Permafrost and climatic changein Mongolia
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Abstract. The permafrost area range in Mongolia is almosthermal stability types. The development and distion of
1 million kn?, and can be easily divided into latitudinal andpermafrost in Mongolia is mainly dependent upomalic,

altitudinal types. The permafrost environment hiaanged
markedly several times in central Asia. The ice gesdand

geographic, geologic,
conditions. The latitude is the second importantdathat

permafrost formed during the Late Pleistocene dile s influences the distribution of the mean annual

present in central Mongolia. The lower limit ofiaitinal
permafrost in western Mongolia has elevated onliitle
(near 300m) since the last glaciation maximum. Camexgb
with that in northern Europe and North Americaittatinal
permafrost in northeastern Mongolia is less sesgsit local
warming, but altitudinal permafrost, especiallyrpeafrost in

temperature (MAAT) and thus, the distribution and

development of altitudinal permafrost. With southdva
increase in the temperature, the lower limit ofnpefirost

ascends 200-240 m in the Khentii, 150-270 m in the

Khubsgul area, 260-320 m in the Khangai, 150-210 the
Hutag Ull Ord Mountains and 240-350m in the Altai.

the Altai and Khangai and partially also in Khentii Permafrost evolution during the Quaternary

Mountains, is sensitive to climate warming. Sirfeemiddle
of the 20th century, significant permafrost degtexahas
occurred in Mongolia.

I ntroduction

Many intensive and persisting glaciation—intergigioin
permafrost shifts have set in the Quaternary (Ryekko et
al., 2007). In the Early Pleistocene, permafrostettgped
only in high mountains (Marchenko et al., 2007).eTh

Sodnom and Losev (1976) summarized the principatecond glacial maximum during the Quaternary oeclirr

characteristics of permafrost in Mongolia. Althougb
maps have been digitized and included in the Gdigehi
databases and models for cryospheric studies ingblan
till now. During the last 10 years, permafrost stsdin
Mongolia have started and contributed to envirortaden
protection. Our study has made an approached d&tima
for change in territorial permafrost distributionMongolia
at the various scripts of possible change in aeciglimate.
Further, within the 10 years of field works, nevoimation
for long-term average annual temperature of air aed
borders of permafrost were found out in Mongolia.

Data and methods

Frozen ground was investigated in 2003-2009 petamd
study the distribution and degradation of permafioghe

between 0.8 and 0.6 Ma, with a MAAT in range frofr2-to
—-4°C, and permafrost was extensively developed@ally
in the northern Mongolia. Ice-wedges, formed durihg
coldest stage of the Late Pleistocene, were fotsé\geral
places in the Khubsgul and Khentii (Kynicky, 2006).
The interglacial period was warm period, and perosif
almost completely occurred in very high mountaihAltai,
probably. During the glacial periods from 330 ard Xa,
permafrost was continuously distributed identifetdlieast
four periods of permafrost expansion during the p&6 ka.
The permafrost area during the last glacial maxiniléa-32
ka) was estimated at 1xLkm’ (Kynicky, 2006).

The warm period in the Holocene occurred from 8.8.4
ka, when the MAATs were about 2-5°C higher, resgltn
permafrost degradation. Sand wedges stopped deéweglop

selected mountains and basins, located at the erarth about 9 ka, indicating the start of warming. Dur8eB ka,

Mongolia.
The presence of permafrost was examined by elataim

the climate was warm and humid, and peat and palkeos
were well developed as a result (Kynicky, 2006).eTh

thermal soundings. The obtained data of permafrostarmest period in central Asia was about the 8544,

distribution fitted to the sounding results was pegh and
processed by GIS applications (Houska and Kyni2R9p4).
Detail temporal variations in thermal and hydrotagi
regimes were also investigated for two years (22085) at

when the MAATs were about 3-5°C higher;
megathermal occurred at about 6—4.5 ka (Marchenhkh,e
2007). Therefore, the permafrost in Mongolia isctehnd
has been degrading since the last glaciation. With

Khentii Mountains by manual observations of air andclimatic fluctuations, the lower limits of permastomoved

ground temperatures, precipitation, and near-serfsail
moisture and groundwater level.

