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COBPEMEHHBIE INTOBAJIBHBIE KNIMMATUYECKHUE UBMEHEHUA U UX
MPOSABJEHHUSA B 30HE CYXOH 3EMJIN CEBEPHOM EBPA3UU

Annomayus: 3oua cyxux zemens (3C3) 6 cpeonewupomnom Eepasutickom KoHmuHnenme A675emcs
camotl 6onbUON GHEMPONUYECKOU CYXOU 001acmbvio 68 Mupe, 0MOeNeHHOU HECKONbKUMU A3UAMCKUMU
eopuvimu xpeomamu. Ilosic npocmupaemcs no nyCmvIHHbIM, HOJIYNYCMBIHHLIM MEPPUMOPUAM, CINENSIM,
JIECHBIM CIENsiM, d I0XCHAS YaACTb YMEPEHHOU NecHol 30HbL K cesepy om 37°N ¢ Benepuu na 3anad no
sceii Cpeoneti Asuu 00 Moneonuu u Cegepo-6ocmounozo Kumas na 6ocmoxe. Cywecmeyrom onacenus,
ymo 6 6yoyuem 3C3 cmanem ewe cyuie. [lelicmeumensho, 8 nocieouue decamunemus 3C3 npemepnena
KApOUHAIbHbIE USMEHEHUS 8 CEA3U C YBeTUUeHUEM MEeMN08 KIUMAMUYECKUX UsMeHeHull, Komopbule u3-
MEHUNY 4aCTnOmY U UHMEHCUBHOCTb IKCMPEMATbHBIX S8NEeHUl, 6000CHAOICEHUS, A MAKIHCE COCMOSHUE
PeUOHANBHO20 Kpuocgepwl. Bee amu usmenenus npousowtnu 6 KOHmMeKcme COYUanIbHO-IKOHOMUYECKUX
CO8U208, KOMOPbIE NPUBETU K PE3KUM U MACUMAOHBIM USMEHEHUSM 3eMAenonb306anus. Hawa npesen-
mayus 6yoem cocpedomouera Ha IMRUPUYECKUX OAHHBIX O NOCTEOHUX KIUMAMULECKUX USMEHEHUSIX NO
6cemy 3eMHOMY wapy, u kaxk onu nposgraiomes 6 3C3. Mul noxasvieaem nociedcmsus HenpoOnoOPYUOHAIb-
HO020 nomennenus ApKmuxuy, Komopbsle MeHAI0Mm MepUOUOHATLHYLI 2PAOUEHI NOBEPXHOCHHOU meMne-
pamypusl 6030yxa, U 00CyxHcoaem, Kax Mo UsMeHenue NoGIUsL0 Ha MPAHCHOPMUPOBKY 8005IHO20 Napa
6 espasutickuti Konmunenm. Mot noxaszvigaem, umo ckopocmv nomenienusi @ 3C3 aensiemcsi 0OHUM U3
BbICOKUX 1O BCEMY 3EMHOMY APy, U 06CYdcoaem, Kak 3mo Nomenjienue 6usem Ha cCOCMosHue Kpuocgepbol
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(ce30HnHble CHediCHble NOKPOBLL U OMCMYNAeHUs IeOHUKOB), Ce30HHbI YUK ecemayuul (0cobenHocmu
CeNbCKOXO03UCMBEHHO20 CE30HA), U 3eMHOU 800HbIU bananc. Mol noxazvieaem pacnpeoenenue 0caokos,
KOMopble HAOI0OAIUCH 80 BCEM MUPe U 00CYIHCOAeM KaK MU USMEHEeHUs MO2YH 6b136AMb He2AMUGHbIE
nocieodcmsust s CeNbCKo20 X035UCMBA, 1eC0800CMEd, NPOU3B00CMBEA HCUBOMHOB00UECKOU NPOOYKYUU
u 6000cHaboicenust. 3amoposxu (“2ononed”, 6 Poccuu) s6nsiomes onachvimu s61eHusMU, 6IUiouue Ha
MHO2Ue acneKkmbl uenogeueckou desmenvhocmu. Ilokazano, umo wacmoma 3mux coovimuil 6 meuenue
nocaeonux decamunemuii cokpamunace 8 3C3 emecme ¢ npoOONHCUMENLHOCHIBIO OMORUMENbHO20 Ce30-
Ha. Taxum obpazom, 8 2opHuvlx pecuonax (nanpumep, 8 Kvipeviscmane evtute 2000 m nao yposrem mops)
3aMOPO3KU NPOUCXO0SM 6Ce Hauye.

