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ABSTRACT

This study aimed to validate the ASTER surface temperature using field measurements 

over various land use types in the urban area of Changwon City, South Korea. The 

ASTER surface temperature was measured by collecting eight images during daytime and 

nighttime in June and September from 2012 to 2014, and field measurements were 

conducted over the same period when the satellite images were taken. The analyses 

showed that the surface temperature measured in the field during the daytime was higher 

than that of satellite imageries by 5~10℃, and the gap was higher in built-up areas. The 

calibration models of surface temperature showed a 60% explanatory power in areas other 

than parks, indicating that the models are reliable. During nighttime, except for the 

summer month of August, ASTER surface temperature was determined to be approximately

2℃ higher in contrast to daytime. 

KEYWORDS : Remote Sensing, ASTER, Geographic Information System, Surface Temperature

요    약

본 연구는 대한민국 창원시의 도시지역을 대상으로 현장에서 측정된 표면온도자료를 활용하여 

토지이용유형별로 ASTER 표면온도 자료의 정확성을 분석하고 보정모형을 도출하고자 하였다. 토

지이용유형은 공원과 상업시설, 단독주택, 아파트를 고려하여 총 8개를 선정하였다. ASTER 표면

온도는 2012년부터 2014년까지 6월과 9월에 촬영된 주간 및 야간의 8개 영상을 수집하였고, 현

장측정은 위성영상이 촬영된 시간과 동일한 시기에 실시하였다. 또한 현장에서 측정된 표면온도의 
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방사보정을 위해 5일 동안 21개의 토지피복재질에 대해 방사율을 측정하였다. 주간시간은 현장에

서 측정된 표면온도가 위성영상의 것보다 약 5~10℃ 정도 높았고, 건물의 밀집된 지역일수록 차

이가 큰 것으로 분석되었다. 표면온도 보정모형은 도시공원을 제외한 나머지 지역에서 설명력이 

60%로 모형의 신뢰성이 있다고 분석되었다. 야간시간은 여름철인 8월을 제외하고 주간시간과 반

대로 ASTER 표면온도가 약 2℃ 다소 높은 것으로 분석되었다. 그러므로 위성영상의 표면온도를 

활용하기 위해서는 반드시 현장자료를 바탕으로 정확성을 검증하고 보정할 필요가 있다. 본 연구

의 결과는 이러한 측면에서 매우 의미가 있으며, 앞으로 도시지역의 열섬 문제를 개선하기 위해 

도시 및 환경계획 분야에서 활용가치가 뛰어날 것으로 생각된다. 

주요어 : 원격탐사, ASTER, 지리정보시스템, 표면온도

Introduction 

An urban heat island(UHI) refers to a 

location where air temperatures differ by 

more than 2℃ between urban areas and 

rural areas(Oke, 1987; Roth et al., 1987; 

Ichinose et al., 1999; Hung et al., 2006). 

The UHI effect is being accelerated with 

the increasing use of artificial land cover 

materials in expanding urban development 

(Kalnay and Cai, 2003; Chen et al., 2006) 

and increasing emissions of artificial heat 

from industrial activity and increasing 

number of vehicles(Song and Park, 2014). 

Because of this phenomenon, the number 

of days with abnormal climate conditions 

such as heat waves and tropical nights in 

summer are increasing, which leads to 

negative effects on the health and quality 

of life of urban dwellers(Harlan et al., 

2006; Chen et al., 2009; Lafortezza et al., 

2009; Ng et al., 2012).

Recently, various studies have been 

conducted to investigate the issues caused 

by UHIs, and in particular, studies have been 

conducted by utilizing surface temperature

data from thermal infrared satellite imagery.

Thermal infrared satellite imagery is taken 

with a 8–14μm wavelength sensor(Gillespie

et al., 1999). Satellite imagers currently in 

operation equipped with thermal infrared 

sensors include MODIS(Moderate Resolution

Imaging Spectra radiometer), Landsat TM/ 

ETM+, and ASTER(Advanced Spaceborne 

Thermal Emission and Reflection Radiometer)

with the TIR(thermal infrared) subsystem. 

