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Abstract: Urban Heat island phenomenon that occurs in some 

major cities to Indonesia can be caused by several factors like a 

construction of high building, land cover change and air 

pollution by motor vehicles. The phenomenon of small climate 

change in urban areas such as the city of Surabaya, the province 

of Jawa Timur can cause rising surface temperatures that can 

impact the decline in health and environmental degradation. 

This research was conducted to know the dynamics of land cover 

change, and dynamics of the vehicle to surface temperature in 

Surabaya city. Methods that are in use are a spatial analysis of 

multi-temporal imagery and analysis by using statistical data. 

The data used in surface temperature analysis and land cover 

analysis in the form of vegetation is Landsat-8 (OLI/TIRS) 

during the recording period from 2014 to 2019 and vehicle 

dynamics data. The results showed a change of land cover with 

an estimated area of 2989,8 ha, a rise in surface temperature 

with an estimate of 3.95 
0
C, and with the increase in a several of 

vehicles by  929.225 units from 2013 until 2018. Large surface 

temperature shows the areas with crowded activities such as 

settlements area, industrial zone, and government zone. 

 

Keywords : Urban Heat Island, Land Cover Change, Number 

of Vehicles, Land Surface Temperature 

I. INTRODUCTION 

The phenomenon of the occurrence of microclimate 

change is strongly influenced by human activities that 

continue to reduce the surface of the earth's vegetation that 

causes the environment to change mainly into terrestrial 

ecosystems in the urban or local scale that Specifically 

characterized by increased surface temperature [1]. The 

rapid development of the city with increasingly dense 

population conditions, build-up areas or settlements that tend 

to be more widespread, as well as the more complete 

transportation facilities of the city as a supporting economic 

and social activities, caused the condition surface 

temperature in cities is higher compared to the surrounding 
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region or urban heat island [2]. The condition of surface 

temperature dynamics that continue to increase to while can 

be caused by the presence of exhaust emission of motor 

vehicles, industrial, and change from land covered. The 

land-use change factor will directly affect the evaporation 

rate, absorption of solar radiation, heat storage, the thermal 

transmission of soil, and earth temperature surface 

temperature [3]. This also resulted in changes in atmospheric 

composition that were near the surface, water balance, and 

process of environmental interaction in urban areas that 

directly also lowered the level of urban public health [1].  The 

dynamics of motor vehicles for the urban areas that each year 

increase can decrease air quality of leave by the emission of 

exhaust gases like a lead (PB), carbon dioxide (CO2), carbon 

monoxide (CO), hydrocarbon (HC), Nitrogen oxide (NO), 

and Sulfur dioxide (SO2) which could have an impact on 

changes in atmospheric composition. Carbon dioxide (CO2) 

is one type of pollutant that is the most atmospheric in the 

atmosphere that is produced by motor vehicles and makes the 

layer of atmospheric more thickened [4]. 

The changes in the microclimate as well as the global 

consequences of increasing exhaust emissions in the 

atmosphere significantly affect climate variation in a long 

time. A considerable amount of carbon dioxide gas in urban 

environments generated by transportation activities can 

cause a greenhouse gas effect on the balance of radiation 

energy in the troposphere and surface temperature earth [5]. 

The dynamics of surface temperature in urban areas 

generally align with the growth conditions of urbanization, 

industrialization, economic and social pace.  

Urban areas in East Java with the high economic growth 

rate are Surabaya City that serves as the center of government 

in the East Java Province. Surabaya City as the center of 

government, industry and economic activities resulted in the 

increase of land use and air pollution by motor vehicle 

activities. Changes in land cover of unawakened land or 

vegetation into awakened land or alignment with the use of 

building materials that that have good heat absorbent ability 

and with low albedo causing the surface temperature to rise. 

The analysis of vegetation density, motor vehicle dynamics, 

and surface temperature should be carefully examined, 

associated with the urban buffer system. The observation of 

vegetation density, vehicle dynamics, and surface 

temperature can be a remote 

sensing data with 

multi-temporal and 

multi-spectral resolutions 
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that combine with qualitative statistical analyses of motor 

vehicles dynamics [6].  

