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EXPERIENCE IN STUDYING CLIMATE CHANGE’S IMPACT ON
DESERTIFICATION / DEGRADATION, DROUGHTS IN DIFFERENT ARID
REGIONS

A.N. Zolotokrylin, T.B. Titkova, E.A. Cherenkova, V.V. Vinogradova

Institute of Geography, RAS, Moscow, Russia

The concept of modern desertification’s climatic component in arid key regions in
Eurasia and North Africa 1s proved in the monograph ‘Climate Desertification’ (Zolotokrylin,
2003). This concept explains the nature of climatic desertification and identifies its main
peculiarities. Desertification means interaction between aridization and drylands degradation,
with feedbacks 1n ‘arid territory-atmosphere’ system. Climatic aridization means refers not only
to degraded territory’s atmospheric humidification reduce, but meso-scale processes of heat
exchange between this territory and atmosphere boundary layers as well. In case of such heat
exchange, aridization sustammed by positive ‘albedo-precipitation’ feedback. This positive

feedback based on negative correlation between degraded surface’s albedo and the temperature.

The concept 1s based on the ability to quickly restore degraded dryland ecosystems with
favorable climate effects. Later. it independently became the basis of a new paradigm of
desertification, developed i the work "Dryland Opportunities. A new paradigm for people,
ecosystems and development "(Mortimore, 2009), instead of the supported UNCCD

degradation paradigm.

The concept generalizes the experience of using satellite data (spectral properties of the
surface of arid territories) for global assessments of desertification. The result showed positive

trends NDVI. which contradicts the views on their progressive degradation.

The concept stimulated the development of approaches to studying the spread and
dynamics of desertification / degradation. mmcluding droughts (desertification, land degradation

and drought, DLDD) in different arid regions in a changing climate, which are set out below.

The position of the boundaries of bioclimatic zones (subhumid. dry subhumid, and

semiarid) on the plains of Russia was determined by the aridity index (the mean annual
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precipitations to potential evapotranspiration ratio estimated according to the approach by
Penman). The index was calculated for the penod 1981-2010 (Zolotokryhn et al 2018). Steppe,
some forest steppe. and broadleaf forest landscapes are located in the subbhumid zone on the
East European Plam. Steppe. forest steppe, and some subtaiga landscapes represent the
subbumid zone on the West Sibenan Plain (Fig.1) Some regions m the subhumid zone are
charactenized by increased frequency of atmospheric and soil atmospheric droughts and may be
considered episodically and.

The satellite indicator of land degradation shows a considerable positive trend i the dry
subhumid and semiand zones and a positive but unstable trend in the subbhumid zone. The
evaluation of droughts and desertification’degradation of slightly and regularly and subhunud
lands 15 reasonable.

60°N
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Fig. 1. Biochmatic boundanes of the sub-humid zone: northem (1sohines with Penman
andity index value, AIP equal to 0.75 - (I)) and southem (1solines with AIP value equal to 0.5
- (I)). The boundary of the semi-and zone (an isoline with an AIP value of 0.35) - (III). The
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northern boundary of the div subhumid zone {(an 1soline with the value of the arthifis mdex for
the Tomtvert, AIT, 0.65 - (IV)). Landscapes: 1 - semudesert and desert, 2 - steppe typical and
dry steppe. 3 - forest-steppe, 4 - broadleaf forest, 5 -Subtaiga.

The mmpact of El Mino-Southern Oscillahon (EXNS0) events on generahng wet and dry
conditons m the Sonoran Desert 1= examined (Zolotokrylm et al. 2016). Wet and dry condihions
were wdentified from data of the Satelhte Climate Extremes Index (SCEI). usmg MODIS
satelhte 1magery for Mav—September 2000-2015. Addihonally, MODI1& evapotranspiration
products were considered as supplementary enternia. Negative SCEI values (dry condiions)
comrespond to radiation mechamism of regulation of prevailing swiface temperatwre, while
positive values (wet condifions) comrespond to evapotranspiration. Five types of SCEI seasonal
dynamics were 1dentified 1n the Sonoran Desert The hink between these five types and ENSO
events are discussed. Extreme moisture occwred m 2005 dunng four months, 2010 only 1
May, and 2012 in Mav, then decreased in June—July, and transitons to wet condifion 1n
September. These events occurmed m years when El Nifio and La Nifia were actrve. In summer
2005, an abrupt shuft from El Nifio to La Nifia occurred, while mn summmer 2010, La MNma
conditions were establizhed after May. In August 2012, El Nifio was intermupted and shafted to
a La Mina-hke episode for a month Our results indicate that the hkehhood of wet conditions
dunng Mav—September increased 1n shifts from El Nifio to La Nifia or estabhishment of L.a Ninia

condifions.

