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Abstract: Land surface temperature (LST) is one of the key parameters in hydrology, 

meteorology, and the surface energy balance.The one-window algorithm of Kim et al. Uses 

Landsat satellite imagery to model the earth's surface temperature.These trends are validated 

using meteorological data. Two main and basic factors play a major role in the temporal and 

spatial trend of the thermal islands of Rasht. These two factors of climate change that have 

occurred in the last two decades in the region of Gilan province and the city of Rasht. The 

second factor that has greatly enhanced the effect of the first factor is the human factor that 

has greatly included other urban factors in Rasht, including urban management and proper 

urban planning in the province and the city of Rasht. These two factors in the temporal and 

spatial trend of urban thermal islands have caused thermal islands to rapidly increase the 

growth of the city and urban population from the urban center to the western and 

southwestern regions and have very negative effects on land use changes and human areas .It 
has caused the construction of Rasht city. 

Keywords: Urban climate, Thermal island, spatial autocorrelation, Spatial analysis, Caspian 

sea, Climate of Rasht 
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1- Introduction 

    It can be said that in 1950, 30% of the world's population lived in urban areas. But by 2000 

this trend had reached about 47% of the world's total population. This upward trend, along with 

experts' forecasts, shows that by 2030, this trend will increase to about 60%. However; The  process 

of urbanization in many developed countries is much greater than the process of urbanization in the 

whole world and developing countries. At least 75% of the population of these countries now live in 

urban areas. This trend is expected to reach 83% of the population of these countries by 2030 [Collier, 

2006]. One simple definition of urbanization is that: urbanization can be defined as the expansion of 

built-up areas. It can be said that in addition to the widespread social and economic effects of 

urbanization; It has many meteorological and climatic consequences [Conry, 2015]. 

According to the definition of urbanization, it has many meteorological and climatic 

consequences. Among them, the local consequences of urban areas in changing environmental 

conditions in the background (for example, global changes) are more evident than rural areas. 

However, rapid progress in industry and urban development has led to environmental problems such 

as increased energy consumption and air pollution, urban heating and even local (regional) climate 

change. [Oke.1982, Atkinson,2003, Arnfield,2003, Jin,.2005]. With the increasing trend of 

urbanization, which leads to an increase in impenetrable urban areas, thus affecting or moderating the 

energy balance of the city[Oke ,.1982, Sandro,.2020]. The energy-modifying effects of the city can be 

attributed to changes that typically lead to the transformation of open spaces such as natural soil cover 

and vegetation into artificial surfaces composed of concrete, asphalt and other impermeable surfaces. 

These processes strongly affect the changes that lead to the absorption and reflection of solar radiation 

and urban surface energy. Also, these changes and contradictions are strongly visible in the ambient 

temperature between the rural city or the urban environment and its suburbs [Aflaki , 2017; 

Mohajerani , 2017; Zhao,. 2016; Santamouris,2015]. 

This moderating phenomenon of urban energy along with global warming threatens human 

health and the environment [Sailor, 2004: Al-Ghussain,2019]. However, the phenomenon of 

urbanization and urban activities can intensify the effects of global and urban warming, as a result of 



these two trends, more populations will be exposed to heating waves (especially urban)[ Weng,2004: 

Dwivedi,2018: Reisi,2019: Odunuga,2015]. The result is the emergence of a phenomenon known as 

Urban Heat Island (UHI), which first emerged from Howard's time in the late 18th and early 19th 

centuries when studying London's urban climate. [Streutker,2003; Yu,2019]. 

 Urban heat phenomenon (UHI) - a phenomenon in which the temperature in urban areas 

(especially downtown) is higher than in suburban areas, etc [Zhao ,2016: Zhou,2019; Oke,1982]. This 

clearly shows that on the one hand there has been a major human change in urban terrestrial 

environments, on the other hand this trend is accompanied by global warming[Clinton,2013: 