Because each of these satellite images has 

diverse spatial and temporal resolutions 

and  facilitates long-term observation of 

surface temperature, such technology can 

be effectively utilized to identify the 

characteristics of heat island distributions 

in relation to urban expansion and other 

types of spatial change. Relevant preceding 

studies have analyzed the correlation bet- 

ween physical environmental elements and 

surface temperatures from satellite imagery

(Hung et al., 2006; Kato and Yamaguchi, 2 

007; Buyantuyev and Wu, 2010; Li et al., 2

011; Sobrino et al., 2012; Klok et al., 2012)

and have also predicted air temperatures 

of urban areas by utilizing the correlations 

between surface temperatures from satellite

imagery and field-measured air temperatures

(Vogt et al., 1997; Prince et al., 1998; Hall 

et al., 2008; Nichol, 2009; Vancutsem et al., 

2010; Fu et al., 2011; Benali et al., 2012; 

Kloog et al.., 2012; Wenbin et al., 2013; 

Kourtidis et al., 2015). The aim of these 
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studies was to develop diverse measures 

to help mitigate the heat island effect 

during urban and environmental planning.

However, as the spatial resolution of 

thermal infrared satellite imagery is relati- 

vely low or medium(MODIS: 1,000m, Lan- 

dsat TM: 120m, Landsat ETM+: 60m, AS-

TER: 90m), accurate understanding of the 

surface temperature of urban areas with 

diverse spatial characteristics is limited. 

For this reason, preceding studies have 

examined the accuracy of surface temper- 

atures from thermal infrared satellite 

imagery through diverse methods (Nichol, 

2009; Hartz et al., 2006; Rigo et al., 2006; 

Yu and Hien, 2006; Lagios et al., 2007; 

Mihalcea et al., 2008; Sabol et al., 2009; 

Gillespie et al., 2011; White-Newsome et 

al., 2013; Sobrino et al., 2012). Most pre- 

ceding studies compared surface temper- 

atures in the field simultaneously with 

satellite imaging and selected multiple 

points of field measurements for inclusion 

in a single pixel of imagery. However, 

because land cover materials of urban areas

are diverse and complex, previous studies 

can only partially judge the accuracy of 

surface temperature data of satellite 

imagery. To improve the methodology of 

preceding studies, Song and Park(2014) 

selected urban target areas by considering 

eight types of land use and measured 

surface temperatures at 360 sites in the 

field with diverse types of land cover 

materials in an effort to analyze the 

accuracy of ASTER surface temperatures by 

use of imagery taken from June to Sep- 

tember 2012. Then, they calculated the 

average surface temperatures within a 90 

-m GRID with the same spatial resolution 

as the satellite imagery and compared 

these data to the imagery-based surface 

temperatures corresponding to approxima- 

tely 120 pixels.

This study aimed to validate the 

accuracy of surface temperature data from 

thermal infrared satellite imagery by 

considering diverse timeframes and by 

adding more ASTER surface temperature 

data and field measurement data to the 

dataset of Song and Park(2014) and, going 

further, to develop linear regression models

for surface temperatures from thermal 

infrared satellite imagery based on field 

measurements.

Materials and Methods

1. Study sites

This study was carried out to analyze 

the accuracy of determining surface temp- 

eratures from thermal infrared satellite 

imagery and to develop calibration models 

by selecting representative land use types 

in the downtown areas of Changwon City 

(35°14′01.02″N, 128°41′19.95″E)(Fi- 

gure 1). Changwon City is a large city 

with more than 1 million inhabitants, and 

its downtown areas are approximately 

125.91㎢ in area and have approximately 

500,000 inhabitants(Song and Park, 2012). 

