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Tunbl perynupoBaHnAa TemnepaTypbl
noacTunaroweun nopepxHocTn (Becker et
al.,1987)

PaguaunoHHoe: ecnu anb6eao NOBepXHOCTU yBeNMYNBaAEeTCs, TO NOrnoLeHHas
NOBEPXHOCTbLIO PaAuaLMOHHasA 3HEePrus yMeHblUaeTcs, Bbi3biBasi YMeHbLUEHne
TemMnepaTtypbl NOBEPXHOCTU U, HAOOOPOT.

JBanoTpaHcnNMpauuoHHoOe: ecnu anbb6eno NoBepXHOCTU yBenuynBaeTcsl, YTo
4yacTo ObIBaeT Npu YrHeTeHUN U N3pPeXNBaHUN PacTUTENLHOIo NOKpoBa B
nepuvopn AnuTtesnibHoro necduunTa 0ocagkoB MU NMPU aHTPONOreHHOM
BO34EeNCTBMU, BeNIMYMHA IBaNoOTPaHCNUpaLMm ymeHbllaeTcs. ATo BeaeT K
NOBbILWEHUIO TeMnepaTypbl NTOBEPXHOCTU, U HAOOOpPOT.
JBanoTpaHcnMpauuoHHOe perynupoBaHMe TemnepaTtypbl NOBEPXHOCTU TECHO
CBSI3aHO C a3poaUHaMUYECKUM perynmpoBaHueM Yyepes napameTp
LLePOXOBaTOCTM.

As3poauHamMmunyeckoe: ecrnm NNOTHOCTb HU3KOro pacTUTEsIbHOro NOKpoBa
(TpPaBOCTOMN, KYCTAPHUKN) YMEHbLUAETCA , TO NOBEPXHOCTbL CTAHOBUTCA pOBHee
(CHMXKaeTcA NnapamMmeTp WepoxoBaToCTU). ATO YMEeHbLlaeT nepegavy
NOBEepPXHOCTLIO aTMoccepe BepTUKaANbLHOro TypoOyneHTHOro NoToKa Tenna u
Bfiarv, YTo noBbILIAeT TeMnepaTypy NOBEPXHOCTU B AHEBHbIE Yachl.



HeobOxogoumMble TepMUHDI

«3acywnusble 3eM/u» - apuaHble, CEMUapUaHbIE U CyxXue cyorymmaHble

pPanoHbl, B KOTOPbIX KO MPUUMEHT yBNaXHEHUS, T.€. OTHOLLEHNEe CpeaHEero
eXXerogHoro ypoBHA 0CafKoB K NOTeHuUuanbHOM 3BanoTpaHcnmpaumm no
TopHTBenty (KYT) konebnetcsa B ananasoHe ot 0.05 go 0.65; 3HavyeHus
KYT B gnanasoHe 0.05-0.20, 0.20-0.50 1 0.50-0.65 xapaktepuaytoT
COOTBETCTBEHHO apuiHble, ceMmnapuaHble N cyxue cyorymmaHbole 3eMnm
(CCD, 1994);

«orycmsbiHUBaHuUe»— aerpagauusi 3eMmernb B apuaHbIX, CeMUapUaHbIX U
CYXMX CyOryMUaHbIX paioHax B pe3ynbTaTe AeNCTBUSA PasfiMYHbIX
dakTopOoB, BKIlOYasi UIBMEHEHME KnuMaTa 1 OesTENbHOCTb YEITOBEKA;

«Oeepadauusi 3eMesib» - CHXKEHME nnn notepst buonorn4eckom u
9KOHOMMYECKON NPOAYKTUBHOCTU U CIIOXHOM CTPYKTYPbl BorapHbIX
NaxOTHbIX 3eMefNb, NacToul, B apuaHbIX, cCeMnapuaHbiX U CyXmux
CyorymMmmnaHbIx panoHax.



