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ABSTRACT. Vegetation cover has a noticeable effect on surface reflectivity and local microclimate in arid areas of Mongolian
Gobi. Over the past decades, various shrub species (Haloxylon ammodendron and Calligonum mongolicum) have appeared
on the previously unvegetated hamada. The climatic consequences of bush encroachment are still poorly understood. Using
the experimental data, this article estimates the reflectance of plants dominating in Mongolia’s dry steppe, desert-steppe,
and desert ecosystems. The average values of the total reflection coefficient at visible and infrared wavelengths range from
19.7% + 1.4% to 20.1% + 1.7% in plants growing in desert-steppe ecosystems, and from 25.0% + 0.9% to 24.8% + 1.5% on
the bare surface. The difference between the reflectance of vegetated and unvegetated surfaces reaches 5%. Therefore, in
daylight hours, the vegetated day surface loses less solar energy than the non-vegetated surface does. This phenomenon
may be defined as a quasi- or secondary greenhouse effect — in daylight hours, solar energy is retained on the surface by
vegetation and this contributes to the temperature increase. Such an impulse, which seems to be insignificantly small at first
glance, triggers a series of climatic variations leading to a change in the structure of the radiation and heat balance as well as
the climate not only in the desert-steppe and desert ecosystems but also in Central Asia as a whole. All this may explain the
1.2-2.3°C increase in air temperatures in the Gobi observed over the last 25 years.
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INTRODUCTION This phenomenon has been observed in some

deserts of Central Asia including the Gobi desert (Karthe

The surface of the Earth is not uniform and climatic
zones have different functions in the biosphere. Eurasia’s
desert-steppe zone, which occupies approximately 4 b ha
(Zalibekov and Novikova 2016), is a special type of landscape
that is characterised by accelerated development. In deserts,
successive evolutionary changes occur much more rapidly
than they do in other landscapes. Many millions of years
ago, the early evolution of deserts was affected primarily by
the physiographical factors — high solar radiation intensity,
winds, dryness of air and soils, scarcity of precipitation, and
others. The later stages of evolution were shaped by not only
the physiographical but also the biotic factor — namely, the
emergence of the vegetation cover and fauna. The latter had
a corrective effect on ecological regimes and the trajectory
of climate change (Gunin et al. 1980; Dedkov et al. 2017).

et al, 2019; Gradel et al,, 2019). Our data suggets that the
unvegetated areas of the Gobi desert have reduced over
the last 35-40 years. The desert land cover on the inter-
gully areas (hamada) in Trans-Altai Gobi, which had a dark
shade in the 1970s, looks pale-yellowish today, which is
explained by the accumulation of sandy material. Large
amounts of sandy material are found in the wind shadow
of Haloxylon ammodendron’, Calligonum mongolicum,
Nitraria sphaerocarpa, and Reaumuria soongarica. The
formation of sand ridges and a porous crust horizon
under plants results in the emergence of biotopes
that differ from gullies and inter-gully areas in terms of
environmental conditions.

Over the past decades, various shrub species
(Haloxylon ammodendron and Calligonum mongolicum)

'Latin names of plants are given by The Plant List (http://www.theplantlist.org/)
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have appeared on the previously unvegetated hamada
(Slemnev et al. 1994; Gunin et al. 1999). The depth
of gullies below the surface of inter-gully areas has
decreased as a result of the accumulation of sand and
gravel material. Unlike previous decades, the process
taking place in gullies is accompanied by an increase
in the number of shrubs and semi-shrubs characterised
by a large phytomass and significant projective cover
(Haloxylon ammodendron, Ajania fruticulosa, and Salsola
arbuscula), as well as in the number of perennial grasses
(Arnebia fimbriata, Zygophyllum potaninii, etc.).