As the city was developed under gover- 

nment plans in the 1980s, Changwon have 

been clearly identified based on the road 

division(Song and Park, 2014). Changwon 

displays the characteristics of an oceanic 

climate with four distinctive seasons, and 

the annual average temperature and preci- 

pitation are approximately 15℃ and 1,395㎜, 

respectively(Lee et al., 2010). However, 

because mountains of approximately 600m 
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(a) (b) (c) (d)

(e) (f) (g) (h)

FIGURE 1. Urban area of Changwon City and measurement sites 

(a) Changwon University campus, (b) Urban park 1, (c) Urban park 2, (d) Low-rise apartment, 

(e) Commercial facility, (f) Single residential, (g) High-rise apartment, and (h) Lawn square

in altitude surround the area from three 

sides, the area has geological characteristics

similar to a basin. Furthermore, the area is 

densely developed with a national industrial 

complex, a CBD (Central Building district), 

and high-rise apartments, and this devel- 

opment contributes to heat waves, a tropi- 

cal night phenomenon where the lowest 

temperature is more than 25℃ at night, 

and UHIs in the summer, which negatively 

affects the life and health of its inhabitan- 

ts(Song and Park, 2010).

As analysis sites, eight areas representing

the land use types of Changwon were 

selected, as shown in Figure 1. Area (a) 

is the Changwon University campus. Five 

buildings of approximately 10m in height 

are spaced widely apart, and land cover 

materials are composed of sidewalk brick, 

lawn, and trees. Area (b) is an urban park 

with a small pond, and the land cover is 

mainly composed of trees, lawn, and water 

surfaces; the area surrounding the park 

contains roads paved with asphalt. Area 

(c) is an urban park like Area (b), but it 

is an open space area without a pond. 

Area (d) contains a concentration of five- 

story, low-rise apartment buildings, and 

the land cover material is mainly asphalt. 

Area (e) has a large mobile population and 

high-rise commercial facilities; the buildi- 

ngs are mostly 40–50m in height and are 

spaced 10m apart. Area (f) is a single- 

residential area with a concentration of 

two-story buildings. Area (g) is a high- 

rise apartment area with buildings that are 

more than 50m in height; it is a medium 

density area. Area (h) is 100m2 square in 
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size with a homogeneous lawn and open 

space; a few buildings are located near by, 

and there is very high automobile traffic.

2. Collection of spatial data

1) Satellite imagery

For satellite imagery data, the Level 

2B03 product(surface kinetic temperature) 

of the ASTER thermal infrared band was 

used. ASTER, which is onboard the Terra 

satellite, consists of three sensors, SWIR 

(shortwave infrared), VNIR(visible and near

infrared), and TIR, and it analyzes radiance

with 14channels(Gillespie et al., 1999). The

TIR product is generated at channels 10–14

(8.15–11.65µm)(Kato and Yamaguchi, 2007).

After measuring the radiation energy using 

the TIR sensor, the ASTER 2B03 product, 

which is a surface temperature indicator, 

carried out atmospheric correction of the 

atmospheric absorption errors due to gre- 

enhouse gases and water vapor, and in 

connection with the ASTER 2B04 product, 

which has the emissivity data according to 

land cover material, the errors were fully 

corrected through the Temperature-Emis- 

sivity Separation (TES) algorithm(Gillespie 

et al., 1999; Hartz et al., 2006).

In this study, in addition to four daytime 

and nighttime images taken in 2012 for the 

study by Song and Park(2014), surface 

temperature data of daytime and nighttime 

ASTER imagery was obtained as shown in 

Table 1; these data were captured under 

clear climate conditions with few clouds 

during the summer season of June through 

September 2014. Daytime images were 

taken at approximately 2:20 P.M(UTC+9), 

and a total of five images were obtained. 

A total of three nighttime images were 

obtained, and these were taken at 1:30 

A.M(UTC+9). The collected imagery data 

went through geometric correction and 

coordinate transformation with the Geodetic 

Reference System(GRS) 80 by application 

of the image-processing program PG- 

STEAMER v. 4.2(which is produced by the 

Pixoneer Corporation).

Time Date Local time (UTC+9)

Daytime

07/28/2012 02:10 P.M.

