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ABSTRACT

The Gobi Desert and the Desert Steppe regions of the Central Asia within an
area of approximately 60% of the country’s territory of Mongolia are naturally
the main part of the grazing livestock husbandry. The natural disasters such
as drought and heavy snowfall states are often observed there. Over this
regions drought occurs on an average of once every two or three years.
Short-term operational detecting and monitoring of the natural hazards as well
as droughts over large territory will contribute to meeting requirements of the
economical development of the country. Coarse spatial resolution, high
temporal frequency satellite data from the NOAA/AVHRR based technology
and methods are widely used to monitor vegetation cover and drought
episode throughout the world. This paper presents some results of detection
of drought-affected regions by calculating the Normalized Difference
Vegetation Index (NDVI) and the Land Surface Temperature (LST) values of
the drought and wet years. The NDVI-LST space based drought indicator was
tested and by use of this indicator can be detect and operationally monitor of

drought distribution over the territory of the country.

1. INTRODUCTION

Mongolia has expansive areas (almost 90%) of natural grasslands and
current dominant industry in the agricultural sector of the country is the
nomadic livestock husbandry which is highly dependent upon the conditions
and changes in nature and the environment during the four seasons of a year.
Almost 99% of the Gobi Desert and Desert Steppe - arid and semi-arid zone
are used as natural pasture. In the above-mentioned vast Gobi Desert and
Desert Steppe area are often occur the natural disasters such as drought and
heavy snowfall states. Over this regions drought occurs on an average of
once every two or three years and the heavy snowfalls occurs every 510 6
years and once every 2 to 3 years covering half and quarter of country’s
territory, respectively (Shiirevdamba, 1998). The summer frequent droughts
and severe winter's forces are intensifying desertification in arid, semi-arid
and sub-humid areas of Mongolia. Coarse spatial resolution, high temporal
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frequency satellite data from the Advanced Very High Resolution Radiometer
(AVHRR) operated by the National Oceanic Atmospheric Administration
{NOAA) based technology and methods are widely used to monitor vegetation
cover and drought events throughout the world (Goward ef al., 1985; Walsh,
1987; Reed, 1993; Kogan, 1997; Karnieli 1999). In Mongolia, several studies
involving the use of the NOAA/AVHRR data have been published. Most of
them had concerned with determining vegetation cover study (Oyun et al.,
1994; Adyasuren and Bayarjargal, 1995). Recently, Adyasuren and
Bayarjargal (1995) mapped drought conditions of the Central Asian zone
based on the muilti-temporal Global Vegetation index data from 1982-1987
and noticed that when a drought events occur in the Mongolian Gobi Desert
zone, the Normalized Difference Vegetation Index (NDVI) values became to a
low values, 0.0-0.05 units, same as value of the extra-arid land - Taklimakan
Desert. As mentioned, previous works have introduced that the AVHRR
derived NDVI images are useful for analysing spatial vegetation pattern and
for assessing vegetation dynamics. However, from a synoptic point of view is
required to improve the vegetation cover and dynamic estimation technology
and as well as to assess drought occurrence and its overall extent in space
and time, especially in the Gobi Desert and the Steppe area of the Mongolia.

2. CLIMATE DESCRIPTION OF STUDY AREA

Mongolia is a land-locked country which covers an area of 1.5 million square
kilometers on the southernmost fringe of the Great Siberian boreatl forest and
the northernmost Central Asian deserts and vast steppes. The main
characteristics of the climate of Mongolia are sunny days, long and cold
winters. The average mean air temperature in the warmest month is 15-20°C
in the north, and 20-25°C in the south of Mongolia. In the Gobi Desert and
Steppe zones, the summer continues over 3 months. The maximum summer
air temperature can reach anywhere 35-39°C in the north and 38-41°C in the
south. The total annual precipitation in mountainous regions averages to
about 400 mm, in the steppe 150-250 mm and in the desert-steppe less than
100 mm. About 85 to 90 per cent of the precipitation falls during the three
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summer months (Shiirevdamba, 1998). The number of rainy days decreases
from north to south. The temporal and spatial distribution of precipitation in
Mongolia is variable. There is very little precipitation at the beginning of the
growing season but much more in the second half of the season when cool air
starts to spread around the country. This variation has considerable effects on
the growth of several spring plants. Summer, autumn and winter precipitation
is a source of soil moisture but it is insufficient for vegetation to thrive in this

country.