In 1952-2013, plant communities developed and
expanded in inter-gully areas, in gullies, on dunes and
mountain slopes. The number of rodent colonies rose
and the volume of, and area occupied by shed vegetative
parts increased. A progressive expansion of Ephedra sinica
and Allium polyrhizum was observed (Gunin et al. 2012;
Bazha et al. 2015). Areas of low temperatures emerged
and expanded above the surface of plants as well as
regions of very high temperatures above the surfaces
of shed vegetative parts in the mountains, on hamadas,
in gullies, and on dunes. The ensuing fragmentation
of biotopes increased the extremeness, dispersion,
and diurnal amplitude of temperatures (Dedkov 2016).
Over 60 years (1952-2013), the proportion of such
degradation indicator species as Artemisia adamsii, A.
frigida, Leymus chinensis, Carex duriuscula, Sibbaldianthe
bifurca, Polygonum angustifolium, and others rose in the
communities of Gobi’s dry and desert steppes. (Bazha
et al. 2012). At the same time, a good condition of
typical desert steppe dominants — Allium polyrhizum,
Cleistogenes songorica, Stipa tianschanica, and S. caucasica
was observed alongside an increase in the number of
plant species (in some places by 100%), the projective
cover, and especially the total aboveground phytomass
(Kazantseva 2009; Kazantseva et al. 2015).

Animal husbandry has been Mongolia's economic
specialisation since ancient period. Natural pastures
account for about 70% of the country's territory or
approximately 112.4 m ha, according to FAOSTAT, 2014.
In 2016, the National Statistical Agency of Mongolia
estimated the national livestock at 62 million animals
(http://www.en.nso.mn/). This cannot but affect the
structure of vegetation cover, surface reflectance,
microclimate, and the radiation balance. A major area
of vegetation cover studies is the application of remote
methods based on satellite and aerial imagery of vast
areas. Such studiesinclude an assessment of plant biomass
(Zhao et al. 2014, Sibanda et al. 2017); leaf area index
monitoring (Rusli and Majid 2014, Kappas and Propastin
2012); analysing temporal dynamics of vegetation given
phenological phases (Marstona et al. 2016); classifying
plant communities (Chopping et al. 2008); assessing the
quality of fodder and pasture productivity (Ali et al. 2016),
and other research. The analysed parameters include
various vegetative indices (Karnieli et al. 2013).

It was found that vegetation cover can have a
noticeable effect on surface reflectivity and local
temperatures (Bonan 2008; Brovkin et al. 2013; Collatz et
al. 2000; Heck et al. 2001). At the same time, there is an
opinion thatin arid landscapes, the influence of vegetation
on the reflectivity is insignificant due to its scarcity and
strong sparseness (Curadeau et al,, 2016). However, due to
the active process of shrubbery in ecosystems of arid and
semi-arid landscapes, which occurs in different regions of
the planet (North and South America, Africa, Australia),
researchers start to notice various consequences of this
process, mainly concerning the changes in the soil and
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vegetation cover (Van Auken 2000; Knapp et al. 2008;
Buffington and Herbel 1965; Cyrus et al. 2017., Archer et
al. 2017). In particular, it was found that overgrowth in the
Chihuahua Desert in North America leads to a change in
the microclimate, namely, an increase in soil temperature
and night air temperature is noted (D'Odorico et al. 2010).
It should be noted that the climatic consequences of
bush encroachment are still poorly understood.

It is well known, that certain applied research issues
cannot be solved solely using remote methods. The
value of NDVI obtained remotely depends on the species
composition, vegetation density and condition, exposure
and angle of inclination of the surface, the colour of the
soil under sparse vegetation. Besides, the NDVI is sensitive
to changes in the soil background when the projective
vegetation cover is below 30% (Cherepanov, Druzhinina
2009), which is typical for most of the studied areas.

Alongside general information on the condition of the
vegetation cover, it is important to have an idea about the
effect of certain plants on the transformation of surface
reflectance. Studying the spectral properties of plants
and plant communities is important for analysing the
surface radiation balance, identifying the current causes
of climate change, modelling the energy-mass exchange
processes, and solving other research problems. Another
urgent objective is estimating the contribution of invasive
plant species to the changes in the radiation balance
and microclimate structure. This data is necessary for
monitoring the state of ecosystems affected by both
anthropogenic factors and natural processes.

This work aims to examine the reflectance of plants
in Mongolia’s arid and extra-arid zone in order to study
their properties and characteristics and to analyse the
influence of their reflectance on climate processes and
the component structure of the radiation balance. The
authors analysed the reflectance of solar radiation not
only for the plants under natural conditions but also for
those affected by grazing. The analysis took into account
weather and climate characteristics, phenological states,
biotope ecology, etc. Another objective was to measure
the integrated spectra of steppe and desert communities
(averaged a certain area) for its later use in classifying
Landsat ETM and MODIS data.