Zhou,2014 ]. The phenomenon of thermal islands is not specific to developed countries but to the 

whole world. This phenomenon acts as a cycle of climate change in the urban area and mainly 

changes around itself. Including has a direct effect on vegetation growth and urban climate 

quality[Rizwan,2007]. This trend in itself can dramatically affect human health and well-being (urban 

and even suburban)[ Arnfield,2003; Zhao,2016: Zhou,2014: Grimm,2008]. These side effects, which 

may potentially lead to increased complications such as mortality, energy consumption (especially 

fossil fuels) that occur in urban transportation and urban industrial areas, can even be said to have 

negative effects on behavior and Violent incidents affect the population of urban. The negative effects 

of urban warming and its associated consequences are predicted to develop rapidly throughout the 

world under the domination of warm urban climates[Santamouris,2015: O’Loughlin,2012: Seto,2012: 

Clay,2016 ]. This is especially true in developing and emerging economies, where urban populations 

are projected to be about 35% higher than global urban populations[Zhou,2019]. 

To study the surface temperature in cities, thermal infrared (TIR) data can be used, which is 

widely used to recover and extract the surface temperature (LST)[ (Lo, 2003; Weng., 2004]. Ground 

surface temperature can be known as radiometric temperature. This temperature is taken directly from 

the surface temperature to be measured [Hulley, 2014 : Chapman,2019]. This type of surface 

temperature measurement is the opposite of the measurement that is made at meteorological stations 

that measure surface temperature at close range [Lo, 2003]. Measurements obtained directly from 

satellite data allow us to perform more accurately and better in the analysis of surface temperature 



[Voogt ,1998].Data obtained from satellites in climate and urban studies are mainly useful for 

analyzing urban surface temperature patterns and their relationship with urban surface characteristics. 

Urban surface temperature can disrupt the temperature in the lower layer of the urban atmosphere, and 

this causes the exchange of energy in and around cities, and disrupting the climate of central cities and 

even the health of the urban population has negative effects[Chudnovsky., 2004: Lo., 1997; Weng, 

2001, Weng, 2003; Weng., 2004 ]. The main factors that can strongly affect the temperature of the 

urban surface in cities can be the physical properties of different types of urban surfaces (what 

materials they are composed  of  ), the color of urban surfaces, the sky view factor, direction 

(geometry) of the street , Urban traffic and human activities in cities are the most important factors 

influencing urban surface temperature. All these processes have a direct relationship between urban 

planning and land use[Oke1999; Tong., 2005: Schneider,2010].  

The temperature obtained from the ground has the ability to recover the city's climate 

variables such as evapotranspiration from the city surface and urban vegetation, heat stress that is 

created by the structure and geography of the city and even its effect on the amount Check soil 

moisture. [Agam,2008:Dousset,2003: Rodrigues de Almeida,2021:Hall,2012: Guillevic,2018: 

Hulley,2019: Neteler,2011: Kustas , 2009]. 

    The purpose of this study is to analyze the spatial and temporal variables of urban thermal 

island in Rasht as one of the most populous northern cities in Iran .Using a time series of Landsat data 

in two basic periods will be performed based on the single-window model of Kim et al (2001). It will 

also examine the changes in the spatial and temporal pattern and timing of UHIs, as well as changes in 

land use patterns and land cover .This examines and understands the relationship between urban 

heating island and the main bio-physical stimuli in the city   .  

   To derive city surface temperature on Landsat data, ground surface emissions must first be 

estimated from the NDVI index [Sobrino,2011 ]. In relation to LST and urban temperature, what 

matters is the response of surface temperature and its performance in areas with vegetation. Using 

remote sensing techniques, various vegetation indices can be evaluated and used. Establishing a link 

between land cover and LST can be useful for urban climate studies [Zaitunah,2018]. The NDVI 



index in the Landsat satellite image is made up of near-red and infrared bands. The value of this index 

is between 1 and -1. Positive values indicate healthy green cover, while negative values indicate non-

vegetation cover[Weng,2004: Grover,2015].Equation (1): 

     𝜀𝑖 = { 𝑎1𝑖 + ∑ 𝑎𝑗𝑖𝜌𝑗7𝑗=2        𝑁𝐷𝑉𝐼 < 𝑁𝐷𝑉𝐼𝑆𝜀𝜐𝑖𝑃𝜐 + 𝜀𝑠𝑖(1 − 𝑃𝜐) + 4𝑑𝜀𝑃𝜐(1 − 𝑃𝜐)𝑁𝐷𝑉𝐼𝑆 ≤ 𝑁𝐷𝑉𝐼                                                         (1) 

 
where 𝜀𝑖 is the LSE in band 6; 𝜀𝑠𝑖 and 𝜀𝑠𝑖 are the vegetation component emissivity and 

background component emissivity, respectively; 𝜌𝑗 is the surface reflectance of the Operational Land 