Knrwouesvie cnosa: usmenenue xaumama, 30na cyxou zemau, Cegepuasn Eepasus, 6o3delicmgue Ha
OKPYHCATOUYIO CPeOy.

Abstract: The Dry Land Belt (DLB) in the mid-latitude Eurasian continent is the world's largest ex-
tratropical dry area mostly separated by several Asian mountain ranges from the moisture influx from the
tropics and the Pacific Ocean. The Belt stretches over deserts, semi-desert areas, steppes, forest-steppes,
and the southern part of temperate forest zone north of 37°N from Hungary on the west throughout the
Central Asia to Mongolia and Northeastern China on the east. There are concerns based on the GCM
projections that in the future the DLB may become even drier. Indeed, in recent decades the DLB has
undergone dramatic changes due to increased rates of climatic changes that altered the frequency and
intensity of extreme events, the water supply, and the state of regional cryosphere. All of these changes
have occurred within a context of socioeconomic shifts that have produced abrupt and large-scale land
use changes. Our presentation will focus on empirical evidence of recent climatic changes over the Globe
and how they manifest themselves in the Dry Land Belt. We show the consequences of the dispropor-
tional Arctic warming that changes the meridional gradient of the surface air temperature and discuss
how this change has impacted the water vapor transport into the interior of the Eurasian Continent. We
show that the rate of the warming in the DLB is among the largest over the Globe and discuss how this
warming affects the state of the cryosphere (seasonal snow cover and glaciers’ retreat), the seasonal
cycle of vegetation (the characteristics of the growing season), and the terrestrial water budget. We
show the observed tendencies of changes in the intra-annual precipitation distribution that have been
observed world-wide, and discuss how these changes can cause negative consequences for agriculture,
sylviculture, livestock production, and water supply. Freezing events (“gololed”, in Russian) are hazard-
ous phenomena affecting many aspects of human activity. We show that the frequency of these events
during the past decades has been decreasing in the lowlands of DLB along with the duration of the cold
season. However, in the mountainous regions (e.g., in Kyrgyzstan above 2000 m ASL) freezing events
have become more frequent.

Keywords: climate change, dry land belt, Northern Eurasia, environmental impacts

1. Introduction

The Dry Land Belt (DLB) in the mid-
latitude Eurasian continent is the world’s largest
extratropical dry area mostly separated by several
Asian mountain ranges from the moisture influx
from the tropics and the Pacific Ocean. The Belt
stretches over deserts, semi-desert areas, steppes,
forest-steppes, and the southern part of temperate
forest zone north of 37°N from Hungary on the
west throughout the Central Asia to Mongolia
and Northeastern China on the east (Figure 1).
Scientific investigations on DLB have been carried
on within the foci of two high priority international
initiatives: Northern Eurasia Earth Science
Partnership Initiative (http://neespi.org/; Groisman

et al. 2009) and Monsoon Asia Integrated

Regional Study (http://www.mairs-essp.
org/) and are now continued under the Future
Earth in Asia initiative (http://www.futureearth.
org/asiacentre/ ).

There are concerns based on the GCM
projections (cf., Manabe et al. 2004) that in the
future the DLB may become even drier. Indeed, in
recent decades the DLB has undergone dramatic
changes due to increased rates of climatic changes
(Figure 2) and disproportional temperature
changes in high latitudes (in the Arctic; Figure 3)
have reduced the meridional temperature gradient
in the Northern Hemisphere (Groisman and Soja
2009). This gradient controls the westerlies
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Figure 1.

that transport heat and water vapor from North
Atlantic Ocean and the Arctic Seas into the
interior of Northern Eurasia during most of the
year. The weaker this gradient is, the stronger the
meandering of the westerlies and more chances for
atmospheric blocking over the continent interiors
have been observed (Schubert et al. 2014).

2. Data and Methods

In our analyses, we used Global mean monthly
surface air temperature archive (Lugina et al.
2006, updated to 2014); routinely updated Global
Historical

Climatology-daily Data Set (GHCN-daily;
Menne et al. 2012); archive of extratropical cyclone
tracks retrieved by Tilinina et al. (2013) from the
latest generation of Atmospheric Reanalyses;
hourly surface synoptic station data from the
Integrated Surface Database (ISD; Smith et al.
2011; supplemented with additional data from the
Russian and Norwegian national archives); and the
runoff data accumulated at the University of New
Hampshire ( http://neespi.sr.unh.edu/maps/).