METHODOLOGY AND MATERIALS PROCESSING

The fieldwork was carried out in August — September
2013, as part of a Joint Russian-Mongolian Complex
Biological Expedition (JRMCBE) — a collaboration between
the Russian Academy of Sciences and the Mongolian
Academy of Sciences. We worked during the maximum
vegetation period, therefore, we can assume that the
influence of vegetation on the surface reflectance during
this period will also the highest. The sampling sites (key
plots) included dry steppe communities in the Dundgovi
aimag (the Delgertsogt sum), mountain steppe, desert
steppe and middle desert in the Omnogovi aimag (the
Bulgan and Gurvantes sums), middle desert, true desert
and extra-arid desert in the Bayankhongor aimag (the
Shinejinst sum) of Mongolian Gobi (Table 1, Fig. 1).

The research team used ASD FieldSpec Il UV/VNIR
handheld field spectroradiometer (Malvern Instruments,
UK) to measure the intensity of solar radiation reflected
from the surface of plants in the range of 325-1075 nm
(at ultraviolet, visible, and near-infrared wavelengths). The
measurement accuracy reached +/- 1.0 nm, the resolution
-3 nm. Measurements were possible at a viewing angle of
1-25 degrees. Due to the complex geometry of plants, the
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‘ Steppe and desert ecosystems
of Mongolian Gobi

Dry steppes (short sod-forming grass

[ ] Antropogenic ecosystems and settlements 100°
[ | Salty and solonchak depression

*  Key plots for the field oservation

Share of desert steppes and desert ecosystems from the total area of Mongolia - 30,79 %

and rich in herbs)
Desertified steppes
Desert steppes (semidesert)
Middle desert

True desert

[ Extra-arid desert

Fig. 1. Location of key plots on the Distribution Map of Subzonal Vegetation of the Mongolian Gobi

(Gunin and

solar radiation reflected by plants consists of the radiation
reflected by green and non-green fractions and the radiation
transformed by plants. Thus, the level of the reflected
signal depends on the solar elevation angle, weather
conditions, phenology, the composition of plants and plant
communities, and the optical properties of plants, shoots,
and other vegetative and non-vegetative plant components.

Most measurements were performed at noon at a solar
elevation angle of 45-55 degrees, and a viewing angle of
1 degree, the solar disc was open. White calibration was
performed before each measurement. At the first stage, the
spectra of the radiation reflected both by individual species
and the unvegetated surface were measured. The integral
spectra of the steppe and desert plant communities were
measured within 30 by 30 m squares. In the first case, the
instrument was placed in a vertical position to prevent soil
reflectance at a viewing angle of 1 degree.

In the second case, the instrument was placed at an
angle of 45 degrees to the surface to measure the radiation
reflected by vegetation communities. Areal measurements
using the ‘envelope method’ were performed alongside
point ones. Within 30 by 30 m areas, measurements were
performed from one corner to the opposite and then from
the next corner to the opposite.

Saandar 2019)

During the fieldwork, 142 spectra of reflected radiation
were obtained, including 20 of steppe plant species, 65 of
desert plants species, 35 of non-vegetated open areas, and
22 of plant communities.

The reflected radiation spectra were processed as
follows: the 325-1075 nm range was divided into three parts
(Shulgin 1973) — from 325 to 380 nm (UV wavelengths), 380-
780 nm (visible wavelengths), and 780-1075 (near-infrared
wavelengths). The total reflection coefficient was calculated
for each of the three ranges. The coefficient corresponds
to the total quantity of solar energy reflected by the object
within each range, expressed as a percentage of the initial
incident solar energy or of the energy reflected from an ideal
dispersion surface of radiation within the same wavelength
range.

Thus, three total coefficients characterising the
reflectance of a certain plant or a 30*30 m area within a
relevant wavelength range were obtained for each spectrum.