Imager (OLI)band j; 𝑎𝑗𝑖 is coefficient (j = 1~7); and 𝑃𝜐 is the fractional vegetation cover, which can 

be expressed by [Carlson,1997]: Equation (2): 

 (2) 

 

where NDVIv and NDVIs are the NDVI for the bare soil pixels and fully vegetated pixels, 

respectively. To maintain the spatial consistency, NDVIs = 0.2 and NDVIv = 0.86 are assigned . 𝑑𝜀 

represents the emissivity increment from the cavity effect caused by the multiple scattering in the 

pixel, and can be expressed by [Cheng et al.2017]: Equation (3): 

 (3) 

 

For , the radiation temperatures measured by the radiometer were used to calculate the in-situ 

LSTs, and the formula is given by Equation . Th effects of emissivity and the downward sky 

irradiance were corrected Equation (4): 

(4                                                                                                   )B(T_s )=[(B(T_r )-(1- ε) L_(sky ) ]/ε 

where𝑇𝑠 is the LST, 𝑇𝑟 is the radiation temperature, B is the plank function, is the 

emissivityof SI- 111 channel , 𝐿𝑠𝑘𝑦  is the downwelling atmospheric radiance. 
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For other sites, the LST was estimated from the upwelling and downwelling longwave 

radiation using the following equation Equation (5): 

(5) 

𝑇𝑠 = [𝐹↑  − (1 − 𝜀𝑏)𝐹↓   𝜀𝑏𝜎 ] 0.25 

where Ts is the LST, 𝐹↑   is the measured surface upwelling longwave radiation, 𝜀𝑏 is the 

surface broadband emissivity (BBE), σ is the Stefan–Boltzmann’s constant (5.67 × 10−8 Wm−2K−4), 

and 𝐹↓   is the measured atmospheric downwelling longwave radiation.[Cheng, et al .2013; 

Yang,,2014: Wu,2014]Equation (6): 

𝜀𝑏 = 0.197 + 0.025𝜀10 + 0.057𝜀11 + 0.237𝜀12 + 0.333𝜀13+ 0.146𝜀𝑏 (6) 

where 𝜀𝑏is the surface broadband emissivity, and 𝜀𝑏10–𝜀14are narrowband emissivities of five 

channels. 

    The use of spatial analysis was formed following the inefficiency of regional perspectives 

in problem solving. This process has been able to become widespread and efficient to this day 

[Menenti ,1989]. If we accept that the residuals in each model really show spatial correlation. 

Examining this trend by spatial autocorrelation will become a common need in geography [Kershaw , 

2010]. This index measures the accumulation of values and spatial properties. This index shows the 

relationship of a variable (parameter) in different spatial situations. This index can take into account 

values that are spatially close or pairs to each other at a certain distance from each other. The more 

similar this process is (positive correlation), the more distant they are from each other (negative self-

correlation). This trend is more randomly selected than waiting for pairs of observations at locations 

[Tobler,1970: Songchitruksa,2010] 

The Moran's index was first used by Mr. Moran in the world in 1950[Moran,1950]. Which 

was used as the first unit of spatial autocorrelation. The values of this index vary between the values 

of 1- to 1[Fu,2014]. A value of 1 (positive) means that the complete and positive spatial 



autocorrelation between (high values or low values with) is clustered. This is while the value 1- 

(negative) indicates a completely negative spatial autocorrelation or (checkered pattern). This is while 

(Global Moran's I) mostly evaluates spatial correlations or quantities. But (Local Moran's I) measure 

spatial association (LISA) and the degree of spatial autocorrelation in any particular location. This 

index well identifies the behavior of spatial cluster patterns and spatial outliers [Anselin,1995: 

Harries,2006: Levine, 2004: Tu,2008 ]. Equation (7): 
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iX
Coefficient of distance or relative variable in regional units, i, n number of regional units, 

ijw
weight (includes urban facilities). 

