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Abstract. This article presents an analysis of climate risks’ structure and effects on
the Russian Federation's economic development. Despite the existed theoretical background,
it is not clear about the leading risk factor, human adaptation to it, and the subsequent effect
on the economy. This happens since some climate risks can be controlled; therefore, their im-
pact on the regional economy is minimal. Thus, we are interested in the scope of certain cli-
mate risks affecting the Russian Federation’s economic situation. We have selected the North
Caucasian Federal District because it is strongly susceptible to the most severe climate risks
as droughts and floods. Considering the complexity of the climate risk formation process,
we use mixed-methods. It allows identifying the quantitative component and analyzing
the object in the framework of the existing theoretical background. During our research,
we determined the cause of climate risk formation in the Russian Federation. With the col-
lected empirical data for 2010-2013 regarding the level of drought, precipitation, and crop
productivity, we have compared the region's economic situation with climate risks. It was
determined that despite the clear manifestation of climate risks in the North Caucasian Federal
District, the economic damage to the region is minimal due to the high level of the region's
resistance to the existing threats and their localization. Nevertheless, guided by the theoretical
and methodological basis of the topic under study and revised data on the migration loss
of the region, we can assume that the North Caucasian FD’s climate risks are expressed in
the concept of climate migration, and this process has an increasing dynamic.
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BnnsHue KnMnmMmaTu4eCcKnx puckoB
Ha 3KOHOMU4Yeckoe passutue Poccum:
npumep CeBepo-Kaskaszckoro ¢penepanbHOro okpyra

A.C. JIykpsinen ©8, A 1. Bparun

Hncmumym oemoepaguuecxux uccredosanuti ®HUCIL] PAH,
Poccuiickas @edepayus, 119333, Mocksa, yn. @omuesoi, 0. 6, xopn. [

B artem_ispr@mail.ru

AnHoTanms. IIpencrasieH aHaM3 CTPyKTYpsbl U IOCIEACTBUIN KIMMATUYECKUX PUCKOB B KOH-
TeKCTe AKOHOMIYecKoro pazsutus Poccuiickoit deneparpm. HecMoTpst Ha cyIiecTBOBaBIIyIO TEOpe-
THYECKYIO 0a3y, OCTAIOTCSI HE BBIABICHBI OCHOBHBIE (DAKTOPBI PHCKA, afanTalysl K HUM 4YeJIoBeKa U
HOCTEAYIONH 3PHEKT 111 SKOHOMUKH. TO POUCXOIUT U3-3a TOTO, YTO HEKOTOPBIC KIIMMAaTHICCKHE
PHMCKHU MOKHO KOHTPOJIMPOBATh, [I03TOMY UX BIIMSHUE HA PETMOHATBHYIO SKOHOMUKY MUHUMAJIBHO.
Lens uccienoBaHst — ONPENEIITh, B KAKOM 00BEME TE FITH MHBIC KIIMMATIHIECKHIE PUCKA BIMSIOT HA
SKOHOMIYecKoe passutHe B Poccuiickoit Denepamym. [l n3ydennst BeiOpan Cesepo-KaBkasckwit
(enepanbHbI OKPYT, TIOTOMY 9TO, COTIACHO MHOTOYFICIICHHBIM oTdeTaM Pocrumpomera, 3ToT perroH
CWJIBHO TIOJIBEPKEH CaMbIM CEPhE3HBIM KIMMAaTU4YECKUM PUCKaM, BBIPHKEHHBIM B BUJE 3aCyX U
HABOJHECHMIL. YUUThIBas CIOXKHOCTB IIporiecca (POPMHUPOBAHUS KIMMATUUECKUX PUCKOB, HCIIONB30-
BaJICS CMEILIAHHBIN MCTOA HUCCIICIOBaHUA, HOSBOJ'DII-OH.[I/IIZ HE TOJIbKO BBIABHUTH KOJIMYCCTBEHHYIO CO-
CTaBIBIOIIYIO, HO U MPOaHAIN3UPOBATh OOBEKT B paMKax CYIICCTBYIOMIEH TEOPETHICCKOH Oa3bl.
B xoze uccnenoBaHust onpeseneHa npuirHa (JOpMUPOBAHKS KIMMAaTHUECKUX PHCKOB B Poccuiickoil
Oeneparmu. Ha ocHoBe coOpaHHBIX sMIpudeckuX JaHHBIX 3a 2010-2013 rompl OTHOCHTENBEHO
YPOBHsI 3aCyXH, OCA/IKOB U YPOXKaHHOCTH CEIIbCKOXO34ICTBEHHBIX KyJIbTYpP CpaBHHUBANIACh SKOHOMU-
YecKasi CUTYalUs B PerHOHE C BO3ACHCTBUEM KIIMMATHYECKHUX PUCKOB. Y CTaHOBJIEHO, YTO, HECMOTPSI
Ha SIBHOE TPOSIBIICHUE KIIMMATHUYECKHX PHUCKOB B CeBepo-KaBkasckoM (hemeparsHOM OKpyTe, 3KOHO-
MHYECKHH ymiepd pernoHa MUHHMANEH, BBUAY BBICOKOTO YPOBHSI YCTOMYMBOCTH pETHMOHA K
CYLIECTBYIOIIMM PHUCKaM M MX JIOKaIM3alMd. TeM He MeHee, PYKOBOICTBYSCH TEOPETHKO-
METOONOTHYECKOM 0a30H HCCIexyeMoi TEMBI M MOTyYEHHBIME JTAHHBIME O MUTPAIMOHHON yOBUIH
perroHa, MOYKHO TIPE/ITOINIOKHUTE, 4To KirMarudeckre piucku CeBepo-Kaskaszckoro @O BreipakaroTcst
B KOHIIEMIUH KITMMATUYECKOM MUTPALIMH U 3TOT IPOLIECC UMEET YBEINUMBAIOILYIOCS JUHAMUKY.