RESULTS AND DISCUSSION
The analysis of the data on the reflected short-wave

solar radiation spectra in the plant communities of Gobi
shows that the amount of radiation does not only depend

Table 1. Spectra of solar radiation reflection (SRR) by vegetation community dominants in the arid and extra-arid zone of
Gobi, acquired on August 21 - September 03,2013

Date/ Subzone /plant | Coordinates, | Time /Solar A . Reflected solar radiation spectra (%)
. ) : Plant species Plant life-form
Index community Elevation, m elevation Total UV v R
Herbaceous
A. polyrhizum perennial 25 4 23 30
succulent
Control - 29 4 26 36
Dry steppe / 0nQI3
21.08.13/ [Caragana A6°0832'N | 15 051040/ | SCOrZOnera Herbaceous 25 4 | 24 | 29
. 106°30'46,9"E o divaricata perennial
MG-X leucophloea]-Allium H 1363 55.1
polyrhizum Control - 28 4 27 | 32
Arremlsl/a Her'bacgous 16 3 16 13
scoparia biennial
Control - 25 5 26 28
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Desert onN! " Krascheninnikovia True dwarf
240813/ | steppe/Stipa | 003N 4y 41004/ ceratoides shrub 15 4 17 14
. . . 103°33'34.8"E B
C-2 tianschanica+Allium H 1434 539
polyrhizum Control - 19 6 21 20
Salsola passerina succulent 15 7 17 15
, 44°14'21 2" P dwarf shrub
25.08.13/ Mlzglsieorllizefgi;;/;o/a N, 103°31 12.15-12.29/ Reaumuria True dwarf
K-12 nthemum gobicum 05.3"E 54.8 soongarica shrub 26 11 30 26
H 1081
Control - 31 12 35 30
Mountain steppe / 011'54 4" E. sinica Dwarf shrub 14 5 16 14
28.08.13/ Ephedra sinica 43 ] ! ?4'4 N 09.55-10.23/ '
o . 100°42'26 4" o
GT-1 +Ajania fruticulosa H 2093 372
+Allium polyrhizum Control ) 20 > 19 25
E.sinica (parent - 13 2 | 1|7
Mountain steppe individual)
28.08.13/ | /Ephedrasinica (in ) 10.56-1 10.12/ Krascheninnikovia | True dwarf
GT-2 the gorge close to 45.7 . 9 3 11 7
ceratoides shrub
GT-1)
Control - 18 6 23 15
_ari E. przewalskii Shrub 19 3 21 20
29.08.13/ EXt/rE;-/;/rS( C;c?;ert 437T108.1°N 11.32-11.45/ p
o Y 98°55'56.0"E ’ o H.ammodendron Shrub 26 6 30 25
U-1 ammodendron+ 49.1
.. H 1108
Ephedra przewalskii Control - 16 6 20 12
1. regelii (on
Dwarf shrub 12 6 15 9
hamada)
139999.5°N H.ammodendron Shrub 15 ; 19 .
30.08.13/ | Extra-arid desert / e T 11049-11.15/ | (0n hamada)
u-2 lljinia regelii 997070047 48.8°
yiniaregeri H 763 : Control - 14 7 18 | 10
. regelii (on gully) - 7 2 6 8
Control - 19 8 24 14
H. amquendron ) - 4 14 .
e d y 436793.0°N (vegetative plant)
rue desert °57'23.0"N,
02‘8?4‘3 3 Haloxylon 99°13'41.8"E 1 3'5;;;‘28/ H.ammodendron . 20 6 24 18
ammodendron H 1264 : (drying plant)
Control - 28 7 34 25
Zygophyllum Shrub 5 2 5 5
14°1520.8'N xanthoxylon
03.89.61 3/ A!\/\l(édlg (zeseArft//. 99°21'346'E, 10.4:(;18%.58/ Control (on ) o , 0 "
- nabasis brevifolia H 1253 : hamada)
Control (on gully) - 10 3 10 11

on the geographical coordinates of the biotope, the
absolute elevation, the phenological and physiological
characteristics of plants, the structure of the crown, the
feature of the surface, and the weather conditions but is
also species-specific. The analysis of the data presented in
table 1 (Index MG-X) suggests that, at noon, at a 4-6 tenths
cloud cover (cumulus humilis), Artemisia scoparia reflects
less shortwave solar radiation in the visible and infrared
ranges than the other species dominating the [Caragana
leucophloea]-Allium polyrhizum commmunity in a dry steppe
do.