The G statistics were developed by Getis and Ord[Ord,1995: Getis,1992], and are most 

commonly used to identify spatial patterns. However, this statistic, like the Moran index, can also 

study and identify spatial interdependence[Mitchell,2005]. Indicators like Moran are usually very 

general. In such a way that it can not identify local patterns in a large area. The fact is that the level of 

spatial dependence may have significantly different functions across space. This trend indicates that 

the capacity to detect and characterize the spatial heterogeneity of Gi statistics is more favorable than 

local Moran. It must be borne in mind that the Moran family of indices is indistinguishable from hot 

spots and cold spots. Therefore, Gi index is more suitable than Moran index, it can eliminate these 

defects [Flahaut,2003: Mitra,2009: Quddus,2008 ]. Equation (8): 
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Because of ji  , The general statistic G is defined by the distance criterion (D). Within that 

distance, the regional units can be considered as I neighbors. Weight wij  (d) is equal to 1. 

2.Study Area and Climate Data 



2-1. Study area 

          The city of Rasht has been selected for this article due to its historical, economic and 

social importance in northern Iran. The city of Rasht is located in the center of the Gilan Plain, 

between 49 degrees and 35 minutes and 45 seconds east longitude and 37 degrees and 16 minutes and 

30 seconds north latitude. Its area is about 10240 hectares. Rasht is considered as the first and largest 

urban point of the province and the southern shore of the Caspian Sea and as one of the largest cities 

in the country with a population of 500,000 to 1 million people and the political and administrative 

center of Gilan province. Figure (1) shows the geographical location of the study area. 

 

Figure 1. Geographical location of Rasht 

   Rasht has a temperate and humid climate in Iran. It has cold and rainy winters under the 

influence of Sub Polar Low,westerly winds, Siberian High Pressuer, High Pressuer Black Sea, which 

plays a role in heavy rainfall in these areas ;This role, especially by passing Siberian High Pressuer 

through the warm sea of the Caspian Sea, receives sufficient moisture and creates a lot of rainfall 

around (1000mm). This is despite the fact that it is different in summer than in winter. In this season, 

the Mediterranean climate is under the domination of the Sub Tropical High Pressure . Throughout 

this period, hot and muggy conditions prevail in the city. Due to the social, economic, demographic 



and climatic conditions prevailing in the city of Rasht, it is rapidly expanding; This expansion has led 

to complex, unbalanced and compact urban structures and land use relocation to new urban areas. 

2-2. methodology 

   In this research, two types of data have been used to extract the thermal island in Rasht. The 

images extracted from Landsat 7 (ETM+) are extracted from the USGS site, respectively. The second 

parameter used is the daily climatic data of the meteorological station in the city Rasht which has been 

extracted from the Meteorological Organization of Iran. For extraction and calculation of urban 

surface temperature for this purpose was studied based on two periods. The first period (2000-2005) 

and the second period (2010-2017). These periods were extracted as an image in these two periods as 

an average of 3 warm months of the year (summer season). Because the study area has many cloudy 

days, the extracted images have less than 20% cloud. Then, for geometric corrections, topographic 

maps of the city Rasht were used. As a result, all RMS error corrections less than 0.5 were used. Also, 

hourly meteorological data of synoptic stations located in the city Rasht were used to calculate the 

parameters related to temperature extraction. Since the satellite time is 9:45 local time and the 

difference between Tehran and Greenwich Mean Time is 3 hours and 30 minutes, the data was used to 

compare the 6 o'clock Greenwich Mean Time data at Rasht station. Then, to extract the ground 

surface temperature, the thermal band data of the Landsat 7 sensor were used from the single-band 

algorithm proposed by Kim et al. Finally, after extracting the surface temperature from the images, 

the thermal island is examined in terms of time and space. Then the thermal island based on 

techniques and spatial analysis including autocorrelation, local and regional Moran, Gi statistics and 

clustering of hot and cold areas of surface temperature in Rasht has been studied.

3. Results and discussion 

In order to extract the surface temperature of Rasht in the first stage, the vegetation of 

the city was evaluated based on the index (NDVI) for the studied years. The results of this 

index are given in Table (1). This index can be considered as one of the most important 



stages of urban temperature extraction ; Based on which it provides an overview of land use 

conditions in cities. 