3. METHODOLOGY

In order to carry out the study, we classified the territory of Mongolia into four
dryness zones such as the humid, the sub-humid, the semi-arid and the arid
zone, by NDVI data, vegetation types and as well as according with
desertification and geobotanic maps (Kharin et. al., 2000; Shiirevdamba,
1998). The fourteen plots shown in figure 1 have been chosen which are
corresponds to the arid and semi-arid zones. Monthly total rainfall data and
monthly composite of the NDVI and LST data for the period April to
September of 1992-1995 were used. Prolonged drought, which has been
affecting arid and the semi-arid areas, as well as high land surface
temperatures which are reached in summer with June and July. The original
images from the NOAA/NASA Pathfinder AVHRR Land Data Set, which have
been monthly composite and 8 km spatial data, were derived. Prior to
analysis, the images were geometrically corrected to a master image using a
ground control points and applying a first order transformation into
Geographic Projection. The NDVI data calculated from AVHRR channel-1 and
channel-2 reflectance and the NDVI is has been shown to be highly correlated
with vegetation parameters such as green-leaf biomass and green-leaf area
and, hence, is of considerable value for vegetation discrimination (Justice et
al. 1985). The NDVI defined mathematically as NDVI=[NIR-R}/[NIR+R], where
R and NIR are the radiance or reflectances in the red and the near-infrared
spectral channels, respectively (Rouse et al. 1974). The LST computed from
AVHRR channel-4 and channel-5 brightness temperatures through the split
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window methods for land surfaces (Price, 1984; Kerr et al., 1992; Qin and
Karnieli, 1999). The LST is correlative to evapotranspiration since it is highly
controlled by the radiation received at the surface and the latent heat flux from
the surface to atmosphere. This heat loss is responsible to the LST. The
NDVI and the LST maximum value composites (MVC; Holben, 1986) were
produced from all the images available within the monthly periods for the four
study years. The MVC minimizes the effects of atmosphere, scan angle, and

cloud contamination (Lambin and Ehrlich, 1996).

In this study we were tested NDVI-LST space based drought indicators which
are developed by Karnieli (1999). Also we were developed drought monitoring
indicators based on normalization method in the NDVI-LST space of a local

area.

Drytands classification of Mongolia

iy npimtnc ey w—

Orignel mep scelo 1:10 000 000

Figure 1. Dryness zone classification of the Mongolia (based Kharin et.
al.,2000 and Shiirevdanba, 1998). Thirteen plots position are used for drought
estimation.

4. ANALYSIS AND RESULTS

The warm seasonally (from April to September) temporal analysis of the arid

and the semi-arid areas in the NDVI-LST space were performed on the NDVI
and LST data sets for the selected four years. In the summer of 1992 and in

the summer and fall of 1995 were severe droughts within the whole territory of

the Mongolia. The average summer air temperatures were 19°C and 18°C in
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the 1992 and 1995, respectively. The average total rainfalls were 52 and 76
mm in the arid area and 100 and 114 mm in the semi-arid area in the summer
of 1992 and 1995, respectively. In 1996, the worst year in Mongolian history,
altogether 417 forests and steppe fires (over 10.5 million hectare) occurred
due to dryness - as effects of sever drought which occurred in the fall of 1995.
The other two years were relatively wet years—1993 and 1994 with rainfalls
100 and 75 mm in the arid and 155 and 142 mm in the semi-arid zone,
respectively. From the warm months temporal variations of the NDVi and LST
on the some plots of the arid and semi-arid zones presented in figure 2 and it
might be noticed that the a lower NDVI and a higher LST values occurs on the
dry years and a higher NDVI and a lower LST values occur on the wet years,

respectively, on the both arid and semi-arid areas.

In order to discover any relations in the warm seasonal NDVI, LST and total
rainfall the correlation coefficients were performed in the different dryness
zones (Table 1). As can be seen from table 1, the correlations between of
those parameters vary in throughout the dryness zones. On this tabie, two
directions of warm seasonal variations of the NDVI, LST and total rainfall
values: (i} for arid zone, characterized by a both negative relations of the
NDVI with LST and rainfall, respectively and (i) for other dryness zones, a
relations of NDVI-LST and NDVI-rainfall are positive and increases from semi-
arid zone (low latitude) to humid zone (high latitude). But only the correlation
of LST and Rainfall were almost equal and positive in whole territory, during
the vegetation growing period. An interesting conclusion from table 1 and

figure 2 is that, in the whole territory, most of the temporal variability during
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the warm period in ecological characteristics depends a local condition (i.e.,

land cover type, landform, local climate, latitude).
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Figure 2. Warm months temporal variations of the NDVI and LST on the

sample

plots correspond to arid (A) and the semi-arid (B) zones.