KiroueBble ciaoBa: CCBCpHLIﬁ KaBKa3, HU3MCHCHHUE KIMMaTa, SKOHOMHUYCCKOE pa3BH-
THUEC, KIMMAaTUYCCKUC PUCKH, KIIMMATHICCKasd MUT'paAIUs
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Introduction

Today a lot of attention is paid to human interaction with the environment.
This happens because the main threat to humanity became the direct result of hu-
man activity at the turn of the 2021 century. The unsustainable use of natural re-
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sources and environmental pollution from cars, factories, and mining enterprises
have significantly affected climate change across the planet. Today, the average
global temperature is about 1 °C higher than the pre-industrial level, and accor-
ding to scientists, this indicator can increase to a catastrophic 2—3 °C (Harmeling
et al.,, 2015). Thus, the losses and damage caused by climate change are now
a part of reality, and we should cope with it.

In this context, the study of climate change's effects is an extremely relevant
issue to minimize its negative consequences. One of the derivatives of climate
change is climate risks that affect people's everyday lives and pose a severe threat
to private property and the economy. The concept of climate risk and trouble in
general implies: a) the presence of an extreme natural phenomenon, both predic-
ted and unexpected; b) human activity subjected to damage due to the specified
event (Hewitt, 1997). Therefore, climate risks have a reasonably broad basis for
occurrence.

Speaking about climate risks in the Russian Federation, it should be noted
that according to one of the most well-known international organizations investi-
gating climate change effects - GERMAN WATCH, Russia pays little attention to
environmental management and pollution, taking 52 places out of 61 in the 2020
rating.! Moreover, according to the IDMC (Internal displacement monitoring cen-
ter), the rate of climate migration in Russia is significantly increasing as the num-
ber of people who were forced to change their place of residence due to natural
disasters reached a peak in 2019 over the past five years with an amount of 12,000
people.” These factors indicate that Russia is inclined to face climate risks caused
by human activity (environmental impact) and the natural component (climatic
phenomena caused by nature).

In a detailed study of Russia's regions regarding climate risks form and
structure, North Caucasian Federal District stands out. According to the report of
Roshydromet (The Federal Service for Hydrometeorology and Environmental
Monitoring), in the North Caucasus exist frequent cases of rain floods and
droughts (Report on climate risks.., 2017). This situation is unique for one region,
not only because of the opposite of these phenomena but also because floods and
droughts, and tropical cyclones are the most destructive climate risks in the world
(Rusin, 2003). In other words, North Caucasus is under the influence of two seri-
ous climate risks at once. In this regard, we are interested in how these climate
risks affect the North Caucasian Federal District's socio-economic situation.