Results and disscussion
Per mafrost distribution

up and down several times simultaneously, goingrdibeir
present positions. During the Early Holocene wagnin
intensive and frequent flooding resulted
distributed gravel strata with thicknesses of 0®G-h

overlying sediment with polygonal wedges. Permadfros

The permafrost area in Mongolia is estimated atuBbo porth of the northern Gobi desert thawed completely

0,804x16 kn?, accounting for 51.4% of the total
Mongolian land territory. Permafrost in Mongolianminly
in the Khubsgul, Orkhon-Selenge, Khentii, Khangad a
partially also in Hutag Ull Ord Mountains and cam b
divided into latitudinal and altitudinal permafrast into 7

Sensitivity of permafrost in Mongolia to past climatic
changes

The southern limits of permafrost distribution iarthern

Europe have retreated 23-24° northward since tke la

hydrologic and surface cover

the

in  widely



glaciation and have shrunk 16-18° northward in Nort been identified during the Holocene, and most ardas

America. However, in Mongolia, there have been &nly°
retreats. This can be attributed to the combin#éidénce of
the strong and persistent inversion layer of timeoaphere
up to 1500 m in elevation, controlled by
Siberia-Mongolia low pressures and local geography.
western Mongolia, the lower limits of altitudinatgafrost
have risen several hundred m (Sodnom, Losev, 19i6).
other words, the periglacial environment in Mongdhias
been less sensitive to climate changes.

Recent permafrost degradation

As a result of climate warming about 0.4—-0.5°C nigithe
last 50 vyears,
characteristic of winter warming, extensive permostr
degradation has been interpreted and is expectdtiein
future.

Monitoring along the transect through the Khubsgntl
Khentii indicates an increasing of the MAGTs of abo
0.4-0.5°C in seasonally frozen ground, taliks, &fand
permafrost zones, and about 0.2-0.3°C in the contis
permafrost zones. In the unstable permafrost zaith, a
MAGT of —0.5-0°C, permafrost warms quickly. Thedac
warming during the last 35 years was estimateceast!
1.0°C in the Khentii Mountains, and the southemitliof
Eurasian permafrost has retreated 20—30 km northihere.
Itis predicted that the northward shrinkage offieemafrost
will be about 80-200 km and the MAGT will rise
correspondingly, if the air temperature increas€s within
the next 50 years.

Recent climate humidization versus aridization events
Episodes of dry/warm and cool/humid are distinctige

overall Upper Holocene. But they are of no impadrtan

significance for quarternary climate history. Aftations of
warm/wet optima and cool/dry pesims are more ingoart

Occurrence of unusually strong summer monsoongdrin

floods into Mongolia too Kajer et al., 2008). In contrast,
following winter could be affected by heavy dry Bpleiring

El-Nitio event. Flood events in Asia do not correspontl wit

warming cycles. That is why permafrost melting coobt
be attended acompanished with by the central Asizate
humidization. After permafrost melting, the hugeaofi or
desiccation with desertification could come. Noddarm
relation between humid periods and stronger Asisnnser
monsoons alternations was evidenced (Prokopenlia., et

permafrost in Mongolia now are relicts of cold dites and
have been in degradation, especially during theGtagears.
The climate has been warming since the last glaciat

the significant warming and flood events have been onlesk

since the 1970s and 2000s, and the same trengdeastexl in
the future.

The most important impact of permafrost degradaoon
water resources. Protection of cold regions andemvat
resources will be a key issue for the human and@mwent

in Mongolia (Kynicky, 2006; Novotnd, 2008; Ruk&kova,
2008).
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2007). Permafrost degradation does not indicateeroth gognom N. and Losev N. Ph, Environmental conditad

spreading of niches for vegetation. Probably far thason a
biome borders in Eastern Siberia and Mongolia ke
been occurring in the same ranges since the Laisad)l
through strong climate changes run (Tarasov e28D).
Landscape of the Mongolia is still
desertification (HouSka and Kynicky, 2004; Samealet
2006; Bajer et al., 2008).

Conclusions

The area of permafrost in Mongolia has experiemeednt

resources in surrounding area of Khubsgul, MongMiascow
(in russian), 1976.
Tarasov et al., Journal of Biogeography 27: pp.-6@20, 2000.

predisposed to

shifts, and may have disappeared in central Moagoli
except on very high mountains, during next decades.
Accelerating fluctuations of climate and permafrbsive



