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1. Introduction  

UHI (Urban Heat Island) describes the phenomenon of temperature change in urban areas 

than their surroundings such as bare lands, gardens. Its effects are: increasing energy and 

water consuming, escalation of air pollution and intrusion on thermal welfare (Hashemi 

et al., 2019). Different researches about UHI, have assessed the effect of one or several 

factors, mainly land use, on the escalation of surface and sensible temperature. There are 

many researches about this issue. In one case in Macedonia, Skopje, heat island was 

assessed by using of NDVI index. The results indicated NDVI index was effective in 

weakening heat island and NDBI index had positive correlation with surface temperature 

which shows manmade areas have effects on heat island intensification (Kaplan et al., 

2018). RS (remote sensing) makes it possible to assess all aspects of UHI as a hazard 

through preparing high quality satellite images. GIS (geographical information system) 

does too by preparing database, uniform methods, analysis and producing maps. The 

objective of this paper is temporal-spatial analysis of heat island of this hazard to 

recognize the UHI places in relation to land uses. This analysis helps urban managers to 

know more about spatial requirements in city and the importance of proper places (green 

lands and parks) to moderate urban temperature.  

2. Study Area   

Urmia city is the central district of Urmia county in the center of west Azerbaijan province 

in Iran. The city has been located in the distance of 18km from Urmia Lake. The city is 

located in 37 ºN latitude and 45 ºE longitude. Its climate has been affected by latitude, 

winds, Urmia Lake, Mediterranean wet climate, Siberian cold air masses, topography, 

altitude, and the direction of altitudes (Javan, 2013).  

3. Materials and Methods  

In this study Landsat images for August period of 1989, 1998, 2011 and 2018 were used. 

Preprocessing, atmospheric and radiometric correction were performed for the images. 

To prepare heat island maps, land surface temperature (LST) was calculated by the 

threshold limit of NDVI and Plank principle method for TM images and Split Window 
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algorithm for TIRS image. The algorithms were run in ENVI 5/3. LST formula factors 

for TM images included Brightness Temperature and Land Surface Emissivity (LSE). To 

calculate LST for TIRS bands, Split Window algorithm was run by using some important 

factors including brightness temperature, split window coefficient values, mean LSE, 

difference in LSE and atmospheric water vapor content. Using of NDVI and land-use 

images, the relationship of LST, vegetation cover and different land uses was analyzed. 

For assessment of heat island intensity changes in Urmia, the index of heat island 

proportion was used for the images. See the following: 

UHI =
Ti−Ta   

Ta
                      Ti   : temperature of place     Ta:: Average surface temperature 

 4. Results and Discussion  

According to land use maps, during 29 years from 1989 to 2018, Urmia city has had 

significant growth and expansion. Change detection results indicated  that about 82%, 

equal to 2475 hectare of bare lands and 72%, equal to 1833 hectare of surrounding 

farmlands and gardens of the city have been changed to urban land use and related 

constructions. Using Zonal statistics in Arc GIS the temperature of land uses was assessed 

.According to the results in 1989 the green cover had the lowest temperature, and the bare 

lands had the highest average temperature. In August 2018, the maximum temperature is 

related to urban areas. On August 2018 some new UHIs have been made which are related 

to producing and industrial workshops, buildings and bare lands in the north east, east 

and south east of city. The assessment of UHIs changes process showed the escalation of 

UHI index in Urmia. 

5. Conclusion 

Urban Heat Islands have destructive effects for metropolises and the residents. Urmia as 

a metropolis has had rapid industrial and population growth in the recent decade. In this 

research assessments have been done by Landsat images from 1989 to 2018 with four 

years with temporal distances. The results indicated that in 2018 the area of cold and very 

cold temperature classes have been decreased. It is because of destroying of large areas 

of farmlands and gardens and changing to urban land use during studied years. In 1989 

and 1998 very high temperature class included bare lands. Passing years and constructing 

new buildings, industrial and production workshops, new UHIs have been created in east, 

north east and south east in 2018. The results indicated that during the studied period, 

according to UHI index results, UHI has been intensified. The UHI index with the amount 

of 0/2 in 1989, has been reached to 0/37 in 2018. According to these results, in addition 

to extending of UHI in Urmia, UHI has been intensified. Another research which has been 

done on UHI in Urmia in July 2015 (Asadi et al., 2019) had the same results of this paper. 

