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ABSTRACT: 

Climate is one most important factors that can reconstructs the formation of soils. Accordingly, the objective of this study is 

characterizing spatial and temporal trends of soil and surface properties changes in Gomishan region during the period of 2017-1987. 

For this purpose, 432 monthly product of LST (MOD11C3) and vegetation cover (MOD13C2) of MODIS sensor and 3 Landsat images 

were used. Single-channel algorithm and various spectral indexes were used to modeling of Land surface temperature (LST) and 

surface properties including brightness, greenness, wetness and salinity. Then, based on the soil line analyse, pixels with the full cover 

of soil were extracted. Finally, trend of LST and surface properties variations were investigated for these pixels and whole studied 

area. The average of LST and vegetation cover changes in January, February, March and April are higher than other months. The 

variance of LST and surface properties for Gomishan wetland was higher than other regions of the studied area. The values of Soil 

salinity index in 2000 year was higher than 1987 and 2017 years. The LST of pixels with full cover of soil in the north of study area 

was higher than the south. Also, wetness of these pixels in the northern regions is lower than the southern regions of the study area. 

The results of study indicate, spatial and temporal variations of the surface properties of the Gomishan area derived from remote-

sensing data were high. 

1. INTRODUCTION

Soil is a very important component of ecosystem stability. The 

soil's ability to perform a specific process or use is the concept of 

soil quality in the ecosystem. In previous study, chemical, 

physical and biological factors have been proposed to determine 

the effects of ecosystem destruction and soil quality (Seybold et 

al. 1999).  

Soil is formed as a bed of life and a place of plant growth as a 

result of the interaction of soil tillage factors including climate, 

living organisms, maternal materials, and posture and height over 

time. Among these factors, the climate has a very important 

impact on the formation and development of soil (Brady and Weil 

2013; Panagopoulos and Hatzistathis 1995). Climate is the most 

important factor that alone determines the composition of plant 

species in a region, the amount of plant products, and the 

intensity of microbial activity in the soil. Climatological factors 

are active on a large scale and affect soil characteristics. Soil 

organic carbon is one of the most important factors affecting soil 

quality and has great potential for change due to climate change 

and human management. 

Climate conditions through climatic indicators such as rainfall, 

evapotranspiration, wind, and radiation can affect some soil 

tillage processes (Jafari and Sarmadian 2003). Buol et al. (2011) 

suggested at the beginning of soil formation, bedrock factor is 

important and often affects the soil properties, but when the soil 

horizons are formed and the thickness of the soil increases over 

time, the climate effect of soiling on physical, chemical and 

biological properties of soil is more than other factors (Buol et al. 

2011). 

* Corresponding author 

Therefore, recognizing the effects of climate on soil quality, 

especially in arid and semi-arid regions, is essential for the 

correct management of these soils (Lal 2004; Wagenet and 

Hutson 1997). Changing climate creates an additional pressure 

that could change or threaten ecosystems. 

Soil properties and processes, including organic matter 

decomposition, leaching and soil moisture regimes, will be 

affected by rising temperatures (Davidson and Janssens 2006). 

Soil Erosion and degradation are likely to exacerbate the adverse 

effects of increasing air temperature on crops (Kirschbaum 

1995). Climate change may lead to increased erosion in some 

areas, due to intense rainfall and increase wind speed (Peizhen et 

al. 2001). 

Climate change can also exacerbate desertification by changing 

temperature, rainfall and wind. The water holding capacity 

depends on the degree of soil degradation. Due to poor land 

management, soils can lose fertility as a result of climate change 

and thus exposed to degradation. The Land Surface Temperature 

(LST) and surface biophysical characteristics are the parameters 

that affect the climatic conditions of a region. Accordingly, the 

objective of this study is characterizing spatial and temporal 

trends of soil and surface properties changes in Gomishan region 

during the period of 2017-1987. 

2. PROPOSED METHOD

2.1 Study area 

The Gomishan region, located in the North of Iran (53°42 ʹ to 

54°21ʹ E longitude and from 37°50ʹ to 38°15ʹ N latitude), covers 

an area of 3522 km2. The minimum, maximum and average 
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elevation of the study area are -55, 54 and -23 meters from the 

mean sea level, respectively. The region's climate is semi-arid, 

and the average long-term temperature and annual rainfall of the 

region are 17.6°C and 381 mm, respectively. The geographic 

location of the studied area is shown in Figure 1. 

Seasonal wetland scale. Also, the variance parameter was used to 

study the spatial and temporal changes of LST and surface 

characteristics including LST, greenness, brightness, wetness, 

and salinity. 

In the third step, pixels with the full cover of soil at all dates were 

extracted based on the soil line in the red and near infrared bands 

feature space. Finally, trend of LST and biophysical 

characteristics variations for these pixels during 1987 to 2017 

period were studied. 

3. RESULTS

The results of the surveys show that, the average of LST and 

vegetation cover of the study area varies for different months and 

years. The changes of LST and vegetation cover average in 

January, February, March and April are higher than others. 

Also, the variance of the LST and vegetation cover average for 

different regions of studied area are different, and the distribution 

of high variance values are spatially varies in different months. 

In January, February, March, April and May the values of LST 

and vegetation cover variance for the marginal areas of the 

Caspian Sea and the southeastern region of the study area, which 

is the area of agriculture, is high. But for June, July, August, 

September, October, November and December, high values of 

LST and vegetation cover variance are limited to the regions of 

near Caspian Sea. 

High values of variance in a pixel indicate significant changes in 

LST or vegetation cover over the time period studied in that pixel 

and vice versa (Figure 2). 

b a 

Figure 2. Variance maps of (a) LST and (b) vegetation cover 

during of 2000-2017. 

