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Mongolia is one of the severe arid to the south and with cold and mountainous
regions to the north and west. Over Gobi Desert and steppe, arid and semi—-arid regions,
often occur the natural disasters such as dust storm. This study aims to examine the
relationship between Normalized Differential Vegetation Index (NDVI) and dust storm
observations in Mongolia during 2000 to 2013. The results reveal that a correlation
between dust storm and vegetation cover reasonable negative relationship, the r-—
value was —0.5. For the analysis, we examined correlation between the precipitation
and the NDVI. Dust storm occurrence had increased with decreasing of annual
precipitation in spring. The most degraded area was southwest region of the Gobi with
the least precipitations. The distribution and transport of windblown dust in the
North-East Asia that occurred in the North East Asia from 28 March to 2 April 2012,
was investigated. Data of particulate matter less than 10 micrometers (PMiy) near the
surface and LiDAR measurements from the ground up to 18 km was used in the study. A
severe dust event originated over the southern Mongolia and northern China on March
29, and the wide—spread dust moved from the source area southeastward toward Japan
next few days. Maximum of PMj, during the dust storm event were 2 times higher in
comparison with normal atmospheric condition. Windblown dust was reaching to Japan
Islands after 2 days from the originating area. Heights of dust vertical distribution
by LiDAR measurements were with a thickness of 1 to 2 km in the lower layer of
atmosphere and getting higher to the great distances from the source areas.

In the Chapter 1 of Introduction, I study about the specific features of desert
zone and climate change in Mongolia. During the last 60 years the annual mean air
temperature has increased 1.56 ° C. The winter temperature has increased 3.61° C and
the spring-autumn temperature 1.4-1.5° C. The country s average precipitation
between 1940-1998 has increased by 6%. However, the spring precipitation decreased
by 17%. The spring dryness occurs mainly in May. The rapid increase in temperature
and considerable decrease 1in precipitation in the spring sowing period have
significant negative impacts on dust storm outbreak.

In the Chapter 2, purpose to examine the relationship between NDVI and



meteorological data in Mongolia during 2000 to 2013 in Gobi Desert, Mongolia. In all
sites, there were positive correlation between NDVI and precipitation between May to
August, 2000-2013. Dust storm occurrence had increased with decreasing of
precipitation in spring. Comparing Spring’ s NDVI and previous summer precipitation.
We assume that summer precipitation becomes the limiting factor for the vegetation
growth. The dust storm occurred during 2000-2013 are depended on precipitation of
last summer and the vegetative coverage

In the Chapter 3, focusing on spatial and temporal distribution of dust events over
Mongolia based on the results of previous research. We examined the association
maximum duration day of dust storms occurred in March from 2000 to 2014 in Gobi,
Mongolia. Maximum duration day of dust storm was observed at 12.04 hour from March
29-30, 2012 in Zamyn—Uud station.

In the Chapter 4, purpose to investigate the effects of long—distance transport
from dust events occurring in Mongolia by cross—examining the elevated level of
particulate matter in neighboring countries. An Asian dust event occurring from 28
March to 2 April, 2012 was analyzed by ground observations of PMj,, dust vertical
spread by AD-Net LiDAR measurements and dust transport by air mass trajectories using
the NOAA HYSPLIT model. The main results shown:

a). Climatological data of dusty days show that the number of dusty days at only
Zamyn-Uud, Mongolia has an increasing trend; b). A low—pressure system and its cold
front resulted in strong winds that transported dust from the source area across
Northeast Asia at the end of March and the beginning of April, 2012 (see Figure 1).
The dust storm also created an increase in PMjy particles in the dust source area as
well as in the downwind areas. Dust concentration of PMjy near the surface is higher
in the source areas of the Gobi Desert in Mongolia and China and less in the downwind
areas during transport such as in Korea and Japan; c¢). LiDAR measurements showed that
dust vertical diffusion in the atmosphere is lower in the source area during the dust
storm period and increases in the downwind areas especially when transported across
far distances (see Figure 2). The trajectories of air mass confirmed that dust can
be transported from the dust source areas in Mongolia and China to the Korean Peninsula
and Japan (see Figure 3).

In the Chapter 5, shown the previous study result of ecosystem regime shifting of
Mongolian plateau. According to the major theoretical finding when it comes to regime
shifts is that ecosystems recover slowly from small perturbations in the vicinity of

tipping points. The provided water condition such as rainfall is one of the most
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important factors for vegetation especially in arid regions.

Chapter 6 shows main conclusion of precipitation was a determinant of vegetation
productivity in arid regions and a driving force for ecosystem change. The frequency
of dust storms is increasing in the spring when annual average precipitation 1is
decreasing, and it is found that the occurrence of dust storms in spring is highly
dependent on the summer precipitation in the previous year. In the Gobi Desert, where
dust storms occur, the frequency of dust storms increases as the wind speed increases,
and critical wind speed is 6.5 m/s (a constant threshold. It was also confirmed that
the dust storm generated in the Gobi Desert reached the Japan in just two days via

Seoul in northern China, and the PMjy concentration reached more than twice the normal

level.
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Figure 1. Sea level pressure (hPa) by contour and 10-m wind vectors using
the ERA-Interim from 00:00 to 18:00 UTC on (a) 28 March 2012 over
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Figure 2. The Mie LiDAR extinction coefficients of non—spherical aerosol (dust) and
spherical aerosol in Sainshand (a), Seoul (b), Hedo (c¢) from 28 March to 2 April,
2012 (Note: Time (UTC) in the horizontalaxis and height in the vertical axis. The
black circles indicate suspected dust observation).
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Figure 3. Forward and backward air mass trajectories using the NOAA HYSPLIT model:
a) forward from Zamyn—Uud, Mongolia, b) backward from Hohhot, China, c¢) backward from
Seoul, Korea d) backward from Hedo, Japan.
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