Table 1. The trend of NDVI index in the studied years. 

year 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 

NDVI 

index 

 

43.01 38.27 42.13 38.14 42.42 34.78 26.89 41.48 42.77 32.22 

 

According to the results of the vegetation index of Rasht, on average, this trend covers about 

38.21% of the city in the whole study period. This is while based on the geographical and natural 

location of Rasht city and urban planning conditions, this index fluctuates sinusoidal during the 

period. Depending on all of these conditions, in the first 2000 year, which is the base year; The trend 

of this index has reached its maximum which is about 43.01% of the total city. This trend this year is 

higher than the whole period and its average. This is while in the 2014-year urban planning conditions 

and land use changes in Rasht were very fast; On the other hand, climatic conditions in this year have 

reduced this index in the entire study period, which has reached about 26.89% of the total city. 

 This year is known as one of the most harmful vegetation conditions in Rasht. 

What is important about the vegetation index of Rasht is that in the 2000 year the focus of urban 

construction or in other words changes in urban land use in a focal point and the city center has been 

focused. However, all around the city in the form of agricultural fields, gardens, orchards and water 

reservoirs collected from rainwater and local rivers, has created a rural-urban area in the shortest 

distance from the city center of Rasht. This is while in the 2010 year the urban development of Rasht 

has been increasingly stretched in different directions, including north, west and southwest. This 

urban creep caused the melody of rural-urban land use changes around the city of Rasht. This is while 

due to the geographical, historical and political, economic and social conditions of Rasht in northern 

Iran; In the 2017 year this urban creep will spread in all directions. It can be said that the city of Rasht 

is growing as a metropolis in northern Iran by swallowing the suburbs, towns and small towns around. 



   Once the vegetation results of Rasht city are known, in the next step, we will extract the 

surface temperature. For this purpose, this extraction is based on the one-window algorithm of Kim et 

al. (2001). The results obtained from this method along with the actual temperature of Rasht 

meteorological station are given in Table (2). 

Table 2. Temperature was calculated from three indicators: List, Ta and Ta. 

2017 2016 2015 2014 2013 2012 2011 2010 2005 2000 Rasht 

station 

 

39.09 

 

 

32.9 

 

 

35.29 

 

 

39.55 

 

 

26.85 

 

 

25.36 

 

 

38.25 

 

 

39.89 

 

 

35.64 

 

 

31.83 

 

Calculated 

surface 

temperature 

LST 

 

26.74 

 

 

24.1 

 

 

28.34 

 

 

30.37 

 

 

25.3 

 

 

21.01 

 

 

29.18 

 

 

31.71 

 

 

29.54 

 

 

31.7 

 

Calculated 

surface 

temperature 

Ts 

 

26.46 

 

 

30.5 

 

 

27.8 

 

 

29.5 

 

 

27.4 

 

 

25.1 

 

 

30 

 

 

30 

 

 

29 

 

 

31.13 

 

Calculated 

surface 

temperature 

Ta 

 

According to the results, the average LST temperature in Rasht in the whole study period is 

34.46 degrees Celsius. This is while in the years 2012, 2013 and also 2016, due to the fact that the 

amount of clouds in the two months of these years was more than 20%, an image of a month in these 

years had to be used. Temperature results showed that in the 6 years studied, the average LST 

temperature is higher than the average temperature. This is while the highest values related to 2010 

and 2014 have reached their temperatures of 39.89 and 39.55, respectively. This is while the 

temperature extracted from the pictures of Rasht station in these two years are 31.71 and 30.37 

degrees, respectively; And the temperature of the meteorological station on that day reached 30 and 

29.5 degrees Celsius. Sinusoidal conditions of Rasht surface temperature on the one hand to the 

prevailing climate in the warm period of the year which is under the pressure of the subtropical. On 

the other hand, by combining the humidity of the Caspian Sea, it has created a very sultry and hot 



situation in the city of Rasht. However, the urban structure, materials and land use change of urban 

lands are very effective in maintaining and expanding the temperature of the city. These factors are 

involved in creating heat stress as a result of creating thermal islands in all levels and urban 

dimensions. However, based on the results of the correlation between Ta and Ts indices, it indicates 

that there is a correlation between these two indices at the error level of 0.05 and at the 95% 

confidence level. The significant relationship between the two indicators has reached about 0.689 

positive. This indicates that about 69% of the two temperatures Ta and Ts in the city of Rasht is 

directly related. 