It proved the effect of industrial and administrative land uses on high temperatures. This 

research represented the negative relation between LST and green lands and vegetables. 

Maleki et al. (2018) using synoptic stations information and statistics to assess the UHIs 

in Urmia and recognized the UHIs in same places like this article. This shows that satellite 

images have high accuracy and efficiency in analyzing natural or manmade phenomena.  

 



Geography and Environmental Hazards 34 )2020) 
  

27 

Keywords: Heat Island, Land Surface Temperature, Split Window Algorithm, Land Use 

Changes, Urmia 

References: (In Persian) 

Alavipanah, S.K. (2011). ایی الا یای   عکساصول  نوش ا اور ن یل و   سیرتصسوی  ص هیالان    [Principles of 

modern remote sensing and interpretation of satellite images and aerial photographs]. Tehran, 
Iran: Tehran University Press. 

 Amiri, R., Alimohammadi, A., & Alavipanah, S. K. (2007). وهییی حصانت  -ی سغتتصپذ صی فضووی یهطیلعه

ایی حصانسی   ایعکینوویی شوویصی سبص ب بی انووهییر  او رار رن انسبیط بی کینبصی/ پلشووا وهتو رن هشط ه TM   ETM+ 

 Study of spatio-temporal variability of temperature in relation to land use / land cover] لشدنوو 

in Tabriz urban area using thermal and reflective data TM and ETM + Landsat]. Journal of 

Environmental Science, 33(43), 107-120.  

Arsalani, M., Azizi, Gh., & Khoshakhlagh, F. (2012) ین کصهییشی  بیونیوی سغتتصات رهیی حداکثص انه           

ایی رنخهیبی  انوووهییر  او ح  ه  [Reconstruction of maximum temperature changes in Kermanshah 

province using tree rings]. Journal of Geography and Environmental Hazards, 1(1), 97-110.   

Feizizadeh, B., Dideban, Kh., & Gholamniya, Kh. (2016). ی بصآ نر رهیی نووطز وهتو بی انووهییر  او هیالان  

ی آبص ب هیویبوویری هلنری: حلضوووهی ه با. هطویلعوه  الگلن هم پش ص  8.لشودنووو    [Earth surface temperature 

estimation using Landsat 8 satellite and split window algorithm. Case study: Mahabad 
catchment]. Geographical Information Scientific-Research Quarterly, 25(98), 171-181. 

Hashemi Darrebadami, S., Darvishi Bolourani, A., Alavipanah, S.K., Maleki, M., & Bayat, R. 

(2019). ی ی نش شد ی حصانسی نوطل  شویصی رن ن و   شب بی انهییر  او هحوللیت دشدوهییهسح تل سغتتصات جب ص  

ی هلنری: ک ییشوویص سیصانیلعههیر س.هط  [Analysis of thermal island changes of urban surfaces in day 

and night using MODIS multi-time sensor products (Case study: Tehran metropolis)]. Journal 

of Applied Research in Geographical Sciences, 19(52), 113-128. 

Javan, Kh. (2013).  ایی و ر  اق تمیبصننی اق تم گصرشگصی شیص ان هته بی انهییر  او شیخص . [Exploring tourism 

climate of Urmia city using bioclimatic indicators]. Zagros Vision Geography and Urban 

Planning Quarterly, 5(16), 83-96. 

Maleki, S., shojaeiyan, A., & Farahmand, Gh. (2018). وهییی جبا ص حصانسی رن  –پذ صی فضووی یانو یبی سغتتص 

ی هلنری: شووویص ان هتهایی شووویصیط هطیلعهانسبیط بی کینبصی  [Evaluation of spatio-temporal variability of 

thermal islands in relation to urban land uses, Case study: Urmia]. Geographical Information 

Scientific-Research Quarterly, 27(105), 183-197. 

Rasouli, A. A.  (2008). ایهبییی نووش ا او ر ن کینبصری بی سیکتد بص پصراوت سوووی  ص هیالان    [Fundamentals of 

applied remote sensing with emphasis on satellite image processing].Tabriz, Iran: Tabriz 

University Press.         