Land Surface Temperature (LST) estimate study from the 

infrared (band) sensor is analyzed mathematically to 

determine the value of radians, while the value of vegetation 

density data is retrieved by means of the Normalized 

Vegetation Difference Index (NDVI) method of statistical 

relations between NDVI from visible/infrared bands (NIR) 

and emissivity in infrared band wavelength [7]. These three 

pieces of information will be used to analyze the causal 

factors of urban heat island phenomena in urban areas. 

Therefore, the purpose of this study is to know cause that 

affected dynamics of surface temperature in Surabaya city 

from 2014 – 2019. 

II. LOCATION AREA 

Surface temperature studied located in Surabaya city 

which is the government capital of East Java Province, 

Indonesia. The region is geographically located at the 

coordinates of  at 07° 09' 00"– 07° 21' 00" (SL) and 112 

°36'-112°54'(EL). The city has a large enough area of 326.81 

km² which is divided into 31 districts and 154 villages with a 

population of more than 3 million inhabitants. The city has a 

tropical climate of an average rainfall of 165.3 mm. 

Conditions in wet months such as January-March and 

November-December, rainfall intensity can touch the highest 

point of more than 200 mm with air temperatures that range 

from 23.6 °C - 33.8 °C [8].  

III. RETRIEVAL DATA SOURCE 

The process of surveying the vegetation density and 

surface temperature data is done by utilizing satellite data 

imagery Landsat-8 (OLI/TIRS) obtained from (USGS) with a 

sampling location in Surabaya City. Detailed information 

about Landsat-8 (OLI/TIRS) characteristics used, seen in 

Table-I. The shooting period was done for 6 years namely 

with a selection of data source retrieval times based on cloud 

cover conditions, region spatial parameters, temporal 

resolution, data availability and spectral resolution. One of 

the most complete of Landsat satellite imagery is the 

intermediate spatial resolution which is suitable for use of 

city-scale and accessible. Analysis of increasing motor 

vehicles for the do descriptively with data obtained from the 

BPS Surabaya city and BAPENDA Provinsi Jawa Timur 

from 2013 years to 2018 years [8], [9]. While the air quality 

data is getting from DIKPLHD Provinsi Jawa Timur.  

 

Table-I. Specification of Landsat-8 (OLI/TIRS) imagery. 

Data Time Spectral   

Band 

Spatial 

Resolution 

Acquisition 

Parameters 

   

Source 

29 June 2014 

16 June 2015 

4   July 2016 

24 August 

2017 

36 July 2018 

13 July 2019 

 

Band – 

Thermal 

(B10) 

Band – 

Thermal 

(B11) 

Band – Red 

(B4) 

Band NIR 

(B5) 

 

100 (30) m 

30 m 

30 m 

30 m 

 

AOI 

(Minimum 

Cloud 

Cover < 

5%) 

 

    

USGS 

    

USGS 

    

USGS 

    

USGS 

IV. DATA RETRIEVAL ANALYSIS TECHNIQUES 

OF LST AND NDVI 

Analysis of the characteristic phenomenon of urban heat 

island in urban areas, LST becomes an important part of the 

heat transfer modeling of vegetation-atmospheric-soil in the 

dynamic ecosystem of terrestrial environments [10]. 

Software used in data analysis and  image processing using 

ESRI Software® ArcMap™ v. 10.3 and IBM SPSS® 

software. The digital number conversion to imagery becomes 

TOA radiance [11], with the equation formula:  

                                                                

ALQcalMLL                                                          (1) 

The TOA radiance conversion becomes a kinetic 

temperature (LST) with Kelvin temperature units, the 

equation of the formula: 
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Kinetic T Conversion in Kelvin to Celsius unit with 

equation formula: 

 

(T kinetic Celsius = T – 273.15)                                                 (3)  

 

The vegetation density value is determined by NDVI indexes 

with classifying range of values-0.40-0 (body water), 0 – 0.2 

(land awakened low density), 0.2 – 0.4 (mixed vegetation) and 

> 0.4 (full vegetation) [12]. NDVI vegetation index Formula 

[13] : 
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Calculation of LST and NDVI correlation values refers to the 

following two-equation formulas. 

