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Introduction

June 17", 2014 was the twentieth World Day to Combat Desertification and Drought,
when the experts being from Russia, Uzbekistan, Iran, Nigeria and China attended the
“Third International Specialty conference on Science and Technology for Desertification con-
trol” in Beijing. The conference set four issues including “Understanding of desertification”,
“Regional problem of desertification”, “Pastoral and desertification,” and “Combat Desertifi-
cation” to research and discuss, aimed at the prevention of desertification perspective to un-
derstand desertification, and guide action . Experts proposed to build a project to combat de-
sertification in Central Asia together with the Shanghai Cooperation Organization country
members jointly, and wrote an advice report to the Zhongnanhai.

After the meeting, we selected the main papers of participants to publish this antholo-
gy, including 5 greeting materials for the conference opening ceremony, 16 research papers,
2 abstracts, together with the full text of “jointing Shanghai Cooperation Organization coun-
try members to build a project to combat desertification in Central Asia—the third Interna-
tional Science and Technology Conference to Combat Desertification recommendation re-
port”.

How to understand the problem of desertification correctly, the Professor Shurun Liu as
a grassland ecologist, pointed out that the problem of human-caused and natural desertifica-
tion should be discussed separately, human-caused desertification is the real desertification,
its essence was diversity loss; however, the simplistic, extreme and anti-traditional culture
of thought was the most horrible. Huailong Song’s results showed that the formation of
great salt desert because of the drought in the ancient Mediterranean region resulted in the
formation of the Sahara desert and the Arabian Peninsula desert directly. Salt desert and sa-
line (mixed) dust storms had played an important role on Earth Evolution, changes in the
global environment, the world’s major desert landscape and the evolution of the birth and
life, especially in terms of formation of hominids.

The regional desertification research covered a wide scope. The Corresponding Member
of the Russian Academy of Sciences, A. K. Tulokhonov together with his colleagues studied
the part of the alliance from Mongolia arid climatic zones in remote sensing and GIS technolo-
gy based on the normalized difference vegetation index (NDVI), and the results showed that
the vegetation degradation of the area expanded badly in recent years, should be strength-
ened grazing and scientific management. Director of the Siberian Branch of the Russian Acad-

emy of Baikal Resources Management Institute, Endon Zh, Garmaev made a cautious conclu-
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sion that a significant change of the volume of river runoff of the Baikal basin, therefore, a
tributary to the lake itself, is not expected by the middle of the XXI century. Enkh Amgalan
being from the Mongolian Academy of Sciences Institute of Geography reported that the ag-
gravation of ecosystem instability, climate anomalies, storms and drought disaster, had an
adverse impact on mining and agriculture, exacerbated desertification and grassland degrada-
tion, and led to a series of social problems in Mongolia. Juanle Wang and Qing Liu using the
latest research data of land use and cover in 1990 and 2010 analyzed spatial and temporal dis-
tribution of desertification in Mongolia and the region desertification development character-
istics between 1990 and 2010 with the grid computing method, their results showed that
Mongolia had a rapid growth of urban area, a rapid change of land, a large number of forest
and grassland broken, a significant increase in the area of bare ground, while some bare land
degraded to sand nearly two decades.

D. A. Darbalaeva of the Siberian Branch of the Russian Academy of Baikal Resources
Management Institute showed that Mongolia Orkhon alliance’s standard of living was higher
than that of other alliance, its desertification was such increased that its ecological and
economic situation was not optimistic. Professor Naiping Song indicated that the Vegetation
Index (NDVD) in Yanchi county significantly improved nearly a decade, and the ecological
engineering restoration of vegetation was remarkable, but the key to the sustainability of the
vegetation still need to deal with the relationship between climate bearing capacity and adapt-
ability. Dr Fangmiao Chen et al. results showed that the human factor is the dominant factor
to cause the desertification problem of Xinjiang, suggested to understand the meaning of
combat desertification from a strategic height, according to the different characteristics of
southern, northern, eastern Xinjiang, took the prevention-, control both route relying on sci-
ence and technology, cooperated with the Shanghai Cooperation Organization actively to
combat desertification, concerned the interests of local people, and deal with the state, en-
terprises, the public interest relationship.