It should be noted that despite the appearance of visible effects, the scien-
tific community has not yet entirely determined whether climate risks have a di-
rect impact on the economic situation of a particular region.’ In this regard,
our study should reveal a relationship between climate risks and the region's
economy on the example of the North Caucasian Federal District. It is evident that

! Climate change performance index. Russian Federation, 2020. Retrieved November 21,
2020, from https://www.climate-change-performance-index.org/country/russian-federation

2 Internal displacement monitoring center. Russia, 2020. Retrieved November 18, 2020,
from https://www.internal-displacement.org/countries/Russia

3 IPCC. (2007). Climate change 2007. The physical science basis. Working group I report.
United Nations Environment Programme, 2007. Retrieved December 20, 2020, from http://www.ipcc.ch/
ipccreports/assessments-reports.htm
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with further climate change, climate risks will appear with greater regularity and
intensity. Therefore, the study of their effects in the North Caucasus will help de-
velop a detailed plan to minimize future risks.

Structure of climate risks

Climate risks carry severe socio-economic losses. With the destruction of
property and the emergence of unforeseen costs to eliminate their consequences,
climate risk is a threat to citizens' lives. Climate risks enchant a danger for
the functioning of any society. Still, it is impossible to say unequivocally that ex-
treme atmospheric events are a direct consequence of global warming and that they
always cause damage to the economy. Moreover, according to R. McLeman (2013),
a new term has recently occurred — climate migration, which is a consequence of
climate risks. Its structure and damage to the economy can become more danger-
ous than any natural disaster.

Over the past few decades, the world has experienced extreme socio-
economic changes for which society was not ready. Climate change is already
an aspect of uncertainty in the nearest term. Thus, changes in regional climatic
features may lead to an increase in extreme atmospheric events. Consequently,
the level of uncertainty will increase, which will require a rapid response.

To understand the structure of climate risks, we need to visualize the causal
relationship between climate change and possible risks. This process is shown in
Figure 1.

Particular territory
(environment + society)

Climate
change

S

Climate risks

Figure 1. The process of climate risks occurrence

Source: Pelling, 2011.

As we can see, there are no natural risks directly related to human activities,
i.e., climate change, but there is a poor adaptation of humans to nature. Climate
risks are factors, both dependent variables (human activity) and independent (natu-
ral phenomena). Thus, climate risks do not always occur as a response to human
activity, and therefore, they are tough to predict and control. This feature makes
climate risks dangerous for modern society, which contains all processes and is un-
prepared for uncertainty. Negative consequences for the cash turnover of companies
can occur even when the weather conditions were not extreme. Sometimes unusual,
unseasonal, or merely unexpected weather events are enough to reduce income.
The sectors most exposed to these risks are agro-food, construction, trade, energy,
tourism, and transport (Report on climate risks.., 2017). Consequently, almost all
critical sectors of the economy are at risk, and even minor natural phenomena can
cause severe losses, which in turn can cause internal migration. As noted above,
this type of migration is called “climate migration,” i.e., climatic conditions with
their subsequent impact on the economy are the reason for people's relocation.
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However, according to K. Hewitt (1997), the structure of climate risks im-
plies adaptation to new realities. It is already possible to cope with some climate
risks of a local seasonal nature (dams, etc.).

Climate risks of North Caucasus

The North Caucasus’s climate risks are the most common in Russia,
so the country’s average situation perfectly characterizes the region's case. Ac-
cording to the report of Roshydromet, Russia is exposed to numerous climate
risks, and the most serious is climate change. According to scientific estimation
on Russian territory, climate warming is observed about 2.5 times stronger than
the average in the world: for 1976-2016, the dynamics were 0.45 ° C for ten years
(Report on climate risks.., 2017). In the context of the North Caucasian Federal
District, an increase in the average annual temperature leads to a rise in climate
risks such as droughts and an increase in precipitation. Despite the opposition of
these phenomena, they may occur in the same region due to the seasonality and
localization of manifestations. As a rule, one natural phenomenon will be replaced
by another, increasing the load on the ecosystem and social infrastructure.