The maximum reflected solar radiation was observed in
the visible range of 525-625 nm. The quantity of reflected
solar radiation at visible wavelengths was decreasing in
the 625-725 nm range and increasing in the near-infrared
range. In the nature of changes, the signal reflected from
the surface of Allium polyrhizum is similar to that observed in
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Artemisia scoparia. However, the magnitude of reflectance
at visible and infrared wavelengths was much higher. The
reflection of solar radiation from the soil surface, which was
used as a control, changes similarly to the reflection from
the surfaces of plants. The only difference is that, at infrared
wavelengths, the magnitude of reflection from the soil
surface is higher than that from plant surfaces.

The species of the Salsola passerina+Brachanthemum
gobicum community reflected more solar radiation at visible
wavelengths than dry steppe plants did (Tab.1, Index K-12).

The maximum reflected radiation (up to 60%) at visible
wavelengths (525-625 nm) was observed in Zygophyllum
xanthoxylon and the minimum (below 30%) in Salsola
passerina. A significant difference between these species
was detected at infrared wavelengths. Reaumuria soongarica
and Anabasis brevifolia were characterised by average
reflected radiation values.
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In an extremely arid desert (Table 1, Index U-1; U-2), the
reflected solar radiation spectrum data is mainly similar to
that of plants growing in dry steppes and desert steppes. The
maximum solar radiation reflected from plant surfaces at visible
wavelengths was detected in the aphyllous shrub Haloxylon
ammodendron, and the minimum in Ephedra przewalskii. At
near-infrared wavelengths, the situation did not differ from that
described above. The maximum infrared solar radiation was
observed in Haloxylon ammodendron and the minimum in the
shrub Calligonum mongolicum.

As it was shown above, the Gobi desert is undergoing a
rapid change in the species composition accompanied by the
expansion of the vegetation cover — both human-induced
and natural. Earlier publications have emphasised that the
expansion of vegetation communities leads to changes in the
surface temperature and increasing biotope fragmentation
(Dedkov et al. 2017). It is reasonable to assume that the
emergence of plants and the expansion of vegetated areas
will affect the reflectance, the structure of the radiation and
heat balance as well as climate processes. For this purpose,
quasi-synchronic observations were performed. They included
measuring the radiation reflected from the surfaces of plants
and the unvegetated surface (Table 1).

The data presented in table 1 suggests that the dominant
plants in different vegetation communities of Gobi reflect
much less shortwave solar radiation — both visible and infrared
- than the unvegetated surface. At visible wavelengths, in
approximately 73% of all cases, plants reflected less shortwave
solar radiation than the unvegetated surface. This difference
varied from biotope to biotope, ranging from -1 to -20% (Fig. 2).

Clustering made it possible to identify the centroids as
points and calculate the distances to all centroids. Each object
is assigned to the nearest cluster by distance. Straight lines
were used as central axes of a cluster. Objects were assigned
to a cluster based on the distance to these lines. The boundary
conditions were as follows — the root-mean-square error (RMSE)
- min within each cluster, the R-squared value (R?) > 0.6, the
total squared error = min, and the number of clusters = min.

As fig. 2 shows, based on the visible wavelengths, plants
can be divided into five groups depending on the correlation
between the total reflection coefficients of the unvegetated
surface and the plant. Groups 1, 2, and 3 comprise species
characterised by an intensity of SRR that is lower than that of
the unvegetated surface. Most of the studied plants belong to
one of these three groups. In group 1, which brings together
Haloxylon ammodendron, Salsola passerina, and lljinia regelii,
the difference between the total coefficient of plants and the
surface is very significant at visible wavelengths. In group 3,
which comprises Zygophyllum rosowii and Ephedra przewalskii,
this difference is rather negligible. Group 2 is characterised by
a moderate difference. There is a distinct boundary between
groups 1 and 2 — the distance between the nearest points
assigned to groups 1 and 2 is very significant and comparable
to the size of the clusters. An indirect indication of correct
clustering is the approximate equality of the linear trend slopes
for each cluster.

Group 4 (Haloxylon ammodendron and Stipa caucasica)
and group 5 (Haloxylon ammodendron and Zygophyllum
xanthoxylon) bring together plants that demonstrate a
higher total reflection coefficient at visible wavelengths than
the unvegetated surface. These groups are rather small in
comparison to groups 1-3.