Llenb nccnegoBaHus:

Ha ocHOBaHMKM HAKOMJIEHHbIX 3KCNepUMeEHTasbHbIX JaHHbIX O
napameTpax noacTunarLen NoBepPXHOCTU 3acyLUNMBbLIX 3eMeSlb
onpenenuTb NPOCTON Ha3eMHbIN, a 3aTEM CMYTHUKOBLIN MHOWKATOP
OOMWHUPOBaAHNSA pagnaLMoHHOro MexaHn3amMa perynmpoBaHuns
TemnepaTypbl NOBEPXHOCTN B MacluTabe BereTauMoOHHOro ce3oHa.

Pa3BuTtue npeacraBneHnst 06 onycTbIHUBAHUN C Y4ETOM
MEXaHMU3MOB pPerynmpoBaHus TemnepaTypbl 3acyLUIMBbLIX 3€MErb U
X PONn B 0OpaTHbIX CBA3SIX B PErMOHarbHON KNUMaTU4YeCKOM
cucteme. Toraa onycTbiHMBaHNE MOXXHO paccMaTpuBaTh Kak
pe3ynbTaT B3auMOOAENCTBMA OBYX COCTABMNSAKOLINX: apuamsaumm
(knMMMaToobyCnoBNEHHOrO ONMYCTbIHUBAHWUS) U aHTPOMOTreHHOW
Aerpagaumm 3acyLlunmBbiX 3eMernb ¢ 00paTHbIMU CBA3SIMU anbbeno-
ocagku.



HaseMHble 1 OUCTaHUMOHHbIE OaHHbIE,
pe3yrnbTaTbl YACIEHHbIX 3KCNEPUMEHTOB Ha
KNMMMaTUYEeCKUX Moaensax

HaseMHble: cyToYyHada U ce3oHHad JMHaMMKa COCTaBNAKOLWMX YpaBHEHNS TEMNOBOIO
BGanaHca 1 napameTpoB noacTunarLen nosepxHocTn (anbbeno, TemnepaTypa u
T.[), @ Takke onpeneneHve 3efieHon UTOMacChl U MPOOYKTUBHOCTU B MYCTbIHAX,
NOSyNyCTbIHAX W cyxux ctenax CpegHen Asnm n MoHronum (1981-1986).

BepToneTHble N HAa3eMHbIE: MEXCYTOYHAA ANHAMUKA onpeaeneHHbIX N0 Ha3eMHbIM U
AVNCTaHUMOHHbLIM AaHHbIM COCTaBSAOLWMX TENNOBOro banaHca 1 napameTpos
NoACTUNaoWEN NMOBEPXHOCTU N OLLEHKM buToMacchl No 250 KM TpaHCEKTE Ha
Tepputopum KaszaxctaHa (cyxast ctenb — NOnynycTbiHS —NyCTbIHSA) (1988-1989).

O600LeHNa onybnmMKoBaHHbIX Pe3ynbTaToOB OTEYECTBEHHbIX KOMIMMEKCHbIX
akcneanuun (Maxta-Apanbckas -1952, MaxtanuHckas -1959, KBHEKC-70, KOH3OKC-
71, a Takke MexayHapoaHbix akcnepumeHToB (ECLATS-1980, Yantala campaign-
Niger-1984, HAPEX-Sahel-1991-1992, HEIFE-China-1989-1993.

PesynbTaTbl YACNEHHbIX 9KCNEPUMEHTOB MO BIINAHUIO NapaMeTPOoB MOBEPXHOCTU
TypaHckon paBHUHbI U BocTo4HOM YacTu [Npnkacnmnckom HUSMEHHOCTU Ha Tenno-
BnaroobmeH ¢ atmoccepoun Ha mogenu Tennosoro 6anaHca A.b.lLimaknHa (1997) u
N3MEHEHUS BEPTUKATbHbIX TYpPOYTEHTHbLIX MOTOKOB B MPU3EMHON aTMocdepe Ha
Tponuyeckyto koHBekumtio B CeBepHon Adpurke (caBaHHbl 1 nieca) Ha mogenun LMD-
GCM (Polcher, 1995).