Pastoral is a sensitive area for desertification, the effect of its mode of production and
economic policy are one of the academic debate focuses in recent years. Professor Dalintai and
Yisheng Zheng research results showed that the conclusion that “universal overgrazing” was
in the Inner Mongolia steppe was based on an incorrect methodology, the error stemmed
from the otherwise applicable to rely on natural grassland livestock carrying capacity the con-
cept rigidly applied in those “not totally dependent on the grass” the animal bodies. Obvious-
ly, it ignored the tremendous of production pattern changes occurred on grassland livestock
in the past decades. The conclusion of overgrazing had a great impact on policy. For exam-
ple, not a detailed analysis of the relationship between the number of livestock and grassland
area of the characteristics of different regions, it was difficult to produce measures to local
conditions. Professor Qinglu Li conducted an investigation in two villages of Wengniute Ban-
ner and a village of Horqin Left Back Banner where is a typical residential area of grassland

ecological migrants in the region of Horqin Sandy, and found that the real reason for prairie
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grassland degradation and desertification was the dissolution of the nomadic group, double-
contractors as well as livestock reclamation, came up with strategies to combat desertifica-
tion, and proposed to remove the fence in Horgin sandy region, to merge the whole village
pasture and herd even across the village, to turn farmland to husbandry.

In the management of desertification aspect, Professor Xia Hu et al. pointed out that we
ignored the importance of the environmental education in our country combating the desertifi-
cation, our environmental education emphasized on theory more. Meanwhile, they thought
that our legislative session was weak, as well as a proper way to solve the radical environ-
mental problems including desertification was the environmental education improvement,
they also introduced a successful experience from Jen Yodogawa in this field.
O. S. Abduraimov briefly described the distribution of a tulip seed production in Kyzylkum
desert. Dr J. Karshibaev noted that seed propagation and vegetative propagation combination
so that it has the advantage of adaptation to drought in some perennial species. Yanmin Fan
and Lijun Zhu introduced the operating mechanism of Environmental Protection Volunteers
Association to combat desertification in Tongyu county, said that we could achieve sustain-
able development in desertification area through ecological restoration, environmental educa-
tion, and comprehensive construction of sustainable agriculture and the construction of a har-
monious community. Professor Yuegao Hu et al. established a “pyramid” control desertifica-
tion project model using systems scientific theories and engineering approach and proposed
systems engineering solutions to combat desertification on this basis.

This conference not only concluded the definition of desertification, the formation of de-
sertification as well as hot desert area in-depth discussions, but also we obtained a new
breakthrough for desertification prévention study especially. Meetings and the publication of
proceedings has been supported by Mr. Shu Liu, ex-vice chairman of the China Association
for Science, Mr. Yutang Li, chairman of China Systems Engineering Society of Professional
Committee of grass industry and other seniors, Mr. Jianhong, director of Chinese Founda-
tion for Desertification Control, school leaders from College of Agronomy and Biotechnology
of China Agricultural University, Mr. Takehiko Hobo, Professor of Japanese Shimane Uni-
versity, sent a congratulatory letter to the meeting. Ruirui Zhang, editor of Meteorological
Press, provided assistance for the writing and publishing of anthology. Many teachers and
students from College of Agronomy and Biotechnology, China Agricultural University and
the China Research Center to Combat Desertification involved in the compilation of this an-

thology, finishing work. We express our gratitude to all together.

China Center for the Management and Prevention of Desertification
2014. 10
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Spatio-Temporal Dynamics
of Vegetation Cover on the Baikal-Gobi
Meridional Transect on the Basis of
Time Series Ndvi and Field Investigations

B Z Tsydypov! A K Tulokhonov!
E Zh Garmaev! E A Batotsyrenov'
A A Ayurzhanaev' Zh B Alymbaeva' Ts Chimeddorj?

(1. Baikal Institute of Nature Management of SB RAS, Ulan-Ude, Russia;
2. Mongolian State University of Agriculture, Ulaanbaatar, Mongolia)

Abstract; Model polygons located in dry subhumid, semiarid, arid and extra-arid climactic zones in
Russia and Mongolia were considered for the investigation of vegetation dynamics. For these poly-
gons plots of the NDVI temporal variation and NDVI maps of its spatio-temporal dynamics on the
basis of Landsat TM imagery were constructed. The full-scale landscape indication of the selected
NDVT areas was conducted. This indication is supported by the analysis of vegetation by environ-
mental groups for drought resistance. The vegetation digression during this period is traced across
almost the entire territory of the selected polygons.

Keywords: desertification; vegetation degradation; dry subhumid; semiarid arid extra-arid; climactic

zones; Landsat; NDVI;landscape indication; euxerophytes

Introduction

Over 85% of the Mongolian territory is located in dry climatic zones: dry subhumid,semiarid,
arid,and extra-arid. According to the definition established by the United Nations Convention to
Combat Desertification (1994) ,the degradation of land in these climatic zones results from desertifi-
cation. While developing,the processes of desertification subsequently affect and damage the follow-
ing geosystem’s components: vegetation,soils and underlying rocks,and forms of the landscape. The
vegetation is the first to be affected by desertification !, so we are going to focus on studying its
changes as a result of this degradation phenomenon.