After obtaining the surface temperature of Rasht, in order to understand this trend correctly, 

using two parameters of mean and standard deviation of the data, the temperature of the city was 

divided into thermal classes. Based on the classification, the temperature of Rasht city was divided 

into 3 categories, which include; Warm, medium and cold areas. The results of this classification are 

given in Figure (2).    

 

Figure 2. Area of hot, medium and cold spots in Rasht 

   Based on the results obtained from this classification, in the whole studied period, on 

average, warm, medium and cold regions in Rasht were about 33.4%, 25.25%, 42.30%, respectively. 

However, in 2017 alone, warm urban areas reached about 42.77% of the total city, due to widespread 

changes in urban land use and climate change in the city. The lowest warm area in the city is about 

25.74% in 2005. This is while this year the most area of cold urban areas has reached about 30%. The 
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average of cold areas in this city is about 42% of the city area in the study period. This is while there 

is a significant relationship between vegetation index and cold regions that this index reaches 0.02. 

The temperature zones of the city indicate the thermal conditions of the city, while the 

intensity of the thermal islands of the city shows the effects of these zones in the city. According to 

the results obtained from the intensity of thermal islands of the city (URI) in the study period, the 

average of this index in Rasht is about 0.29%. The results of this index are given in Figure (3). 

 

Figure 3. Intensity of thermal islands in Rasht 

The highest trend of this index dates back to 2017, which has reached about 37% of the city. 

The lowest trend dates back to 2005, when it reaches about 25% of the city. The correlation statistics 

between heat intensity and hot areas in the city were at the level of 99%, indicating a strong 

relationship between these two indicators. 

What should be considered in the process of thermal islands and temperature of urban areas of 

Rasht can be divided into two main factors that include many details. Before entering into the 

important factors, an important point in this regard should be mentioned. The city of Rasht has a 

unique geographical location in the north of Iran. As mentioned in its geographical and climatic 

conditions, another factor is the location of the city in the south of the Caspian Sea, this neighborhood 

as a source of moisture and energy and the entry of different climates in all seasons. Existence of soil 

and other suitable environmental conditions and other infrastructures should also be considered. These 

special climatic and geographical conditions of Rasht city make it suitable for living in the city for 

urban residents. But important factors in this area have disrupted it. The first factor is the spread of 
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climate change in the world, the region and (local) that has caused the urban climate of Rasht to 

deviate from normal. These climate changes have caused the average temperature of the study period 

to experience about 4.5 degrees Celsius compared to the long-term growth period. The long-term 

average temperature leading up to 2017 was about 25.01 ° C. But what the average temperature from 

2000 to 2017 shows is an increase of 29.47 degrees Celsius. Another second factor that has 

contributed to these temperature conditions in the city is the lack of proper urban planning and 

misunderstanding of this issue (urban climate change). This has led to an uncontrolled increase in 

urban space and extensive changes in urban land use that have created thermal islands in the city of 

Rasht. Figure (4) shows the trend of thermal islands in Rasht in three time periods in 2000, 2010 and 

2017. 

 

 

Figure 4. Distribution of thermal islands in Rasht 

In the following, the spatial conditions of the thermal islands of Rasht are discussed. What is 

certain is that spatial and geographical analysis are often multivariate and multi-criteria. Geographers, 



planners, and spatial decision makers are faced with a wide range of data and information to solve 

their problems, which are often very complex and difficult to use, integrate, and analyze due to their 

large size and different natures. One of the indicators that can be used in this process is the Moran 

index. This index will show whether the trend of thermal islands in Rasht has spatial auto correlation 

or not. The results of this Moran index are given in Table (3). 

Table 3. Moran results in the studied years in Rasht 

 

 

 

 

The results of Moran index in Rasht show that its value is above 0.99% in other years other than 2012, 

2013, 2014, 2017. This is while for the years mentioned, it is 0.97, 0.96 and 0.98 percent, 

respectively. The trend of Moran index in Rasht urban heat islands in the study period shows that the 

trend of urban heat islands has a high cluster pattern and fluctuates at the level of 96 to 99%. 

