036

to map current climate vulnerabilities of PAs with
zones determined by the scale of effects produced
by adverse factors. Such maps could help devel-
op comprehensive action plans including, inter
alia, advanced fire protection system, guaranteed
safety of personnel and tourists in zones with ex-
treme flood/mudflow/avalanche hazards, artificial
watering places and/or supplementary feeding for
ungulates in winter, etc.

However, in most PAs, two or more factors have
already manifested urging immediate action, even
before the comprehensive climate assessment of
the territory is accomplished. Where this is the case,
climate information can help appropriately substan-
tiate investment demand and develop future scenar-
i0s. Statistically, an investment demand for climate
change adaptation is 20—30 or more times lower, than
climate change damage estimate where no adaptation
measures are taken (Semenov et al., 2012).

Conclusions

At the current climate science development
stage, information on actual and projected climate
change is sufficient to allow for the development
of adaptation plans for PAs.

Case studies, data sources, methodological ap-
proaches are developed and can be used to assess
climate change vulnerability of PAs. They have
proved effective on the regional level, yet appli-
cation on the local level is a much more difficult
challenge that requires detailed information about
the territory, particularly in the mountains.

Nature records are an important source of in-
formation. Today, conservation science’s main
goal is to assess them in connection with climate
change, supplement with the necessary climate
data, and develop required adaptation measures.
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METOANMYECKHE IOAXOAbI U151 OUEHKHA YA3BUMOCTH OCOBO
OXPAHAEMBIX ITPUPOJHBIX TEPPUTOPUU K USMEHEHUAM KIINMATA

O. H. JIunka

Bceemupnwiii gpono ouxoti npupoowvt (WWF Poccuu), Poccus
e-mail: olipka@wwf.ru

B cBs13u ¢ M3MeHeHnIMHI KMMara Ha Teppuropun Poccun 3a/1a4a coxpaHeHns! BUJOB M 9KOCHCTEM Ha 0C000 OX-
paHAEMBIX MPUPOJHBIX TEPPUTOPHSIX CTAHOBUTCS Ooiyiee CIOKHOH. Bo3HMKIA HEOOXOAMMOCTH B MPUHATHH J0-
TIOJIHUTCIIBHBIX aJallTallMOHHBIX MEP. IIJ'IH ux pa3pa60T1<M HeO6XO[lI/IMO, MpEexKIAC BCCTO, OUCHUTL CTCICHb YA3-
BUMOCTH TEPPUTOPHU: YTO U B KAKOH CTEHEHH ITOABEP)KEHO HEOIAronpHsATHbIM KIMMAaTHUYECKUM BO3IEHCTBUSM?
[TpoBeneHHBIM aHaIN3 MO3BOJIUT pa3padOTaTh MOPSIOK JCHCTBHI, COOTBETCTBYIOMINX COBPEMEHHON CHTYaIlHH
HecTaOMIIBHOTO KCTPEMAJIBHOTO KJIMMara W MPOTHO3aM BEIyIINX HAyYHBIX MHCTHTYTOB Pocrmmpomera n Poc-
cuiickoit Akamemuu Hayk. B HacTosmuii MOMEHT y)ke pa3paOOTaHbI M YCIICITHO alpOOHPOBAHEI TSI HEKOTOPBIX
TPUPOAHBIX 30H METOAUKU. Hepen 3an03e11H0171 HayKOﬁ BCTACT HOBAA 3aJa4ya. COCAUHUTH HAKOIIJICHHBIC JJAHHBIC
C KJIMMaTU4EeCKUMHU IIPOTHO3aMHU U OIPEAEIUTh NEPCIEKTUBBI PA3BUTHSI CUTYALUI 111 KOHKPETHBIX TEPPUTOPHIA.

KiroueBrble ciioBa: u3MeHEHHUE KiIumara, 0c000 OXpaHACMbIC IIPUPOAHBIC TCPPUTOPHH, YAZBUMOCTb K U3MCHC-

HUAM KlIMMarta
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