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Abstract

Precipitation is including of every rainfall. Level of rainfall is 240 ml in Iran and average of rainfall is 860
ml in the world. For evaluation of precipitation by remote sensing data, TRMM (Tropical Rainfall Measuring
Mission) was used. The goals of these picture are measurement of precipitation and energy in tropical and
subtropical regions of the world. The aim of this research is evaluation of precipitation trends in Central
Plateau of Iran and habitats of Gazella bennettii. This aim was done by remote sensing data and time series.
Using the data for evaluation of precipitation is related to daily pictures of TRMM 3B42 during 2002 to
2018. For this purpose, significance of Mann Kendall and Linear correlation were used for SUM monthly
and annual parameters. Analyses show the similarity between two significant methods. The result indicates
that in Central Plateau of Iran, there are increasing of significant in Qom, some parts of Semnan and Yazd
provinces. Decreasing significant for SUM annual parameter was shown in Khorasan-e Razavi and Semnan.
For SUM monthly parameter, there was not any significant reduction. In habitats of Gazella bennettii, there
was not any significance including increasing or decreasing for two parameters. Research indicate the low
and irregular rainfall in arid areas. Current research approved this result too.

Key words: Remote sensing, TRMM, Significant of Mann-Kendall, Significant of Linear Correlation, Time
series.
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Introduction

Rainfall is considered as one of the complex and vital elements of the Earth's atmosphere, and its temporal
and spatial variations can control the environmental characteristics of each geographical region. Therefore,
rainfall can be considered as the most important meteorological phenomenon and one of the essential
climatic elements. Research sources indicate that rainfall has various practical aspects, such as weather
prediction, environmental impact, hydrology, agriculture, watershed management, flood probability
estimation, and even climate change assessment worldwide. The direct impact of global warming on
precipitation levels is evident, with studies showing a correlation between precipitation and drought. The
increase in temperature leads to more evaporation, resulting in surface dryness and an increase in the
intensity and duration of drought. Various types of storms, such as thunderstorms, extratropical rain,
snowstorms, and tropical storms, create more intense rainfall with increased humidity. Changes in wind
patterns do not significantly alter rainfall patterns but can lead to drying in arid regions and increased
moisture in moderate to high geographical latitudes.

Rainfall is a crucial parameter in the hydrological cycle, playing a significant role in hydro-meteorological
and agricultural studies. Understanding the temporal and spatial diversity in rainfall time series is essential
for scientific, practical, and water resource management purposes. Given the high variability of rainfall in
space and time and the inability to provide high-resolution spatial rainfall data using rain gauge stations, the
use of remote sensing techniques is of great importance. Satellite imagery with high spatial resolution is
recommended for this purpose.

Rainfall is considered as one of the most important variables in the watershed, and therefore, remote sensing
data on rainfall in Iran, where the largest extent consists of dry and semi-dry areas, is essential. In recent
decades, the use of satellite data and remote sensing techniques for meteorological research has become
prevalent. Remote sensing technology and geographic information systems are suitable tools for filling the
information gap and evaluating areas facing statistical data scarcity. However, the temporal and spatial
accuracy of these data needs to be evaluated before use.

The TRMM satellite, with its high spatial and temporal resolution, provides valuable information on global
precipitation estimation. It was launched to measure oceanic and tropical rainfall and its impact on global
climate using microwave imaging, radar, and infrared and visible scanners. The TRMM satellite orbits the
Earth several times a day, collecting necessary information.

The Gazella bennettii, a species of gazelle in Iran, is considered as an endangered species. The impact of
climate change on the habitat of this species has been overlooked, despite human interventions, land use
changes, and climate change posing significant challenges to biodiversity conservation. The current
population of this species is estimated at 2818, with scattered populations in 32 protected areas in Iran. The
study of time series data falls into two general categories: static and non-static models. Remote sensing has
wide applications in various fields related to spatial information, including geological studies, agriculture,
climate studies, environmental pollution, and biodiversity studies.

The aim of this research is to evaluate and investigate the trend of changes in rainfall in the central plateau of
Iran and the habitats of Gazella bennettii using remote sensing data and time series analysis from 2002 to
2018.