Changes related to the share of humidity in the Russian Federation's territo-
ry affect the annual total surface runoff's difference, especially in the North Cau-
casus. This process aggravates the average annual indicators associated with soils'
aridity, so local droughts are formed. For example, in 2010, a large-scale lack oc-
curred in the North Caucasian Federal District and the Southern Federal District,
which caused a severe crop failure A.I. Strashnaya et al. (2011).

The second most crucial climate risk in the country and the North Caucasus
is increased precipitation, which is a resultant factor for floods and landslides.
Guided by I. Shkolnik et al. (2017), in Russia for 1976-2016, annual rainfall in-
creased in dynamics — 2.1% for every ten years. In recent years, the North Cauca-
sus rivers have experienced severe floods caused by abnormal precipitation, du-
ring which the indicators were several times higher than previous observations.
According to experts, the frequency of rainfall in the summer season in the North
Caucasus may increase by the middle of the 21st century, which will affect
the increase in the frequency and intensity of rain floods.

Thus, the North Caucasian Federal District is most exposed to two climate
risks in the form of droughts and floods. We have determined that the reason for
these climate risks was the change in the average annual temperature. However,
it remains unclear how these risks affect the socio-economic situation in the region.

Impact of risks on the economy

As we noted, droughts and floods are among the most severe climate risks
(Rusin, 2003). However, although these risks are not the most dangerous for hu-
man life, they can cause severe economic damage. Climate models as a compre-
hensive methodology for atmospheric modeling provide perspectives for studying
the causes of drought and their application to forecasting. However, these models
have severe drawbacks in modeling the regional climate. The intensity of the
drought period can be quantified as the cumulative deviation of monthly precipita-
tion from average and data on yields in the region (Balzter et al., 2007). The last
method is not always suitable since some areas prone to drought are not initially
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eligible for agriculture (deserts, steppes). Therefore, the lack of data does not al-
low us to determine its level.

Agriculture is a sector of the economy that is highly dependent on climate
change and thus is an excellent indicator to study the economic effects of climate
risks. Among the most dangerous climate risks for agriculture are droughts, frosts,
and excessive humidity. These climate risks directly affect crops' viability, signi-
ficantly reducing their productivity and making it challenging to conduct field-
work. All these factors cause low yields (Pavlova, Varcheva, 2016).

Another critical climate risk of the North Caucasian Federal District is heavy
rains, which significantly impact the environment and human activity. Such heavy
rainfall usually occurs in the fall, although it can occur at any time of the year, es-
pecially in winter (Report on climate risks.., 2017). Speaking about the consequenc-
es of heavy rains for the region's economy, it should be noted that unlike droughts,
their effect is much more severe, since as a result of floods, a large part of the socio-
economic sphere is in danger. For example, heavy rainfall can affect yields, severe-
ly erode crops, and increase the water level in rivers, causing flooding and, thus,
destroying social infrastructure. Also, floods in heavy rainfall cause the local popu-
lation's temporary migration due to flooding of residential infrastructure.

Speaking about the impact of climate risks on regions’ socio-economic situa-
tion, we should highlight climate migration. Climate migration is the movement of
a person or groups of people, mainly due to sudden or gradual changes in the envi-
ronment. In other words, climate migration is a phenomenon of climate change,
as a result of which people are forced to leave their place of residence. This process
can be temporary or permanent, as well as differentiated within one or more states.
Many factors cause climate migration, but the main problem is that they cannot al-
ways be separated from political, social, and economic aspects (McLeman, 2013).
Thus, it can be quite tricky to significantly determine the level of climate migration
if the region's economic decline is not associated with climate risks.

Based on the theoretical and methodological basis, we have identified the most
vulnerable sectors of the region's economy from droughts and floods. Further,
it is necessary to analyze the existing empirical data on these sectors' functioning
and the level of impact of climate risks. It is required to determine whether there
is a relationship between them and, therefore, a correlation. Otherwise, we can
argue that the North Caucasian Federal District has a sufficient level of vulnera-
bility to the identified climate risks.

The effect of drought

When it comes to the analysis of the drought effects, it has a dual purpose:
on the one hand, to determine its intensity and duration, and on the other, to delin-
eate the extent of the affected area in the context of economic indicators. Statisti-
cal studies allow finding the probability of various degrees of drought in the pres-
ence of sufficiently long computational series and, thereby, minimize its conse-
quences. However, the main problem of statistical methods is that they do not take
into account significant climate change due to an increase in the average annual
temperature, which in our case is a crucial risk factor (Mishra, Singh, 2010).