Furthermore, in 2014, the trend of this index reached its lowest level of 96 percent. Moran z statistic 

index in the study period in Rasht is between 455.84 to 471.62; Furthermore the p-value index 

throughout the period is 0.000, which indicates a highly focused clustering pattern. Considering the 

values of these two Moran and p-value indices, the hypothesis of lack of spatial auto correlation 

between the thermal islands of the city in the studied years can be rejected. If we divide the thermal 

islands in space normally in the years studied in Rasht, the global Moran index is about - 0.000009. 

This index and the amount of Moran in 2012, 2013, 2014, which has reached its lowest point, 
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indicates the fact that there are differences in different years at different scales. This is a situation that 

in other years this index is closer to one, the result of which is its spatial clustering with higher 

changes in the size of the neighborhood unit. Therefore, due to the increase in thermal islands, 

changes in the size of this index in the whole city will affect neighborhood units. This is true for the 

warm period we have studied in this study. 

  Considering that global Moran self-solidarity only shows whether our pattern is clustered or 

not? For this reason, local Moran is used to show the spatial distribution of the pattern governing the 

thermal islands in the study period. The results of local Moran analysis of thermal islands in Rasht 

show how this pattern is distributed in space (scattered-cluster-random). The value of this statistic can 

be interpreted and analyzed within the standard p-value score. Table (4) shows the results of local 

Moran in Rasht. 

Table 4. local Moran results in the studied years in Rasht 

 

The results of this index in Rasht show that the p-value is at a confidence level of 0.000 or 

99%. This trend indicates the impact of the city's thermal islands from local conditions such as land 

use, vegetation, water resources in Rasht. This is in the situation that the local statistics in Rasht is 

between 0.000001 to 0.000002, the variance in the place was 0.00000 or 99%, the normalized index in 

Rasht is about 0.000001. The conditions of local Moran clusters of H-H clusters in Rasht during 2000 

show the highest concentration in the center of the city and sparsely and slightly in the west and east 
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of the city. This is while in most other parts of the city there are no significant dispersions. This is 

while the most clustered concentration L-L is in the southwestern center of the city towards the 

industrial areas of Rasht. This is while in an area of the southeast and spots are also seen in the west. 

In 2010, the areas without trends decreased rapidly, and quickly replaced the L-L areas in these areas, 

and this trend has even extended to the east and north of the city. This is while the H-H clusters have 

expanded to the center of the city and to the west of the city this year. But the trend of this index in 

2017 in Rasht has changed in a different way. This trend has grown in the southeastern parts and east, 

north and west coasts of the city with L-L clusters, especially in the southeastern regions, while in the 

southwestern regions, this index has decreased and the area of without trends. Areas has increased. 

The H-H cluster index has reached its lowest area this year and has expanded more in the center of the 

city to the west of the city and the central areas that were affected by the conditions of the H-H cluster 

in previous years have become areas without trends. The results are shown in Figure (5). 

ab  



  c 

Figure 5. Results of local Moran in Rasht-a:2000, b:2010,c:2017 

So far, those urban areas where thermal islands with positive spatial correlation (high heat 

cluster) and negative (low heat cluster) have been identified, but in order to ensure areas with high 

and low value clusters of the index HotSpot is used. This index is calculated for each complication in 

the data, It is a kind of scoring to the z index. The larger the z value, the more clustered and hot the 

high values are. Conversely if this happens; Intense clustering takes low values and actually shows 

cold spots. The results are given in Figure (6). 

 



 

Figure 6.  Hot Spot results in Rasht 

Analysis of hot and cold urban spots in 2000 shows that most of the city area has a trend 

index. This is while the hot spots that (in the level of 99% confidence) are right in the center of Rasht, 

but as it moves north of the city, this trend is reduced to 95% confidence. This indicates that the trend 

of urban land use change to the north of the city has been reduced and this trend is becoming more 

uniform. Hotspots are also scattered in the west, southwest and east of the city. This year's cold spots 

can be perfectly matched with the Zarjoob River, which runs from the southeastern tip to the city 

center, and this trend indicates a 90 to 95% confidence level. The cold spots in the south-eastern and 

western parts are exactly in line with the water resources that exist in the urban area. This is while the 

cold spots are visible in a limited and narrow way in the west and east of the city at the level of 95%. 