The aim of this work is to reveal and analyze changes in the vegetation cover of Russian

and Mongolian dry climatic zones,using a variety of field and remote sensing studies.
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Materials and Methods

Territory of study. Over the years of working on the project “Development of desertifica-
tion complex indication system for modern Siberian and Central Asian ecosystems and moni-
toring system evaluation”under the Program of fundamental scientific research,Presidium of
Russian Academy of Sciences (2008—2013), a number of model monitoring polygons has
been established in different latitudinal zones of the Mongolian territory according to the lon-
gitudinal transect (105°E~107°E,51°N~44°N). These polygons include a wide range of ter-
ritories with dry climatic conditions. This work revealed the main factors,agents,and trends
of development for desertification processes in different climatic zones. Two model polygons
were considered in Central Mongolia: (1) the Kharaa River downstream basin and the Orkhon
River right feeder (territory of the Selenge and Darkhan-Uul aimags) ; (2) the central part of
Dundgovi aimag (Mid-Gobi). The first polygon is situated in a semiarid climatic zone with
grassland and bunchgrass steppes. The second is located in an arid climatic zone; from botan-
ical and geographical points of view,its main feature is the prevalence of desertified steppes.
To study biophysical parameters of vegetation,using the normalized difference vegetation in-
dex NDVI, three main areas were chosen: two of them are situated on the territory of
Kharaagol, monitoring the model polygon,and the third one is in the Mid-Goby polygon.

Study period. The temporal dynamics of the vegetation was estimated using archive geo-
portal data of the Russian Space Research Institute, Russian Academy of Sciences (IKI RAS)
for the period of 2001—2013. NDVTI areas were mapped with satellite images for the first half
of September for a 20-year period from 1990 to 2011. The selection of the study period is ex-
plained by the availability of the Remote Sensing data. )

Landsat multispectral data. Necessary multispectral images made by the spectroradiome-
ter TM of the Landsat-5 satellite were downloaded from the geoportal of the US Geological
Survey, using GloVis search Chttp://glovis. usgs. gov) for the selected polygons (for
Kharaagol polygon path=132,row=26; for Mid-Goby polygon path=131,row=28). The
spatial resolution of images was 30 meters per pixel. All images must be done with a com-
pletely cloudless sky (0%) ,be of high quality (Qlty=9) ,and have a sufficient level of image
preparation (level L1T,ortho transformation,radiometric,and atmospheric corrections).

Digital elevation model (DEM) SRTM. Height radar data of the DEM SRTM (Shuttle Radar
Topography Mission) were downloaded from the FTP-server of the U S Geological Survey. To con-
duct relief morphometric analysis,a number of the corresponding morphometric maps were estab-
lished and analyzed (along with the data of field observations) : hypsometry, slopes,and aspects. Al-
so, topographic modeling of three-dimensional images was conducted.

Normalized Difference Vegetation Index. Over the last decades, remote sensing methods,
especially satellites, have provided opportunities to organize immediate vegetation monito-

ring. Of particular importance in the establishment of a system of remote sensing monitoring
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is the possibility of organizing completely automated satellite data processing. Over the last
years,such technologies were actively being established and developed in IKI RAS. They al-
lowed the creation and actualization of the archive of constant satellite observations on the
territory of Russia and adjoining states for the period from 2000 until the present'”’, The Bai-
kal Institute of Nature Management SB RAS and IKI RAS conduct collaborations in the area
of using informational technologies and remote sensing methods to solve scientific problems
of monitoring the state and dynamics of vegetation cover. The basis of automatized technolo-
gies established by IKI RAS is the analysis of the temporal variation of the Normalized
Difference Vegetation Index (NDVI)"®, The NDVI is based on the analysis of differences in
the chlorophyll reflection on red and near infrared zones of the electromagnetic spectrum,and
it gives a numeric value for characteristics and estimates of the spatial variation of vegetation
cover biophysical parameters.

While identifying vegetation species, Mongolian®! and Buryatian™' key to identification

of plants were used.

Results and Discussion

Dry subhumid climatic zone, Results of field investigations on model and key sites in the Russian
part of the intermountain hollows of the Selenga river basin indicate that in general there is a tend-
ency to reduce the development of processes of land degradation and desertification. Primarily, this is
due to the reduction of agricultural exposure to landscapes connected with the withdrawal of many
unproductive lands. Most clearly this trend occurs within the dry subhumid climatic zone. On fallow
lands braked 10~20 years ago is an active reforestation of pine natural habitats (Pinus sylvestris).
These habitats existed here before plowing and forest clearance. This process takes place in the for-
est-steppe zone and helps reduce aridization of hollow geosystems. At many sites of dry subhumid
climatic zone that were active 7~8 years ago erosion and aeolian landforms is regrown.