To determine the effects of drought in the North Caucasian Federal District,
we take the yield indicator as a dependent variable since this region is actively used
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in agriculture. For example, in 2015, the area with the poor condition of winter grain
crops at the time of termination of vegetation in the North Caucasian Federal District
was 1% even though the autumn of 2015 was dry (Bereza et al., 2015). Therefore, data
on crop yields are of decisive importance in forming economic indicators of the region
because even in dry years, agriculture has a crucial role. As an independent variable,
we take the fact of drought, because according to A.l. Strashnaya and T.A. Maksi-
menkova (2011), the observation for the period from 1891 to 2015 the number of ex-
tensive droughts lasting more than two months was 24 cases with a recurrence rate of
19% (on average, one severe drought for every five years). These indicators show that
the North Caucasian Federal District is a permanently arid region. In this regard,
we form our hypothesis 1: The level of drought affects the yield in the NCFD.

Since the Russian Federation lacks a sufficient database of statistical data on
the dynamics of the level of drought in all regions, for further empirical research,
we need to visualize the drought variable as one of the indicators that most cha-
racterize this phenomenon. Most often, droughts occur in the summer and are con-
sidered the value of temperature deviations from the norm for a particular month
(Menzie, 2007). Below is Table 1, where we compared the deals for the yield of
grain and leguminous crops in the North Caucasian Federal District with the se-
lected drought indicator, i.e., the temperature deviation in °C from the norm July.

Table 1
The temperature deviations and the yield of grain and leguminous crops
in the North Caucasus Federal District and its regions for 2010-2013
2010 2011 2012 2013
Productivi- Productivi- Productivi- Productivi-
Tempera- Tempera- Tempera- Tempera-
t‘éﬁi’::::se ture devia- t‘é:fg:t‘:i ture devia- t‘éﬁi’;‘:ﬁ ture devia- ti:?\i'::tt::se ture devia-
p tion value P! tionvalue P tion value P! tion value
of aharves- (°C for July) of aharves- (°C for July) of aharves- (°Cfor July) of aharves- (°C for July)
ted area) ted area) ted area) ted area)
North
Caucasian
Federal 32,2 2,5 37,0 2,6 25,8 0,0 32,7 0,1
District
Republic of
Dagestan 224 2,3 22,5 3,0 20,9 0,6 23,8 0,2
Repubilic of
Ingushetia 16,9 0,8 21,7 0,8 21,8 -2,0 24,4 -1,0
Kabardino-
Balkar 37,4 3,1 40,6 3,0 425 0,5 52,0 0,5
Republic
Karachay-
Cherkess 27,5 3,0 30,1 2,6 30,7 0,9 43,9 0,4
Republic
Republic of
North Osse- 40,1 3,0 41,9 3,1 441 0,3 51,1 0,4
tia — Alania
Chechen ¢ 3,0 205 27 16,0 05 17,7 00
Republic
Stavropol
region 32,6 3,0 38,3 3,1 23,5 1,0 30,8 0,4

Source: Federal State Statistics Service. (2018). Regions of Russia. Socio-economic indicators — 2010-2013.
(In Russ.) Retrieved December 5, 2020, from https://rosstat.gov.ru/free_doc/doc_2018/region/reg-pok18.pdf

As we can see from the table above, from 2010 to 2013, the North Cauca-
sian Federal District's yield level was unstable with similar results of 32.2 in 2010
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and 32.7 in 2013. However, in 2011, the indicator had a maximum value of 37.0,
but the next year it became minimal, amounting to 25.8. Among the regions,
we can highlight the Republic of Ingushetia, Kabardino-Balkar Republic, Kara-
chay-Cherkess Republic, and the Republic of North Ossetia — Alania annual stable
growth of indicators.

Speaking about the North Caucasian Federal District's temperature devia-
tions, this indicator had maximum values in 2010 and 2011 — 2.5 and 2.6, respec-
tively. However, in subsequent years the data was close to zero amounting to 0.0
in 2012 and 0.1 in 2013. In general, the region's situation reflects the entire dis-
trict's data — the maximum values in 2010-2011 and the minimum in 2012-2013.
Only the Republic of Ingushetia had a minimum indicator against other regions’
background for the first two years of observation 0.8 and in subsequent years,
a significant negative indicator —2.0 in 2012 and —1.0 in 2013.