      

 
   

1
,






N

jZjkiZik
jiCov



         (5)
 

             
 

ji

jiCov
jiCorr



,
, 

            (6) 
 

Data significance testing is done using the T-test method, 

where data is rated significantly when T-count > T-table 

[14]. 

V. CORRELATION ANALYSIS 

Data correlation is done qualitatively descriptive with the 

analysis of the relationship between vegetation density data, 

the dynamic number of motor vehicles, air quality of three 

sampling points and surface temperature dynamics in 

Surabaya city. The number of vehicles data used from the 

year 2013 to 2018, while the air quality of the city of 

Surabaya is taken at three points location is Jl. A. Yani 

Surabaya, Perum Medokan Asri Utara Surabaya, and 

Rungkut Industri Raya Surabaya [15]. 
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VI. RESULT AND DISCUSSION 

Retrieval of Surface temperature data  (LST) and NDVI in 

the city of Surabaya, East Java Province using Landsat-8 

(OLI/TIRS) imagery with the period of captured is 29 June 

2014, 16 June 2015, 4 July 2016, 24 August 2017, 36 July 

2018 and 13 July 2019. The period of image captured based 

on the main parameters is small cloud cover and data 

availability. The result of a spatial distribution pattern of 

vegetation density and surface temperature in the city of 

Surabaya in years 2014 – 2019 can be seen in (Fig. 1.). The 

result of vegetation density showed in 2014-2019 Surabaya 

City showed very dynamic.  

The highest concentrations of vegetation density (NDVI) 

occurred in 2014 with vegetation density (NDVI > 0.4) 

amounting to 37, 24% of the total area of the region with an 

area of 12,114.54 ha. While in 2018 there was a significant 

decline in high vegetation density of only about 23, 97% with 

an area of 7,799.58 ha. The period in 2019 increased by 

4.07% with an area of 9124.74 ha. The dynamics of land use 

of Surabaya city is very fast in the area of residents and cities 

such as Simokerto district, Krembangan district, Sawahan 

district and industry area in Rungkut district.  

The spatial distribution pattern of surface temperature 

(LST) of Surabaya City (Fig. 1.), is seen fluctuating 

temperature change and tends to increase from 2014 to 2019. 

The lowest surface temperature occurred in 2014 with an 

average temperature of 22.41 0C and an area reaching 88% or 

29452.59 ha. The highest surface temperature occurred in 

2018 with an average temperature of 35.92 0C with an 

average increase of each year by 3.95 0C. Regions with 

temperatures ranging from 25 – 27 0C are in areas with low 

density and motor vehicle activity in some districts including 

Mulyorejo, Sukolilo, Rungkut, and Gunung Anyar. For more 

information see in (Table-II). 

The ratio of the motor vehicles each year continues to 

increase from 2014 – 2019 by 929,225 units, with the highest 

number of vehicles being in the period 2018 reaching 

2,729,640 units, which can be seen in (Fig. 2.). The 

increasing intensity of motor vehicles resulted in the amount 

of gas in the atmospheric layer. Measurement of air quality is 

done with three sampling points located in settlements 

(Medokan Asri, Rungkut District), roadside (JL. Ahmad 

Yani, Gayungan District), and area industry (Rungkut Raya, 

Rungkut District) with parameters CO, SO2, NO2, TSP, O3, 

and PM10. The number of concentrations of CO2, NO2 and 

TSP (Total Suspended Particulate) occupies the highest order 

on the roadside location (JL. Ahmad Yani, Gayungan 

District) amounted to 22,376 μg/Nm ³, 8.92 22,376 μg/Nm ³ 

and 781.6 μg/Nm³. The highest concentrations of O3, SO2 

and PM10 are in settlement areas (Medokan Asri, Rungkut) 

with values of 40.7 μg/Nm ³, 14.9 μg/Nm ³, and 110.03 

μg/Nm³ [15].  