Table 1. Correlation coefficients between the NDVI, LST and the fotal Rainfall
on the different dryness zones in the warm (April to September) seasons.

Dryness zone

Conditions Arid _ Semi-Arid Sub-Humid _ Humid
NDVIand LST| -0.10 0.35 0.36 0.50

Wet years | NDVI and
(1993, | Rainfall -0.20 0.36 0.54 0.76

1994) | LST and
Rainfall 0.75 0.61 0.51 0.59
NDVIand LST| -0.35 0.14 0.44 0.56

Drought | v and
years | painfall 0.27 0.17 0.57 0.73

(1992,

Rainfall 0.69 0.69 0.66 0.74

The most suitable method for estimate local condition in any case is

establishing a “normal” value.
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We may considered that the NDVI and LST of 1993 are used as a “normal”
years and calcuiated as:

NDVlgitterenced SINDVl1993 — NDVE/NDVl4go3

LS Taifterenced =[LST1993 — LSTi/LST 1903

where NDVlgifterenced and LST gitterenceg are subtracted values from a year of
normal precipitation -1993. NDVI, and LST; are values of any particular year.
In order to characterize the drought years, warm seasonal time trajectories of
the “differenced” two products were applied for other drought occurred and
wet years and some selected points from arid and semi-arid area illustrated in
the Figure 3. Due to moisture stress on the vegetation, NDVI/LST values
recorded in the dry years should be lower/higher than those values recorded
in a “normal” year; therefore drought occurred areas will have high/iow
NDVlitterenced / LS Taiferencea Values. Bottom part of Figure 3 shows that the
mean values and the line connected between the maximum LST gitterenced With
minimum NDVlgiterenced @nd minimum LS Tgitterenced With maximum NDVlifterenced
values. It might be seen that the drought occurred years, 1992 and 1995;
lines and mean values are very similar terms of position and angle in the both
arid and semi-arid zones. The mean value and the line — connected between
maximum and minimum values of the calculated NDV!gitterenced and

LS T aitrerenced Were used as indicators for detecting a drought event. The lines
of the drought years’ are steeper and shorter, whereas the wet (1994) years
lines are gentler and longer. The mean values of the NDVlgigerences 2nd
LSTairrerencea Of drought years’ are always located in the lower-right part of the
NDVI-LST space-system, i.e., they have a positive NDVlgierences and the
negative LSTgirerenced Value in the drought year. In the opposite, wet year’s
mean values are positioned in the upper-left part in throughout the arid and

the semi-arid zones.
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Figure 3. Warm seasonal time trajectories (upper part) of the NDVlginerenced VS.
LS T gierenced (Subtracted from1993) for drought years (1992 and 1995) and the
wet year (1994) on the sample plots correspond to arid area (A) and semi-arid
(B) zones. The lines (bottom part) connected between the maximum
LS T gitrerencea With minimum NDVlgiterencea @and minimum LS T gisrerenced With
maximum NDVlggerencea Values correspond to upper parts.

5. SUMMARY AND CONCLUSIONS

Several previous investigations have shown that the multi-temporal NOAA-
AVHRR based NDVI and LST are suitable for study a land cover classification
in Africa, climate variability in southern Sahel, deforestation of Central African
evergreen forest, and for quantify droughts in sparse vegetated area of the
Negev Desert. All of those area located in relatively low latitude when there
were drastic negative relations between those two parameters. We get such
kind of relations in the middle latitude area, such as in the Gobi Desert arid
area. But in the semi-arid area in the middle latitude we could discover
positive relations between those two parameters. Based on differenced
method we found a drought indicator — well suitable in the arid and semi-arid
area of Mongolia. Due to moisture stress on the vegetation, NDVI (LST) value

2 Midterm Report #1
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recorded in the dry years should be lower (higher) than those values recorded
in a “normal” year; therefore in drought occurred areas, drought indicator -
NDVlgitterenced (LS Tditterenced) Values will be high (low) than normal and wet
years. It is concluded that the AVHRR based NDVI and LST can provide
valuable information for drought detecting and monitoring by operationally.
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