Our data analyses (e.g., those shown in Figures
2, 3 and 4) are based on area-averaging routines
of long-term time series specially processed to
secure representative mean regional anomalies
of area-averaged variables such as surface air
temperature, duration of the growing season,
precipitation characteristics, etc. (for more about
these methods please see Vinjikov et al. 1990;
Groisman et al. 2013).

Our assessment of the number of cyclone
tracks (shown in Figure 5) began with selection
of a region within the Central Asia region, Sector
[40°N — 50°N; 50°E — 90°E], and counting of
the number of individual extratropical cyclones,
whose tracks crossed the Sector boundaries. These
cyclones carry different amounts of water vapor
and may not necessarily cause precipitation events
within the Sector. However, they are a prerequisite
for the outside water vapor transport into the
Sector and indirectly characterize the regional
precipitation amount.

Our analyses of the freezing rain days are
based on the specific Present Weather Code (PWC)
variable that adheres to WMO standards (WMO
2004) and is available in synoptic national and
international archives listed above. We counted
days with freezing events that were defined as days
with at least one such event. Thus, two separate
freezing drizzles in a given day were counted only
once.

3. Results

3.1. Large scale temperature changes
and their impact. Analyses of the large scale
temperature changes during the period of
instrumental observations over DLB (Figure 2)
show that the mean rates of winter and spring
temperature increase have been among the
largest in the world (2.2°C and 2.0°C per 134
years, respectively), but summer temperature
changes are statistically insignificant, except for
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the last 2 decades when they increased by 1°C.
A steady spring warming causes earlier onsets of
the growing season in DLB (cf., Figure 4). In the
DLB, the growing season is long enough and its
further increase means that precipitation increases
should balance the increased vegetation water
demand or drier weather conditions will occur
which negatively affect existing vegetation and
shift its spatial pattern. This is especially relevant
in the past two decades when summer temperatures
have increased and worsened the water deficit in
the Continent interior.

The winter season warming in the DLB was
also substantial but non-linear (Figure 2). It is
corroborates well with the Arctic warming in the
last decade that promoted more winter anticyclonic
conditions over the interior of Eurasia (Newson
1973; Mokhov et al. 2014). These anticyclones
in winter means cold outbreakes that contribute
to mean seasonal temperature changes shown in
Figure 2.

3.2. Arctic and changes in atmospheric
circulation in the extra-tropics. The last decade
in the Arctic was extraordinary warm (Figure 3). It
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affected the penetration of the extratropical cyclones
into the interior of the continent. In the summer
season, this process was not linear. In some years,
there were more cyclones than usual and in other
years there were a much less than usual number of
these cyclones. Figure 5 illustrates these peculiarities
of the cyclone tracks’ behavior in the Central Asia
derived from the latest Atmospheric Reanalyses
developed in the United Kingdom (ERA-interim)
and in the USA (MERRA) for the summer season.
Globally, the meandering of the extratropical cyclone
tracks corresponds (among other reasons) to a new
mode of precipitation patterns observed across the
extratropics (Figure 6).

3.3. Summer warming and the cryosphere.
Krenke (1982) derived the glaciers’ balance as a
function of summer temperature at the snow line
of the glacier and the annual precipitation totals
on its surface above this line. The quantitative
estimates Kenke made mostly in the Central
Asian glacier systems. Among these findings
was that an increase of summer temperature at
the snow line by 1°C should be compensated
by about 10% increase in annual precipitation.

—Spring

—Summer

1875 1890 1905 1920 1935 1950 1965 1980 1995 2010

Figure 2. Mean winter, spring, annual, and summer surface air temperature anomalies during the 1881-
2014 period area-averaged over the DLB (reference period 1951-1975; archive Lugina et al. 2006, updated).
Autumn changes are similar to those in summer but with higher variability.
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Both these quantities are practically unmeasured
at the existing meteorological networks of
the Central Asian countries. However, we
can extrapolate the observed warming at the
elevations of the existing network upward to the
slopes. The observed evidence of the glaciers’
retreat (Aisen and Aizen 2014; Syromyatina et
al. 2011) supports the general tendency of the
temperature-related retreat of the glaciers in
Central Asia that cannot, so far, be mitigated
by a corresponding increase of precipitation at
high elevations.