Comparing both indicators, it becomes clear that temperature deviations do
not affect the yield level in our case. However, based on the theoretical back-
ground, there is a link between drought and yield. To substantiate obtained data,
we note that, according to K. Menzie (2007), sometimes drought does not directly
affect output level. If the drought has a local occurrence, then the story of its im-
pact on the region's yield may be insignificant. Moreover, even during intense
droughts, there is an intermediate link between drought and yield levels in the
form of region vulnerability (see Figure 2). This link is characterized by the re-
sistance of a particular region to the consequences of drought and is a conse-
quence of the human activity. Thus, climate risk in the form of drought is partially
controlled by humans. The level of resistance can be expressed in the develop-
ment of the quality of agriculture (innovative approaches and risk planning) and
the use of modern types of grain crops that are least susceptible to droughts
(Strashnaya, Maksimenkova, 2011).

Drought Crop yields

Region's
vulnerability

Figure 2. Impact of drought on crop yields

Source: Roberts et al., 2014.

According to data on the level of drought and yield in the North Caucasian
Federal District, which on the one hand, indicates a problematic situation with
droughts, and on the other hand, the result remains at a reasonably high level;
we can conclude that the vulnerability of the region is minimal. In this regard,
the climate risk in the form of drought does not pose a severe economic threat to
the North Caucasian Federal District. Therefore, hypothesis 1 is not confirmed.

Precipitation and climate migration

As a rule, heavy precipitation occurs when the mass of air is saturated (i. e.,
forms clouds) and then rises due to low pressure or mountainous terrain. Accord-
ing to D. Wilks (2011), this process is a cause of a large mesoscale convective
cyclone with a minimum diameter of 200 km.
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In general, in Russian Federation, 1976-2016 annual precipitation increased
by 2.1% every ten years (Report on climate risks.., 2017). Speaking about the na-
ture of abnormal precipitation in the North Caucasian Federal District, they are
more common in winter. The level of rainfall in the region has an always high
level and will only increase.

We have determined that heavy rainfall has an overall destructive effect on any
region. Given that it affects many socio-economic infrastructure sectors, the defini-
tion of its impact on the economy should form a comprehensive approach. In this
context, we believe that heavy precipitation has a devastating effect on the economy
and can affect the level of migration by starting climate migration. In this regard,
we put hypothesis 2: An increase in precipitation affects the migration decline.

To investigate data on the impact of heavy precipitation on climate migra-
tion in the North Caucasian Federal District, it is necessary to mark empirical in-
dicators. As an indicator of heavy rainfall, we select the value of precipitation de-
viations (% to the norm for January). Furthermore, we distinguish the concept of
climate migration in the form of interregional migration. Therefore, the lower
the indicator, the higher the migration outflow. Below is Table 2, where we compared
the value of precipitation deviations and the interregional migration coefficient.

Table 2
The level of precipitation deviations and interregional migration
in the North Caucasus Federal District and its regions for 2010-2013

2010 2011 2012 2013

Inter-regio- Value of Inter-regio- Valueof Inter-regio- Valueof Inter-regio- Value of
nalmigra- precipita- nalmigra- precipita- nalmigra- precipita- nalmigra- precipita-
tionrate tiondevia- tionrate tiondevia- tionrate tiondevia- tionrate tiondevia-
(people tions(%to (people tions(%to (people tions(%to (people tions (% to
per 10,000 thenorm per 10,000 thenorm per 10,000 thenorm per 10,000 thenorm
population) for January) population) for January) population) for January) population) for January)

North
Caucasian
Federal
District
Republic

of Da- -35 216 -75 91 -83 109 -74 75
gestan
Republic
of Ingu- 41 200 143 124 88 7 62 96
shetia
Kabar-
dino-
Balkar
Republic
Karachay-
Cherkess -53 153 -96 100 -103 200 -93 53
Republic
Republic
of North
Ossetia—
Alania
Chechen
Republic
Stavropol
region

