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Introduction

Increase temperatures and decrease rainfall can lead to the drying up of wetlands, lakes and rivers,
the formation of aerosol centers, which directly and indirectly change the structure of society and
the ecological conditions of lakes around the world; As a result, it leads to changes in the
distribution of animal and plant species, ecological diversity, changes in the plant phonological
cycle, factors, growth and organisms, and ecological metabolism. These changes also severely
affect vegetation in arid and semi-arid climates. Finally, changes in surface conditions caused by
human activities may also affect various hydrological processes. Thus, the twenty-first century is
facing many environmental problems, one of the most important of which is the variability of
environmental and climatic parameters. Lake Urmia is one of the most important water areas in
Iran and one of the largest salt lakes on earth. The lake plays an important role in the climatic,
environmental and economic situation and a national and international natural heritage in the
northwest of Iran.

variability of environmental and climatic parameters is one of the most important challenges for
human specific in arid and semiarid environment such as Iran. The purpose of this study is to
investigate the changes in environmental and climatic parameters in the catchment of Lake Urmia
in the last two decades. The purpose of the above was to answer the question of how the changes
in environmental and climatic parameters in the basin and the relationship between these changes
in the current conditions of the basin Lake Urmia.

Data and methods

Research data includes six categories: 1) TOPEX and Jason 1 to 3 satellites data to study of
changes in altitude level of Lake Urmia, 2) Landsat 7 satellite images of 2000 and Landsat 8 of
2019 for extract lake water area changes and 3) Precipitation data from GPM[1] satellite product
(IMERGI[2]) 4) Vegetation index products of Modis sensor (Mod13A3 v006) to identify vegetation
changes, 5) LST Night and daytime of Modis sensor (MOD11A2 v006) and finally 6) gridded
reanalysis data (ERADS) to detect of trend air temperature, were used.

First, the changes in the water level of the lake were extracted using the data of TOPEX and Jason
1 to 3 satellites, and in the next step, the trend of changes in its was calculated. Landsat 7 images
of 2000 and Landsat 8 of 2019 using the Normalized Differential Water Index (MNDW!I) were
used to achieve changes in the lake's water area. Then LST (day and night) of MOD11A2 v006
products were converted into monthly data using MATLAB software. Finally, the trend changes
in precipitation data, 2 m air temperature, LST (day and night) and vegetation (NDVI) were
investigated using Mann-Kendall test (Mann, 1945; Kendall, 1975).



Results

The highest changes in water level in the last two decades are from 2000 to 2010. The decrease in
level is evident from the year 2000, from that year to 2010, the water level of the lake decreased
by 4 meters and the highest slope of the decrease in it observed in the same period. The change in
the area obtained from the MNDWI index is 2740 km2, which has caused the lake to decrease
from 5143km2 to 2400km2 in 2019. The decrease of the lake level in its southern and eastern part
has been more than the western and northern part. The trend of monthly precipitation changes
shows two different temporal and spatial patterns. It is important to note that there is a monthly
decreasing trend every three months in January, August and December in the central and southern
parts of the basin. In contrast, in May and July, a marked increasing trend is observed in the eastern
and southern half of the basin. Spatial displacement of incremental changes in air temperature
indicates a clockwise movement from north to east and then south and west from May to August.
The trend of day of the LST changes indicates a spatial contrast between the Lake and around it.
This behavioral contradiction is more pronounced with the increase of the lake surface temperature
and the decreasing trend in the southern and western regions corresponding to the agricultural
areas in August, September and October. Changes in LST at the basin level from November to
February, in which scattered and small incremental zones are observed, can also be due to reduced
vegetation in the cold period of the year. In contrast to the daytime LST, at night what is most
noticeable is large zones of temperature rise, especially from June to September throughout the
basin. NDVI in the period 2019-2000 has had an increasing trend in all months, but with varying
intensity and extent. Three temporal patterns are understandable in the process of basin vegetation
change. Increased from January to May, then start decreasing trend from June to August and again
increasing trend that continued until December. The lowest increasing trend is observed during the
summer months from June to August.

Discussion

Lake Urmia has experienced a continuous decrease in water level since 2000, so that during the
last twenty years, the water level has decreased by more than seven meters. The results of the
present study also showed that there was a significant increasing trend in the NDVI index at the
basin, especially with the southern of the basin. However, at the basin level, the trend of rainfall
changes in this period (2000-2000) is not generally significant and also due to the occurrence of
numerous droughts in the basin, which has also had an increasing trend and the expansion of
irrigated lands, Demand for groundwater has increased. Therefore, this issue indicates various
reasons other than changes in climatic parameters, especially precipitation in reducing the water
level of Lake Urmia. In addition to the above, daytime and nighttime LST have increased during
the warm period of the year as well as the air temperature on the lake. This increase increment
evaporation, especially during periods when recharge is reduced due to seasonal dry. Although
precipitation has increased at the end of spring, but with increasing temperature, precipitation
increases with increasing evapotranspiration and water requirement of plants is neutralized.
Therefore, the simultaneous change of environmental and atmospheric parameters can be
considered as aggravating the conditions of hazardous events in this basin.

Conclusion

Based on the evaluation done in this study, it can be concluded that the basin of Lake Urmia is
vulnerable. Therefore, the three main and significant effects of environmental variability in these
areas are increasing ground temperature, vegetation and reducing water resources. The result of
these conditions on the one hand and the increase of water needs of plants on the other hand will



increase the stress on water resources, especially groundwater. Decreasing the lake surface and
increasing consumption and reducing water resources can lead to the spread of bare surfaces and
the occurrence of dust.
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