Koppensuna mexay anbbeno (a) n temnepartypon (ts) Ha Mnu-banxawckom nonvroHe B KasaxcTaHe.
N3mepeHus c BepToneTa. a) 24-28 anpensa 1988 r. 6) 21-23 aBrycta 1989 r.
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Koppensauua mexay anb6eno n temnepartypor NoBepxHOCTH Ha TypaHckon paBHuHe (39-51 N 1 54-
58 E). Anbbeno -HabniogeHusi, TemnepaTypa BblYMCNEHA NO MoAenn TennoBoro 6anaHca
A.B.lWwmakuHa (1997) ansa nong. 3eneHasa putomacca — gaHHble basunesuny, 1993
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Physical faeedbaciks In aridization

positiva (Chamey, 1975)
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Fig.1. Hypothesis for albedo-precipitation feedbacks in aridization of dry-lands.

Climate-related desertification is maintained by a positive feedback in regional climatic system
dominated by radiative regulation of surface temperature. Expansion of positive feedback is
blocked by negative one dominated by evapotranspiration regulation of surface temperature.
Switch from positive feedback to the negative one is predetermined by the change of heat
transfer between surface and atmosphere, if the sensitive heat flux increases. This mechanism
takes place in case of simultaneous increase of albedo and surface temperature. The threshold
value of green phytomass (0.5 t ha') and its indicator NDVI AVHRR (<0.07) below which the
negative feedback changes over to positive one, has been determined. Anthropogenic
degradation of vegetation accelerates attaining of the threshold value of the phytomass and
subsequently the expansion of climate-related desertification.



Relationship between monthly surface albedo (as) and temperature (ts)
along south-north transect through the Caspian Lowland (47.5-52N, 48-
51E). May-September 1985-1991. Data from Gutman et al., 1995.

Observations supporting the hypothesis

Analysis of surface heat balance observations in
Northern Eurasia and Northern Africa
reveals negative correlation between albedo

P and surface temperature in arid areas where

the radiative mechanism of surface energy

exchange is dominating while a positive
correlation is typical for subhumid areas
where evapotranspiration plays a significant
role. Semiarid areas differ from the
surrounding territories by increased
variability of energy fluxes and a decrease of

Climate-related correlation between albedo and surface

temperature. Thus, there is threshold albedo
value determined by vegetation of semiarid
areas. If the albedo is above the threshold
value, the evapotranspiration regulation
mechanism of surface temperature is
changed to a radiative one, which increases
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Relationship between monthly surface albedo (a.) and temperature (t,)
along a south-north transect through West Sahel (14-20N, 12-15W)
and Mongolia (42-49N, 103-108E). May-September 1985-1991. Data
from Gutman et al., 1995
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The picture shows switch of
the surface energy exchange
mechanism in other dry
regions (Mongolia and West
Sahel). The values of the
threshold albedo are different
In these dry regions. But the
switch of the surface energy
exchange mechanism was
observed under equal values
of mean seasonal NDVI
AVHRR



Another support of the hypothesis.
Numerical experimentsfor tropic areas
(Polcher,1995).
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Fig. 3. Bchamatic repragentation of the aansitivity of tropical convection
to land surfece changea in the LMD-GCM [Polcher, 1985).

The different surface albedo)and temperatureftchanges imposed to the LMD-
GCM lead to increases as well as reductions ofé&msible heat flux (H). If H is
reduced (negative correlation betweearal t), the frequency of convection is
lowered, which tends to diminish regional precifiaia. An increase of subsident
events is also found (positive feedback, Charnegshmanism). A higher H leads to the
converse effect (negative feedbackhe critical question israised: what isthe
sensitivity of convection to land surface changes in semiarid lands of Northern



The areas of climate-related component of
desertification

« Area dominated by the climate-related desertification is a
territory, where, in most cases, green phytomass attains
threshold value (<0.5 t ha'; NDVI AVHRR<0.07) in seasonal
and interannual changes. We use NDVI AVHRR<0.07 as a
parameter for monitoring the climate-related desertification (the
aridization indicator). Indicator is determined as the time period
when it takes for NDVI AVHRR<O0.07 during the vegetation
season.