=21 205 -43 106 -51 96 -49 60

-41 223 =71 132 -79 82 -81 32

-59 230 -105 118 -109 122 -95 46

-6 206 27 107 =37 82 -38 60

0 153 -11 90 -13 115 =17 53

Source: Federal State Statistics Service. (2018). Regions of Russia. Socio-economic indicators — 2010-2013.
(In Russ.) Retrieved December 5, 2020, from https://rosstat.gov.ru/free_doc/doc_2018/region/reg-pok18.pdf
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This data shows that the value of precipitation deviations to the norm for
January remained relatively high in all regions. Moreover, a positive indicator
means the presence of heavy precipitation. The maximum rate of 230% is recor-
ded in the Republic of North Ossetia — Alania in 2010. The minimum is 32% in
2013 in the Kabardino-Balkar Republic. In general, the dynamics of reducing de-
viations from 205% in 2010 to 60% in 2013 is well observed in the North Cauca-
sian Federal District. However, the figure of 60% still indicates a high level of
precipitation.

Speaking about the interregional migration coefficient, it has a negative
value for 2010-2013 both in the North Caucasian Federal District (-21 in 2010;
—43 in 2011; =51 in 2012; —49 in 2013), and separately for all regions except for
the Republic of Ingushetia, where the indicators are positive and even have
growth dynamics from 41 in 2010 to 62 in 2013. Among all areas, the maximum
decline is recorded in the Republic of North Ossetia — Alania with an indicator of
—109 for 2012.

Comparing both indicators in dynamics, it is clear that there is no clear cor-
relation between them. For example, from 2010 to 2013, the interregional migra-
tion coefficient decreased, and the value of precipitation deviations in the North
Caucasian Federal District. Nevertheless, based on the theoretical and methodo-
logical background, we can assume that despite the lack of a direct correlation
in dynamics, heavy precipitation in the North Caucasian Federal District can still
be a reason for climate migration. This is possible because migration in the exa-
mined period had strong negative indicators with a minimum of —21 in 2010.
The amount of precipitation was consistently high, with a minimum excess of
60% in 2013. Thus, we can consider that due to the consistently high level of rain-
fall, the level of migration growth remains consistently low. Therefore, hypothesis
2 is partially confirmed.

Conclusion

Problems associated with climate change are going to increase each year.
The reason for this is the ongoing changes in the global socio-economic system
(Lukyanets et al., 2020). The next two decades will become crucial for testing ex-
isting climate models and theories. Due to the current rate of increase in average
global temperatures, new research and working hypotheses are designed to mini-
mize future risks.

Today we live on a warmer planet than we did three decades ago. It should
be noted that the increase in heat leads to a change in the planetary energy balance
and creates the need for more accelerated and deep processes of energy restructu-
ring — through atmospheric circulation and the movement of air masses. These
processes cause concern and force us to prepare for the occurrence of more fre-
quent extreme atmospheric events. We must be aware that climate risks will play
an essential role in the foreseeable future.

In this paper, we have determined that Russian Federation is exposed to
many climate risks. Moreover, it remains unclear to what extent do these risks in-
fluence the socio-economic position of the regions. On the North Caucasian Fe-
deral District example, we have determined that some climate risks may have
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a permanent manifestation. However, their effect is not always dangerous for
the economy. This is possible due to the adaptation of those sectors of the econo-
my that are at risk. In our case, despite the severe level of drought, the yield of
grain and leguminous crops in the North Caucasian Federal District and its sub-
jects remained at a high level. Thus, it can be concluded that the agricultural sec-
tor of the North Caucasian Federal District is well prepared for droughts and can
minimize their effects.

However, adaptation to a particular climate risk does not mean that the re-
gion can fully minimalize future economic losses. With a slight decrease in
the number of unintended dangerous hydrometeorological phenomena, including
hydrological and agrometeorological, which caused significant damage to the eco-
nomy's sectors and the life of the population, their total annual number in the last
decade remains consistently high (Report on climate risks.., 2017). In other words,
climate risks are a complex structure with an increasing impact factor. A compara-
tive analysis of precipitation and migration levels in the North Caucasian Federal
District shows a slight change in climate migration. We assume that it will become
more significant over time. Thus, one climate risk can cause another, and their
effect will only increase. Some economic sectors can be protected from certain
climate risks, but it is impossible to save them all. We believe that only a compre-
hensive approach designed to reduce industry and people's impact on climate
change will become a solution to the ongoing climate risks.
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