The maximum LST changes for the study area are related to 

seasonal wetlands and Gomishan wetland. Wetland, probably 

due to the water level of the wetlands. Generally, for the study 

area, changes of LST and vegetation cover can be attributed to 

changes of the surface biophysical characteristics, increased 

human activity, increased salt-marsh lands, and the advance and 

subsequent water level of the Caspian Sea and changes of the 

water level of the Gomishan wetland. 

To investigate the surface changes of the studied area with 

suitable spatial resolution, different surface characteristics such 

as LST, vegetation cover, wetness, Brightness, and salinity were 

modeled based on Landsat images. The results indicate spatial 

and temporal variation of surface characteristics of the studied 

area in 1987-2017 period is high. Spatially, the maximum 

changes of surface properties (LST, vegetation cover, Brightness, 

Wetness and salinity) in the studied area are related to Gomishan 

wetland (Figure 3).

Figure 1. Location of case study 

2.2 Data 

In this study, Landsat and MODIS imagry were used to 

investigate the changes in LST and surface biophysical 

characteristics of the Gomishan area, during the last decades. In 

this study, 435 products and images of MODIS and Landsat were 

used. Landsat images related to Landsat 5 (July 16, 1987 and July 

19, 2000) and Landsat 8 (July 18, 2017) were used to modeling 

of LST and various surface biophysical parameters. Also, 

monthly LST products (MOD11C3) and vegetation cover 

(MOD13C2) of the MODIS sensor were used for a period of 18 

years from the beginning of 2000 to the end of 2017. 

2.3 Method 

In the present study, the first step, the trend of LST and vegetation 

variation in the studied area for the 2000 to 2017 period were 

monitored by monthly products of the LST and vegetation cover 

of the MODIS. To study the temporal changes, the average of 

LST and vegetation cover of the whole study area, city and 

wetland of Gomishan and seasonal wetland were investigated. In 

order to spatial changes investigation, the variance of LST and 

vegetation cover values for each pixel was calculated for the 

period 2000 to 2017, and a map of LST and vegetation cover 

variance was produced. Monthly products of LST and vegetation 

cover of the MODIS have appropriate temporal resolution, but 

the spatial resolution of these products is inappropriate.  

Accordingly, in the second step, the spatial and temporal changes 

of LST and biophysical properties of the studied area was 

investigated for the period 1987 to 2017 by Landsat imagery. In 

this study, the single channel algorithm was used to LST 

calculation (Jimenez-Munoz et al. 2014; Sobrino et al. 2004). 

Also, Normalized Difference Built-up Index (NDBI) (Zha et al. 

2003), Normalized Difference Vegetation Index (NDVI) (Tucker 

1979) and Normalized Difference Water Index (NDWI) (Gao 

1996), albedo (Liang 2001), wetness (Baig et al. 2014), 

brightness (Baig et al. 2014), Normalized Difference Salinity 

Index (NDSI)  and Salinity Index 1 (SI 1) were used to modeling 

of various surface biophysical characteristics. 

The average of LST and surface biophysical characteristics 

including Brightness, Greenness, Wetness and salinity were 

investigated in whole study area, Gomishan city and wetland, 

and 
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Figure 3. Histogram of variance values of biophysical properties of Gemishan city and wetland, and seasonal wetland 

The average of surface biophysical characteristics variance of the 

Gomishan city and wetland, seasonal wetland, and study 

area was calculated and shown in Figure 4.
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Figure 4. The mean of variation of the surface biophysical characteristics of the Gomishan city and wetland, seasonal wetland, and 

study area from 1987-2017.  

Due to the importance of soil cover in the region, the pixels of 

the studied area, which had soil cover in all three images of 1987, 

2000, and 2017, were extracted based on the soil line analysis in 

the features space of the near-infrared and red bands Landsat 

images. Then, the maps of the biophysical characteristics of the 

years of 1987, 2000, and 2017 for these pixels with the net cover 

of the soil are shown in Figure 5. 
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Figure 5. The surface biophysical characteristics maps of the the pixels with soil cover in 1987, 2000, and 2017. 

 

Figure 5 shows that the surface biophysical characteristics 

changes of the pixels with soil cover in 1987, 2000, and 2017 are 

high. For example, soil salinity index values (NDSI and SI 1) in 

2000 was higher than in other years for these pixels. The LST of 

these pixels in the north is higher than the south of the study area. 

Also, wetness of these pixels in the northern regions lower than 

the southern regions of the study area. 

 

4. CONCLUSIONS 

One of the important factor affecting the soil forming processes 

in a region is climatic conditions. Also, Land Surface 

Temperature (LST) and surface biophysical characteristics are 

effective parameters on the climatic conditions of a region. In this 

study, the spatial and temporal changes of LST and biophysical 

characteristics of Gomishan area during the period of 2017-1987 

was investigated. The results show that, the average of LST and 

vegetation cover are variable for different years and months. The 

variance of LST and vegetation cover for different spatial 

location are variant. The maximum LST changes for the study 

area are related to seasonal wetlands and Gomishan wetland. The 

main reason for this is the changes of the water level of the 

wetlands. Generally, for the study area, changes of LST and 

vegetation cover attributed to changes of the surface biophysical 

characteristics, increased human activity, increased salt-marsh 

lands, and the advance and subsequent water level of the Caspian 

Sea and changes of the water level of the Gomishan wetland. 

Spatially, the maximum variation of surface biophysical 

properties (surface temperature, vegetation cover, surface 

Brightness, surface Wetness and salinity level) in the study area 

are related to Gomishan wetland. The LST of the pixels with full 

cover soil in the north is higher than the south of the study area. 

Also, wetness of these pixels in the northern regions is lower than 

the southern regions of the study area. 
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