Similar results were obtained for SRR at infrared
wavelengths. Over 72% of plants reflected infrared radiation
less intensively that the unvegetated surface did. However, the
difference between the plant surfaces and control was more
significant than in the case of visible radiation, reaching 33%
(Fig. 3).

According to fig. 3, the plants can be divided into three
groups based on the correlation between the unvegetated
surface/plant total reflection coefficients. These groups can
be described as follows. Group 1 (Allium polyrhizum, Haloxylon
ammodendron, and Salsola passerina) comprises plants, whose
reflection intensity is much lower than that of the adjacent
unvegetated area. This is the largest group. Group 2 (Haloxylon
ammodendron, lljinia regelii, and Krascheninnikovia ceratoides)
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Fig. 2. The correlation between the total reflection coefficient of plants and adjacent unvegetated areas at visible
wavelengths for 32 dominant species in different communities of Gobi. k-means clustering was performed using the
obtained data (MacQueen 1967)
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Fig. 3. The relationship between the total plants and unvegetated surface reflection coefficient at infrared wavelengths
for 32 dominant plant species in different communities of Gobi. k-means clustering of the objects was performed

is characterised by roughly equal total plant and unvegetated
surface coefficients (the difference is not more 5 %). Group 3
(Haloxylon ammodendron, Ephedra sinica, and Zygophyllum
xanthoxylon) brings together plants, whose reflection intensity
significantly exceeds that of the unvegetated surface. This
group is the smallest.

It is impossible to identify plants characteristic of a certain
group, since some of the species may belong to several
groups, which is the case for Haloxylon ammodendron. This
can be indicative of a complex interdependence between the
reflectance of plants and the adjacent surface.

The most intensive absorption of solar radiation by
plants was observed in the morning and at noon. However,
when measuring the solar radiation reflected by Haloxylon
ammodendron, Ephedra sinica and Zygophyllum xanthoxylon,
the opposite phenomenon was detected — plants reflected
more solar radiation at visible and infrared wavelengths than
the unvegetated surface. These anomalous results may be
explained by the structure of tree crowns, the phenological
and physiological state of plants, as well as the weather
conditions.

In the desert steppe of the Northern Gobi (C-1, C-2),
measurements of reflected radiation were carried out on
pasture under grazing and in enclosed areas. In the pasture
area dominated by Stipa tianschanica+Convolvulus ammannii
community, the projective cover did not exceed 10% and
the height of plants was less than 10 cm, due to the livestock
impact. In the non-pasture area dominated by a Stipa
tianschanica+Allium polyrhizum community, the projective
cover reached 15% and the plant height 15-20 cm. Vegetation
was of darker colour in the pasture and of lighter colour in the
non-pasture area. Observations were performed in clear and
windless weather in the morning on August 24, 2013.

It was found that the intensity of solar radiation reflected
from the surface was minimum in the non-pasture (enclosed)
area and maximum in the pasture (Fig. 4). The most significant
differences were observed at visible wavelengths. In the non-
pasture areas, the quantity of solar radiation at 525-625 nm
wavelengths did not exceed 20%, whereas, in the pasture
areas, it was almost twice that level. At infrared wavelengths,
SRR was more intense in the pasture than in the non-pasture
area.
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Fig. 4. Spectra of solar radiation reflectance in a desert steppe: in the non-pasture (enclosed) and pasture (under
grazing) areas (24.08.2013; 10:00-10:22 a.m.)
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This data is consistent with the measurements of
surface temperature in the pasture and enclosed areas.
Observations were performed in clear and windless
weather over 24 hours on August 24-25, 2013. The
maximum soil surface temperature was 56.4°C in the non-
pasture area and did not exceed 54°C in the pasture area.
The frequency of occurrence of temperatures above 50°C
was six in the pasture and almost 2.5 times that (15) in the
non-pasture area. Average temperatures also differed. The
average of 30 measurements reached 50.8°C in the non-
pasture area and 48.1°C in the pasture. The difference
between the soil surface temperature measured at night
and in the morning in the pasture and non-pasture areas
was negligible. The absolute minimum was observed at 7
a.m. local time (12.5°C) in the pasture on August 25, 2013.
The non-pasture absolute minimum was 13.5°C (Dedkov et
al. 2017).