Methodology

The central plateau of Iran is bordered by the Zagros mountain range to the northwest and west, and by the
Alborz mountains to the north, with dry lowlands located to its south. Iran covers an area of one million six
hundred and fifty thousand square kilometers, situated between 44 to 63 degrees longitude and 25 to 39
degrees latitude in the northern hemisphere (southwest Asia). The present-day land of Iran encompasses
approximately 62% of the area of the Great Iranian Plateau (the land of ancient Iran), which is two million
six hundred and fifty thousand square kilometers in total. Generally, the average annual precipitation on the
Iranian plateau ranges between 210 to 230 millimeters, which is less than one-third of the global average
annual rainfall (approximately 700 millimeters). The distribution of rainfall is unfavorable, with the majority
of it occurring in the narrow northern strip of Iran, covering about ten percent of the country's total area,
while the rest of the rainfall is distributed to the peripheral and mountainous regions of the plateau, such as
Azerbaijan, Kurdistan, Kermanshah, Fars, and parts of the mountains of Khorasan.
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The TRMM precipitation data was used in this study, which includes daily precipitation data. The TRMM
satellite, with an orbit at an altitude of approximately 403 kilometers and an inclination of 35 degrees relative
to the equatorial orbit, is equipped with five different sensors, including three microwave imagers, a
precipitation radar, and an infrared and visible scanner.

The trend of precipitation can be examined using TRMM images, which are available on a daily basis. The
trend of rainfall changes during the years 2002 to 2018 was calculated using the Mann-Kendall method and
linear correlation for the sum of monthly and annual rainfall, so that first, daily images were prepared to
check the precipitation from 2002 to 2018; Then these images were converted into a usable format by the
software. In the next step, time series construction was done.

To construct the time series, the earth trend modeler section was used. The time series was constructed on a
daily basis. After creating the time series, various analyzes were performed in the pre-processing section and
then aggregate series, and different images were created according to the time series. The images prepared in
this research were monthly rainfall totals and annual rainfall totals. After creating these images, various
analyzes were performed for these images. The analyzes performed in this research were Mann-Kendall and
linear correlation. By using these analyses, the areas with significant increase and decrease were found. The
presence points of Gazella bennettii, which were initially available in the Excel file, have been converted
into point shape file format in order to determine in which provinces the presence of Gazella bennettii
species is located. These points of presence of Gazella bennettii have emerged through continuous field visits
in the study area and after observing the species and by recording with GPS. It is necessary to pay attention
to the geographical coordinates of the investigated points. These points are in places such as: 1- Siah Kouh
National Park located in Isfahan and Yazd provinces 2- Yakhab wildlife sanctuary in Isfahan province 3-
Bafaq and Ariz protected areas in Yazd province 4- Bahabad wildlife sanctuary located in Yazd province 5 -
Naybandan Wildlife Sanctuary in South Khorasan Province, 6- Raver Wildlife Sanctuary in Kerman, 7- Dare
Anjir Wildlife Sanctuary in Yazd Province, 8- Boroiye Wildlife Sanctuary in Yazd Province, 9- Abbas Abad
Wildlife Sanctuary in Isfahan Province. In order to remove the banding effect in the images, the inverse
principal component analysis method was used. The Mann-Kendall test is suitable for detecting trends in
hydrological time series, especially for unbalanced and missing data. The primary assumption of most trend
analysis studies using the Mann-Kendall test is that the data are independent and randomly ordered. The
Mann-Kendall test was initially proposed by Mann in 1945 and further developed by Kendall in 1975. The
significance of the Mann-Kendall test was examined at the 1% level. Linear correlation is a natural measure
of association for bivariate elliptically distributed variables and is known to have a multivariate normal
distribution. The linear correlation test was conducted for monthly and annual images, and the results were
compared with those of the Mann-Kendall test. The results obtained from both methods were found to be
quite similar.

Results and Discussion

In the current study, the most suitable product for the precipitation time series is the daily precipitation
images. The precipitation images used in this study are the daily TRMM (Tropical Rainfall Measuring
Mission) images, which are used on a daily basis. TRMM is the first satellite responsible for measuring the
structure, rate, and distribution of tropical and subtropical precipitation, using a combination of microwave
and radar sensors.

A significant increase was observed in Qom, some parts of Semnan and Yazd provinces. A significant
decrease in linear correlation was also observed in parts of Khorasan Razavi and Semnan provinces. Other
parts of the provinces did not show a significant trend. The similarity between the significance of linear
correlation and Mann Kendall’s significance was very high.

First, the point shape file of Gazella bennettii's presence points was determined. In the next step, the point
shape file of Gazella bennettii's presence points is converted into a polygon shape file.