 As arule, the area includes a part of arid and semiarid lands in
case of slight anthropogenic degradation of the vegetation
cover. Sometimes the area expanses due to dry subhumid lands
degraded as a in result of human activities. In the late 20th
century importance of the anthropogenic degradation of dry
lands as additional regulator of positive feedback increases.
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Fig. 6. The North-Turanskiy area of climatic desertification and geographical zones.
Isolines - indicator of climatic desertification in month/M.-S. (NDVI < 0.07). May-September 1982-2001.

The area subjected to the climate-related desatiin process in Central Asia occupies the
most part of semiarid lands ( the zone of nortltkrsert).
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Fig. 7. The Sahel area of climatic desertification and geographical zones.
Isolines - indicator of climatic desertification in month/J.-S. (NDVI < 0.07). July -September 1982-2001.

Sahel area of climate-related desertification kpseded in the Western Sahel in the late
201 century due to inclusion of dry subhumid lands.



Comparison of the past decade (1992-2001) to the previous decade (1982-1991)
The areas of climate-related deserification
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Fig. 10. Change of indicator of climatic deserlification in dry lands of the Northem Eumeia for period May-September 1882-2001 in comparison
with period 1882-1891. Isoline in month.

The northern limit of the area subjected to theeddgation process in Central Asia has
remained stable. The area has expanded southwarceaslt of drying the Aral Sea and
landscapes of the Amu-Darya and Syr-Darya detisnpl Comparison of the past decade
(1992-2001) to the previous decade (1982-1991 jatedea tendency of reduction of the

desertification in the Caspian Lowland and itsmstécation in the areas between the Aral
Sea and Lake Balkhash.



Comparison of the past decade (1992-2001) to the previous decade (1982-1991)
The areas of climate-related deserification

Fig. 11. Change of indicator of climatic deseriification in dry lands of the Northern Africa for period July -Septemnber 1902-2001 in comparnson
with period 1932-1901. Isoline in month.

Comparison of the past decade (1992-2001) to tevaqars decade (1982-1991) revealed a
tendency of reduction of the climate-related dés=tion in Sahel.



BbiBOOb!

[TIpoCTble Ha3eMHbIN U CNYTHUKOBbLIM MHOUKATOPbI JOMUHUPOBAHUA
pagnaumMoHHOro MexaHmama perynmpoBaHuga TemnepaTypsbl
MOBEPXHOCTU 3aCyLUNMBbLIX 3eMeNb pa3paboTaHbl.

[MpeanoxeH HOBbIN B3NS4 HA KNMMaTUYECKOE ONYCTbIHUBaAHUE, KakK
pe3ynbTaT B3auMogencTems apmamsaumm n aHTpPonoreHHou
gerpagaumm 3emernb ¢ obpaTHbIMU CBA3SAMU anbbeno-ocagku.

CnyTHMKOBBLIN MHOMKATOP AOMUHMPOBAHNA pagnaLoHHOIo
MeXaHu3ma perynuposaHuga temnepatypbl nosepxHoctn (NDVI
AVHRR) npuMeHeH ansi oueHKn MexgekagHoro NUsMeHeHus
KIMMMaTMYEeCKOro onyCcTblHUMBaAHUA B Pa3HbIX 3aCYLUITMBbIX permoHax
3a nepuopg 1982-2001 rr.



Cnacunbo 3a BHuUMaHue!




CONCLUSIONS

A simple indicator of climate-related
desertification (aridization), using remote
sensing data (NDVI) is proposed. It is
based on domination of the radiative
mechanism of surface energy exchange in
dry lands.

 The hypothesis of regional positive and
negative feedbacks related to albedo and
precipitation changes is analyzed.

 The specifics of aridization changes In
different dry lands of Northern Eurasia
and Northern Africa in 1982-2001 are
revealed.