 

 
Fig. 1. Spatial distribution of NDVI and LST in Surabaya City 

 

Table-I: Data of minimum, maximum, average and standard deviation values of LST and NDVI 

 
NDVI LST 

Years Min Max Average Std.Dev Min Max Average Std.Dev 

2014 -1,00 1,00 0,34 0,22 13,06 28,17 22,41 2,60 

2015 -0,80 1,00 0,32 0,20 18,65 34,36 27,62 1,92 

2016 -0,81 1,00 0,30 0,24 15,65 33,87 27,41 3,04 

2017 -0,85 0,94 0,30 0,20 24,03 39,75 32,53 2,50 

2018 -0,64 0,87 0,28 0,18 22,47 44,33 35,92 2,87 

2019 -0,80 0,90 0,29 0,19 18,49 36,19 30,12 2,12 
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Fig. 2. Various dynamics of LST, NDVI, number of motor vehicles and air quality in the city of Surabaya 

 

The concentration of the gas causes the atmospheric 

layer to thicken, then the gas absorbs and reflects the wave 

of solar radiation that is radiated from earth, then the 

resulting heat energy is stored on the earth surface. The 

relationship between these three parameters is the change 

of vegetation cover with awakened in urban areas will 

cause energy from solar radiation stored on the surface of 

the earth. It is supported by an increase in motor vehicles 

resulting in decreased air quality. This makes the surface 

temperature of the Earth in urban areas hotter than other 

regions or commonly called urban heat island 

phenomena. 

 

 
Fig. 3. Chart of a linear regression between LST and NDVI 

 

Table-IV: The relationship of land surface temperature and NDVI. 

Years          R-stat R-table Samples Description Direction         Strength  

2014 -0.45176 

0.32 

  

38 

  

Significance Negative Intermediate-Strong 

2015 -0.37127 Significance Negative Weak 

2016 0.182408        Not Positive Very Weak 

2017 -0.55243 Significance Negative Intermediate-Strong 

2018 -0.45736 Significance Negative Intermediate-Strong 

2019 -0.52676 Significance Negative Intermediate-Strong 

 

 The correlation coefficient between LST and NDVI per 

year from 2014 to 2019 in Table-IV.  The correlation is 

negative in direction every year, but in the year 2016 is 

positive. It shows the higher the NDVI value, the LST is 

potentially getting down. The positive direction in the year 

2016 is influenced by the presence of clouds so that the 

extraction of LST and NDVI is not maximal which results in 

the correlation direction being positive. The significance test 

indicates that each correlation obtained is significant by the 

average correlation has strong enough relationship strength, 

except in the year 2016.  

Based on the regression chart in Fig. 4., the highest 

coefficient of determination was in the year 2017 with a value 

of R2 0.3052 and 1:1 a negative directional plot. This shows 

that the predictor variable of 

the NDVI value has a 30.52% 

impact on LST decline and is 

significant, 
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 the remaining 69.48% is affected by other factors outside 

the predictive variable. The impact on rising surface 

temperatures is very complex among them environmental 

degradation, agricultural, health, and urban heat island. The 

solution is to do a reforestation of the city park and roadside, 

reforestation of the river, mangrove planting, strengthening 

the regulatory and increased public awareness [16].  

VII. CONCLUSION 

The results showed the potential for having a relationship 

between vegetation density (NDVI), number of vehicles, and 

surface temperature (LST) associated with urban heat island. 

The vegetation density spatial distribution has decreased by 

9.19% or 2989.8 hectares for 6 years. This is followed by the 

number of vehicles increased by 999,225 units from the year 

2014 – 2019, which is in line with the decline in urban air 

quality. Both factors affect the surface temperature that has 

an average hike of 3.95 0C. The reforestation program, 

environmental monitoring, and regulatory reinforcement are 

crucial for tackling the urban heat island phenomenon.  
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