Sadeghinyia, A., Alijani, B., & Ziyaeian, P. (2013).  ی حصانسی ک ییشوویص سیصان بی سح تل فضووی ی وهییی جب ص

 Spatial-temporal analysis of the thermal island of] انووهییر  اونووش ا اور ن  نووترووهم اغ یعیت جغصافتی ی

Tehran metropolis using remote sensing and GIS]. Journal of Geography and Environmental 

Hazards, 1(4), 1-17. 



Geography and Environmental Hazards 34 )2020) 
  

28 

Valizadeh Kamran, Kh., Gholamniya, Kh., Eynali, Gh., & Mousavi, S. M. (2017).  بصآ نر رهیی نطز

ی هلنری شیص ی ه با   سح تل نگصنتلن دشد ههغتص  هطیلعهوهتو   انوهرصا  جبا ص حصانسی بی انوهییر  او الگلن هم پش ص 

 Estimation of surface temperature and extraction of thermal islands using a splite] .ویوو ووین

window algorithm and multivariate regression analysis (Case study of Zanjan city)]. Journal 

of Urban Research and Planning, 8(30), 35-50.  

References: (In English) 

Abou Elmagd, I., Ismail, A., & Zanty, N. (2016). Spatial variability of urban heat islands in Cairo 

City, Egypt using Time Series of Landsat Satellite Images. International Journal of Advanced 
Remote Sensing and GIS, 5(3), 1618-1638. 

Asadi, Y., Ezimand, K., Keshtkar, H., & Alavipanah, S. K. (2019). A survey of landscape metrics 

and land-use / land-cover structures on urban heat islands surface: A case study on Urmia City, 
Iran. Desert Journal, 24(2), 205-218. 

 Department of the Interior US Geological Survey. (2019). Landsat 8 (L8) Data Users Handbook, 

LSDS-1574 Version 5.0.  
Du, Ch., Ren, H., Qin, Q., Meng, J., & Zhao, Sh. (2015). A practical split-window algorithm for 

estimating land surface temperature from Landsat 8 Data. Remote Sensing Journal 7(1), 647-

665. 

Gibson, P. (2000). Introductory remote sensing principles and concepts. London, England: 
Routledge. 

Hua, L., & Wang, M. (2012). Temporal and spatial characteristics of Urban Heat Island of an 

Estuary City, China. Journal of Computers, 7(12), 3082-3087. 
Jin, M., Li, J., Wang, C., & Shang, R. (2015). A practical split-window algorithm for retrieving 

land surface temperature from Landsat 8 Data and a case study of an urban area in China. 

Remote sensing, 7(4), 4371-4390. 
Kaplan, G., Avdan, U., & Yigit Aavdan, Z. (2018). Urban heat island analysis using the Landsat 

8 Satellite Data: A case study in Skopje, Macedonia. Multidisciplinary Digital Publishing 

Institute Proceedings, 2(7), 1-5.  

Oluseyi, I., Danlami, M. S., & Olusegun, A. J. (2011). Managing land use transformation and 
land surface temperature change in Anyigba Town, Kogi State, Nigeria. Journal of Geography 

and Geology, 77(3), 77-85.   

Rongali, G., Keshari, A. K., Gosain, A. K., & Khosa, R. (2018). Split-window algorithm for 
retrieval of land surface temperature using Landsat 8 Thermal Infrared Data. Journal of 

Geovisualization and Spatial Analysis, 2(2) 1-19.  

Rose, A. L., & Devadas, M. D. (2009). Analysis of land surface temperature and land use/land 

cover types using remote sensing imagery a case Inchennal city, India. Paper presented at The 
Seventh International Conference on Urban Climate, Yokohama, Japan. 

Sobrino, J. A., Jime´nez-Munoz, J. C., & Paolini, L. (2004). Land surface temperature retrieval 

from Landsat TM5. Remote Sensing of Environment, 90(4), 434–440.  
Xiao, R. B., Ouyang, Z. Y., Zheng, H., Li, W. F., Schienke, E. W., & Wang, X. K. (2007). Spatial 

pattern of impervious surfaces and their impacts on land surface temperature in Beijing, China. 

Journal of Environmental Sciences, 19(2), 250–256. 