The authors explore a new approach to monitoring enclosed areas on the confinent with
accentuated desert conditions, here called “islands of desertification”, resulting from the
relation between albedo, surface temperature, and ND'VI values. The temmitory of the El Pinacate
¥y Gran Desierto de Altar Biosphere Reserve in northwestern Sonora, Mexico serves as the
example to substantiate the procedure. The region 15 located 1n the Sonoran Desert and 15 a
UMESCO World Herttage Site, a feature that punarantess munimmm anthropogemc impact i the
reserve. The results indicate that the approach was successful in 1dentfying only one 1:land of
desertification 1n the study area (Fi1g.2). The 1sland appears annually, though 1t vanes i extent
and mntensity, when NDVT falls below the values 0.095-0.10 m the spnng diy penods (Apni-
TJune) of 2000-2017. This oceuwrs when the radiaton mecham=m of surface temperature
rezulzfion begins to dominate mn relation to the evapotranspiration mechamsm. Its localization
15 practically constant year after vear, mdicating that 1t 15 climatecally condifioned. 1.2, 1= not
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caused by anthropogemc pressure. The intensity of deserhfication in the “desernfication 15land™
has a sigmficant upward trend: the growth rate of the negative comelahon coefficient 15
sigmificant. Two types of a seasonal course of intensity are established, depending on the change
of the 501 sign in the spring.
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Fig. 2 The Sonoran Desert (left map). The rectangzgle show the study area (enlarged to
the nght); the curcles display the location of weather stations near the area. The nght map
displays the elevation curves every 20 m (from 0 to 100 m), and every 100 m (from 100 to 1000

m).

Momtonng of deserhfication 1slands was made m the temtory of the Morth-Western
Caspian region for the penods 1983-199]1 and 2011-2017 according to the methodology
(Zolotokrylin and Titkova 2011). In Fig 3. Descnbed 1slands of desertification of different
intensities of predominantly anthropogenic ongmn in comparative penods. Companson of the
1slands of desertification of their localization and mtensity of desertification revealed their
mmltdirectional changes. In the first penod there was a large Chernozemelsky island of
desertification of anthropogemic ongin, which dizappeared in the second penicd as a result of
increased precipitation, reduction of overgrazing and anb-desert measures. New islands of
desertification of anthropogenic ongm arose on the temtory m 2011-2017 not only in the
northern desert, but alzo mn the southemn steppe.
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Fig. 3. Desertification 1slands of different intensity mm the North-Western Caspian
region. Dessrbfication Intensity: 0 - -0.4 — lowr; -0.4 - -0.6 — moderate; = - 0.6 - lugh. The
boundanes of the Biosphere Reserve “Black Lands" are marked, dotted - - - border of the
northern desert, --- state border of the Eussian Federafion

Changes in the state of Mongolian and ecosystems revealed m long-term field studies
have been analvzed in accordance with the developed concept of 1sland-tvpe deserhification.
Trends have been revealed in the development of climate andity, drought frequency, and the
anthropogenic load on pastures. Indicators of area moisteming, anthropogeme deserfification
islands, and the overgrazing degree of and pastures have been developed on the basis of satellite
MODIS data. It has been shown that the effects of a sharp reduction in the number of livestock
because of natural hazards (d=ut, drought) are relizbly manifested by a decrease in the surface
albedo and an increase in the vegetation mmdex. The dymamies of the 1slands of anthropogzenic
desertification has been analyzed. The degree of degradation of dry-steppe, desert-steppe, and

desert ecosystems has been estimated snowstorms.
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Fiz. 4. Deserhfication 1slands of varying mtensity m Central Mongoha: (a) 1985-1991;
(b} 2005-2009; () 2010-2014. The locations of the key areas and weather stations are denoted
with black circles and contoured black cireles, respectively. Deserification Intensity: 0 - -0.4 —
low; -0.4 - -0.6 — moderate; = - 0.6 - ugh.

The Unrversal Thermal Chmate Index (UTCI) 15 used to charzcterize changes mn
chimatc conditons of the population during the drought peniod and mmerease andity (Brade et
al. 2012, UTCI amed for a one-dimensional quantity adequately reflecing the human
physiologzical reaction to the mulfidimensionally defined actual outdoor thermal environmyent.
In the steppe area of the Sarztov region (Auzust), estimates of the degree of detenoration in the
chimatic condifions of life 1n the 2010 drought as compared to the wetter vear 2004 are shown
in Fig 5. Comfort and absence of thermal stress were observed in 2004, In the drought of 2010
{august), the contrast of chimatic condifions mereaszed on one of the days of the month: from
weak heat stress to mild cold stress.
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Fig. 5. Daily changes i UTCI 1n August 2004 (normal conditions) and 2010 (drought) in the
Volga steppe (Saratov region).

Keywords: drylands, chmate deserhfication, deserhfication 1slands, drought.
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