3.4. Freezing events over Kyrgyzstan.
Currently, the changes of the frequency of
freezing events during the past 4 decades
have been studied only over six countries.
These include Canada, USA, Russia, Norway,
Kyrgyzstan, and Belarus. The first publication

that includes the results for the first 4 countries
in this list is Groisman et al. (2016). Here we
present our pilot results for Kyrgyz Republic
using the synoptic data from 1966 to 2008 for
26 synoptic stations of this country. Table 1
shows a significant (threefold) increase in the
freezing events frequency at high altitudes of
the nation.

3.5. Streamflow changes in the Central Asia
River Basins

Revealing climatic changes in Central Asian
runoff has never been a pleasant exercise. Water
withdrawals for irrigation and other needs are very
high and for many decades these withdrawals were
reported unscrupulously. Current reports show
decreasing discharge tendencies in the downstream
of large rivers, Amu Darya and Syr Darya. However,
upstream annual discharge variations show no trend
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Figure 3. Annual surface air temperature anomalies (°C) area-averaged over the 60°N — 90°N latitudinal
zone during the period of mass-instrumental records from 1881 to 2014
(Lugina et al. 2006, updated).

% 25 ¢+ Russia ¢ Kazakhstan
g »
2 200 e ® * .
& ® o °* LY L
=5 @
< Y A Y 4
8 175 : e %’ ‘m...' ...‘0 .o. *
g e o 2 « ®
5 150
& 3
[ * * P ". ’.’ i
” ‘“ ® ’\ * e A3
125 #,"”’ ‘,\”Q" .““’ * e * .
1930 1945 1960 1975 1990 2005

Figure 4. Duration of the growing season area-averaged over Russia (rombs) and Kazakhstan (dots). It
shows that during the past 70 years, there were significant increases in the length of this season by 6 to 11
days (or by 5% to 6%) respectively over these two countries.
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Figure 6. Beads with a fixed number of stones illustrate how we can have in the same region simultaneous
increases in prolonged Wet Day and Dry Day Periods even with unchanged precipitation totals (design by
0.G. Zolina). This kind of redistribution of precipitation events has been documented over most of northern
extratropics from southern Canada and USA to Europe, Russia, and Japan (Groisman et al. 2013).
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Figure 7. Pamir Mountains and Amu Daria (left) and Tian Shan Mountains and Syr Daria (right) upstream
annual discharge variations.

or even increases in the last decades especially in
the Tian Shan Mountains (cf., Figure 7). We cannot
say with confidence if these increases are of natural
origin (due to precipitation increase or glaciers’
melt) or if they are due to reduction of agricultural
activity in the River Basins.

4. Discussion and Conclusions

4.1. Generally speaking, the ongoing climatic

changes in the DLB such as mild winters with
frequent thaws; earlier spring onset; longer
vegetation season; warmer

summers; and no significant change in
precipitation, promote water supply deficit.

The observed and projected temperature
changes altered the frequency and intensity of
extreme events (Groisman et al. 2009, Soja et
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Table 1.

Climatology of the annual frequency of all freezing precipitation events (freezing rain, freezing drizzle, and
ice rain) over Kyrgyzstan during the 1966-1990 period and recent changes in this frequency during the 21*
century (only data for the 2000-2008 period have been available for this analysis).

Freezing events at different elevation below 1 km from 1 to 2 km above 2 km
Climatology 1.03 0.63 0.31
Changes between two periods -0.24 0.24 1.07

al. 2007; Shiklomanov et al. 2007, Zhai et al.
2004; Barriopedro 2011; Schubert et al. 2014).
These disturbances include, but are not limited to,
widespread droughts, unprecedented floods, dust
storms, massive melting of the glaciers, and wild
fires in both steppe and forests. The changes have
occurred within a context of socioeconomic shifts
that have produced abrupt and large-scale land
use changes. All these aspects of contemporary
environmental change must be thoroughly studied
and monitored.

4.2. Our special concern is a decreasing ability
of regional observing systems to monitor the
ongoing changes, especially at high elevations.
We have new tools to monitor (e.g., remote sensing
instrumentation) but to utilize the new products in
context of climatic change is still a challenge.

4.3. Regional societal sustainability within
the DLB is at risk because, unlike other dryland
regions, it is densely-populated and diversely
governed by contrasting political systems. Some
of these systems are “in transition” and have not
yet established sufficient resilience to withstand
social and environmental extremes (Lioubimtseva
and Henebry 2009). Collapse of the former USSR
and the rapid economic expansion in China have
produced changes to the land surface that have
not been comprehended by physical models alone.
The environmental consequences and pathways
of recovery of multiple (and unique) extreme
socioeconomic disturbances in the region therefore
merit further thorough scientific analysis supported
by environmental and climatic monitoring.
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