No significant increase or decrease in monthly and annual precipitation totals was observed in the study area
of the Gazella bennettii presence. Therefore, precipitation did not have a significant impact on the
distribution of the Gazella bennettii presence.

The majority of Iran is located in dry areas. Considering that the average precipitation in recent years has
been about 154 millimeters, Iran can be classified as a dry region. Global warming, changes in precipitation,
and changes in the frequency of weather events increase the likelihood of climate change. It is worth
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mentioning that there is no region in the world that is completely devoid of precipitation. There are areas

where it may not rain for years, but the average annual rainfall is very insignificant.

Due to the dryness and heat of the air, scorching sun, blowing wind, and the effect of other factors in dry

areas, the amount of annual water evaporation and transpiration is higher than the total amount of water

resulting from rainfall throughout the year, and in general, it can be said to be 10 to 20 times. The few annual
rainfall, severe annual and seasonal fluctuations, the shortness of the rainfall period and the fall of rainfall in
the form of heavy and sudden showers are considered to be the prominent features of the rainfall regimes.

The characteristics of precipitation in Iran do not follow a certain regularity. In general, it can be said that

dry areas are areas that receive an average of 100 to 250 mm of rain per year. In this research, it is also clear

that the rainfall throughout the central plateau and also the places where Gazella bennetii is present lacks a

clear significant trend. Also, the amount of rainfall does not occur regularly and is often observed without a

significant trend in the level of the central plateau of Iran. For example, in the provinces of Isfahan, Semnan,

and Yazd, the total annual rainfall in millimeters (average total annual long-term rainfall) is 154, 120, and 93

mm, respectively. In Isfahan province, the amount of precipitation decreases from west to east and from

south to north. So that it reaches more than 1000 mm and even 1300 mm in high areas such as Koohrang

Heights (adjacent to the province). Rainfall in these mountainous areas is mostly in winter and spring,

because western winds and Mediterranean cyclones, which are the main cause of rainfall, rule in these

seasons. The weather characteristics of Semnan Province indicate the diversity of its climate. In the current
research, Semnan province has both significant increase and decrease and the diversity expressed in this field
justifies this conclusion. Climatic diversity shows itself in two ways:

- Extreme semi-desert climate that is specific to the plains, salt desert and parts of the northern and central
plateaus of Iran and covers parts of Semnan province including Garmsar and Bon-e Kouh. In these places,
the amount of rain and precipitation is small and it usually rains in early spring and in some years in
summer.

- The mild semi-desert climate that includes parts of Khorasan, Semnan, Shahroud and Damghan in
addition to different parts of Iran. Rainfall in these areas usually occurs in autumn and spring, but the
most rainfall occurs in winter.

Yazd province has the lowest amount of rainfall among the cities of the country. Precipitation includes all

atmospheric precipitation, including rain, snow and hail. The amount of precipitation in Yazd province

shows a 25% increase compared to the last water year without change and compared to the long-term period
of 60 years. This result is consistent with the results of the current research, which shows a significant
increase in rainfall in Yazd province.

Conclusion

In general, wildlife and particularly Gazella bennettii species are important indicators of biodiversity, and the
conservation of animal species requires knowing their relationship with habitat variables. In this study, the
relationship between the presence of the Gazella bennettii and precipitation parameters was investigated.
Climatic factors generally have significant impacts on the distribution of animals. One of the most important
factors is the precipitation parameter. In this study, no significant difference was found in the range of
Gazella bennettii habitats, therefore, the precipitation parameter, which is an important climatic factor, does
not have significant effects on the distribution of this species, and significant attention can be given to other
climatic factors affecting the distribution of this species. Considering that the water needed by the Gazella
bennettii is supplied from the consumed fodder, and this species generally feeds on plants with high moisture
content, the placement of Gazella bennettii habitats in dry and desert areas with limited water resources in
the central plateau of Iran is justified based on the results of this study.

Therefore, considering the points mentioned, it is suggested to take action to strengthen vegetation cover in
dry areas, especially in Gazella bennettii habitats, in order to meet the dietary and water needs of this species.
Furthermore, it is suggested that, given the fact that the Gazella bennettii is considered as prey for the
endangered cheetah species, it is essential to conduct research on the cheetah species as an important species
in the future. Through the relationship between the Gazella bennettii and the cheetah species, more
significant research can be conducted and more information can be obtained about the cheetah species.
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