In 2010, the trend of index area (without trends) in the city is reduced, especially in the southwest and 

east. The cold spots this year are again consistent with the rivers and water sources that exist in 

different parts of the city. In the same year, the cold spots that existed narrowly along the urban 

boundaries in the base year have greatly increased and spread. Hot spots are scattered throughout the 

city except the city center, these spots are also spread to the west and southwest; This year, hot spots 

are at a confidence level of 90 to 95%; Which goes southwest at 99% confidence level. Scattered 

spots are also formed in the east, south and north at a confidence level of 90 to 95%. The trend of this 

index this year shows that factors such as growth without urban planning (lack of urban planning), 

land use change and climate change have been involved in the expansion of thermal islands and hot 



and cold spots in Rasht. This year, the cold spots in the city have spread rapidly in the northern, 

northwestern and western border areas of the city, but in the southwestern parts, this trend has sharply 

decreased and has given way to a without trends index. This is while the without trends index has also 

increased in the southeastern part to the south of the city. What is important in Rasht is that the hot 

spots at the beginning of the study period correspond exactly to the city center, and this trend has 

changed over the years until 2017, when it was moved from the city center to the west and southwest. 

These stains have been reduced from 99% confidence level. This year, most of the area of the city 

center is covered by a without trends index. This trend shows that the city of Rasht has become a city 

with several urban centers compared to previous years without proper and scientific urban planning 

and extensive land use changes and without considering climate change. 

4.Conclusions 

   It is a well-known fact that the development of cities causes climate change, including the 

creation of urban heat islands in urban areas. With increasing urbanization, the urban heat island will 

have a greater impact on urban residents. In this study, the spatial and temporal analysis of the thermal 

island in the city of Rasht in the south of the Caspian Sea has been studied. The method used in this 

research is Kim's one-window model and has been done for time periods (2000 to 2005) and (2010 to 

2017). The results show that on average during the study period about 39% of the city of Rasht has 

vegetation. Considering these conditions, the results obtained from the values of Ts and Ta 

temperatures in the study period were about 0.41 ° C. Which is highly dependent on the geographical 

conditions of the city, climate change and changes in urban land use. This is while the highest average 

of hot zone in the study period in 2017 reached 43% of the urban area. These conditions show well 

that the urban temperature trend in Rasht has increased, which based on the long-term average until 

2017, the average temperature was about 25.01 degrees Celsius. This is while the average temperature 

of the study period has reached about 29.47 ° C. Which indicates a growth of 4.5 ° C, which is very 

effective in hot urban areas. These climatic conditions with the lack of urban planning are effective in 

intensifying the thermal islands. The findings of Kim et al. (2005) are in this direction. 



This is while the results of spatio-temporal analysis of Rasht urban heat islands show a 

confidence level of 99% to 96%. This trend indicates that the urban heat islands of Rasht have a 

cluster pattern during the years under study. This is while the local Moran index has a p-value of 

0.000 during the years under study, which well shows that urban heat islands are related to local 

conditions such as urban structure, land use, vegetation and altitude. This is while the G statistic index 

is at the level of 99% confidence. This trend is consistent with the developed and active urban areas of 

Rasht. The findings are consistent with the results of research by Batista Silva (2017). 

The results of the trends in the thermal islands of Rasht show that in 2010 the focus is on the 

city center. Which indicates that the islands are concentrated with the old areas of the city. This is 

while in 2010, the trend has crawled to most of the city and has grown in isolated and linear parts in 

the southeastern parts of the city. This trend in 2017 has shifted the focus away from the city center to 

the west and southwest of the city. This focus is on the central parts and less. This trend shows that the 

city of Rasht is changing into a multi-nuclear city and very chaotic. There is a more intense linear and 

point trend in the southeast. This trend has appeared in the southwest as single spots. 

According to the obtained results, it is necessary to point out two main points in the urban 

thermal islands of Rasht, the first of which is; Climate change in the study areas and the second case, 

which is more important than the first factor and has a greater impact on it; It is a human factor that 

includes the lack of proper economic and social planning and the lack of proper urban planning, 

which has doubled the effects of the thermal islands in this city 
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