Thus, it was experimentally confirmed that the
reflectance from a vegetated surface is lower than from
an unvegetated surface. The total reflection coefficient
of a large number of plants is lower than that of the
unvegetated surface at visible and infrared wavelengths.

To prove this hypothesis, the average total plant and surface
reflection coefficients (ATRC) were calculated for the considered

wavelengths (a total of 32 plants). Table 2 shows the obtained

. - I
values. The data are presented in the form X £ o, wherex = ;Zx;

i=1

n —\2
is the average value, 4 — 2= root-mean-square
! n(n—1)

error of the average value, and n the number of elements in the
sample.

The data shown in table 3 suggest that the projective
cover has increased by 3-18% in the steppe and desert
vegetation communities of Mongolian Gobi over the past
50 years. The average increase is 10%, which is comparable
to the data obtained by other researchers (Donohue et al.
2013).

CONCLUSIONS

The collected data was used to obtain a first
approximation the contribution of the vegetation cover to
the reduction in solar radiation from the day surface across
the arid territories of Central Asia. According to Petrov (1973),
the area of Central Asian desertsis 16.5 m km?. Approximately
10% of the desert area is covered with plants. The amount
of solar radiation reflected from the surface of the Gobi

Table 2. Average values of the total reflection coefficient of plants and unvegetated surfaces

Wavelengths ATRC of plants, % ATRC of surfaces, %
Visible 19.7414 250409
Infrared 20.1+1.7 24.8+15
Table 3. Multidecadal changes in the projective cover in the desert and steppe zones of the Gobi, 1972-2013
Subzone/ | Year/Total PC | Year/Total PC Plant communit Plant species Year / Total PC Year /Total PC
Index (%) (%) Y P (%) (%)
[Zygophyllum xanthoxylon, 1972 2003
Middle 1972/ 2003/ Nitraria sibirica] - .
desert / 10.2 15.8 Brachanthemum gobicum + B gobicum >0 >4
K-12 Reaumuria soongarica R. soongarica 20 19
1972 2003
Desert [Haloxylon ammodendron + R. soongarica 30 34
steppe / 1972/ 2003/ Zygophy//um xanrhoxy/on] B gobicum 08 08
o 9.0 11.8 — Reaumuria soongarica +
Brachanthemum gobicum Z xanthoxylon 13 05
H.ammodendron 0.2 1.3
1993 2013
Agfe“p”rf:'/” 1993/ 2013/ Ephedra sinica + Ajania E.sinica 70 120
CT1 15.5 18.8 fruticulosa + Allium polyrhizum A fruticulosa 18 29
A. polyrhizum 1.5 25
g 1978 1993
Extra- ari
desert/ U-1, 1978/ 1993/ Haloxylon ammodendrf)n * H. ammodendron 3.0 220
U-2 35 226 Ephedra przewalskii
E. przewalskii 0.5 0.6
1978 2013
Middle 1978/ 1993/ Anabasis brevifolia + Stipa A. brevifolia 25
desert/ U-6 32 7.6 caucasica + Allium polyrhizum A. polyrhizum 03 No data
S. caucasica 04
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THE INFLUENCE OF VEGETATION ON REFLECTED SOLAR ...

Desert in the summer months reaches 4 !\/U/mz/day (Gunin
et al. 1980). Plants reduce solar radiation reflectance by 5%.
In the absence of vegetation and under normal conditions,
the bare surface of the Central Asian deserts would reflect
66:1013 MJ/day. A 10% projective cover accounts for a 5%
change in reflectance and retains 3.3:-1011 MJ/day or 0.5%
of the total amount of energy reflected daily from the total
day surface of the Central Asian deserts. In the Gobi Desert
— given the same projective cover parameters — the amount
of plant-retained energy will amount to 3.0-1010 MJ/day.
Thus, the overgrowth of deserts by plants increases not
only the leaf surface area, projective cover, and biomass
but also the amount of solar radiation retained at the
surface, which affects the structure of the radiation and
heat balance and the air temperature. According to the
Choir, Sainshand, and Zamyn-Uud weather stations, the
temperature increased by 1.2-2.3°C in the east of the Gobi
desert over 25 years from 1989 to 2015. The projective
cover, the leaf surface area, and biomass depend on
precipitation, the amount of which differs from year to
year. It can be assumed that the amount of solar radiation
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