Semiarid climatic zone. Among the desertification types discovered by FAO-UNEP ™" on
the greater part of the Selenga River basin, especially in its Mongolian part, the vegetation
cover degradation is the most widely spread. It is revealed in structural changes of the steppe,
forest steppe, and pasture phytocenosis, the successions of their species by synanthropic
ones,and decreased projective cover and grass height 1, In places with the highest develop-
ment of degradation and land desertification processes caused by poorly populated pine Pinus
sylvestris L. and drought resistant elms Ulmus pumila L. in the Kharaagol sandy area (abso-
lute height values of 735-815 m).

According to the scheme of the landscape and the ecological district division™ located in the
central part of the Selenge River basin, the Kharaagol model polygon is situated in an area of high
ecological intensity,caused by both natural and anthropogenic factors. Let us consider the key site of
19. 16 km’® situated in the northern part of the Kharaagol polygon,3 km southeast of the Darkhan
city. The biggest part of this site,located on the separated slopes of low hill terrain of the Orkhon-
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Kharaagol interfluve (maximal height marks are 810 ~870 m), has steppe caragana-cereal-fringed
sagebrush (Artemisia frigida-Leymus chinesis-Caragana microphylla) vegetation. As geobotanical
studies have shown, the small-leaved caragana Caragana microphylla (Pall.) Lam. dominates in the
projective vegetation cover (17 % ~20% ). Fringed sagebrush,Artemisia frigida Willd. is also wide-
ly spread,as well as Chinese wild rye Leymus chinensis (Trin.) Tzvelev, etc. Most of the land is
used as pasture.

Using access to the satellite monitoring service { Vega) to monitor the vegetation condi-
tion,average NDVI curves were built for the Kharaagol key site for the first 13 years of the
twenty-first century'®. Some nonuniformity of the NDVI distribution was observed through-
out the years,caused by different climate conditions. It should be pointed out that in 2007,
2008 and 2012, the NDVI values were rather high,0. 6, which is related to the higher values
of temperature and moisture regime during the summer months of these years (the service
{Vega) allows to carry out the joint analysis of NDVI and meteorological parameters). The
average summer value of the NDVI in 2011 was 0. 45 for this site, which proves sparse vege-

tation during this year (Fig. 1).
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Fig.1 Variations of averaged NDVTI on 2001—2013 for the north
area of the Kharaagol polygon. The upper-right inserted image is the
scheme of the site; the upper left inserted image is a 3D-view on the base of DEM SRTM

NDVI indices were calculated and visualized for the territory of the key site, based on
Landsat TM multispectral space images made for September data of a 20-year difference:
1990 and 2010 (Fig.2). Images were processed with the program complex ENVI v. 4.7
(www. ittvis. com/ENVI) ,which is well known as a full-functional solution for the visualiza-
tion, processing,and analysis of remote sensing data. There are two channels of TM spectro-
radiometer: channel 3 is red, channel 4 is near infrared. While conducting field measure-

ments, GPS-tracks were prepared for the site’s borders, which were later converted into vec-
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tor shape files,functioning as a mask for marking the borders of the sites. The NDVI areal

mapping with a 0. 1 pitch was conducted only within the limits of marked closed polygons.
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Fig.2 NDVI maps for the north area of the Kharaagol polygon:
a) processed image Landsat TM for September 17,1990; b) September 8,2010

Comparing the NDVI images, there is a digression of vegetation conditioned mainly by a
high pasture load. In September of 1990, most of the site (53 %) had 0. 3~0. 4 NDVI values,
while in September of 2010,86% of its area was 0. 2~0. 3 (Table 1).

In the field expedition studies of 2011 — 2013, the in-situ landscape indication of NDVI

areas with different values was conducted. The natural and anthropogenic factors of the dynamics

Table 1 Classification on NDVI graduation for the north area of the Kharaagol polygon

September 17,1990 September 8,2010
NDVI
Area, km? Area, % Area, km?® Area, %
0.0~0.1 0. 00 0 0.01 0
0.1~0.2 0. 12 1 1. 58 8
0.2~0.3 5. 44 28 16. 45 86
0.3~0.4 10. 19 53 1.12 6
0.4~0.5 3.30 17 0.01 0
0.5~0.6 0.12 1 0. 00 0

Total: 19.16 100 19. 16 100