09/23/2012 02:16 P.M.

06/29/2013 02:21 P.M.

08/09/2013 02:20 P.M.

08/12/2014 02:22 P.M.

Nighttime

09/21/2012 01:31 A.M.

09/28/2012 01:37 A.M.

08/14/2012 01:33 A.M.

TABLE 1. ASTER images used in this study 

2) Land cover data. 

A 2009 land cover map from the 

Changwon Environmental Atlas at a 1:1,000

scale was used as basic land cover data. 

Then, 21 land cover types were selected 

according to the color of land cover mate- 

rials through aerial photographs(spatial res-

olution: 10cm) and site surveys(Figure 2). 

During daytime, shaded areas are created 

by buildings and trees, and these areas 

show a significant difference in surface 

temperature from sunny areas with a 

continuous inflow of solar radiation energy 

(Kato et al., 2010). Therefore, daytime 

land cover data were constructed through 

additional analysis of shaded areas. Data 

were analyzed through the Hillshade feature

of the ArcGIS 9.3 program by use of DTM 

(digital terrain model) data extracted from 

LiDAR(light detection and ranging) images 

with 1m of spatial resolution. As shown in 
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(a) (b) (c) (d)

(e) (f) (g) (h)

● measurement point

90m Vector GRID

FIGURE 2. Land cover and measurement points for each site

(a) University campus(106 points), (b) Urban park 1(88 points), (c) Urban park 2(92 points), 

(d) Low-rise apartments(86 points), (e) Commercial facilities(102 points), (f) Single residential 

(66 points), (g) High-rise apartments(82 points), and (h) Lawn square(6 points)

Date and time Azimuth Altitude

07/28 at 02:10 P.M. 188°31ʹ40.10ʺ 63°52ʹ51.60ʺ

09/23 at 02:16 P.M. 220°47ʹ57.60ʺ 44°17ʹ04.40ʺ

06/29 at 02:21 P.M. 251°21ʹ09.80ʺ 62°51ʹ09.30ʺ

08/09 at 02:20 P.M. 238°26ʹ40.80ʺ 62°51ʹ09.30ʺ

08/12 at 02:22 P.M. 230°26ʹ28.50ʺ 61°29ʹ22.70ʺ

TABLE 2. Sun’s azimuth and altitude angles for the overpassing times of the ASTER 

satellite during daytime 

Table 2, the analysis was performed by 

entering the solar altitude and azimuth 

values corresponding to the shooting times 

of the ASTER images taken during daytime 

(KASI, 2017).

3. Measurement of Surface temperature

Field measurements of surface temperature

were carried out simultaneously with the 

shooting of satellite imagery. Measurement 
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points were selected according to the type 

and component ratio of land cover materials

and in consideration of the measurement 

time at each site, as shown in Figure 2. In 

the study by Song and Park(2014) meas- 

urements were conducted in a total of 

seven areas, excluding urban park 2, and a 

total of 360 points were selected from the 

following locations: 78 points on the univ- 

ersity campus, 64 points on urban park 1, 

53 points on the low-rise apartment area, 

63 points on the area with commercial 

facilities, 41 points on single-residential 

areas, 55 points on the high-rise apartm- 

ent area, and 6 points on the lawn square. 

In this study, more points were added to 

the dataset so that there was a total of 

628 points from the following locations: 

106 points on the university campus, 88 

points on urban park 1, 92 points on urban 

park 2, 86 points on the low-rise apart- 

ment area, 102 points on the area with 

commercial facilities, 66 points on single- 

residential areas, 82 points on the high- 

rise apartment area, and 6 points on the 

lawn square (Figure 2). The measurement 

time was approximately 30 minutes before 

and after the satellite imagery was taken, 

and each site was measured simultaneously 

for approximately 1 hour at 02:00–03:00p. 

m. for daytime and 01:00–02:00a.m. for 

nighttime.

One of the field measurement staff was 

deployed to each site to measure surface 

temperature at an elevation of 10cm above 

the Earth surface in the vertical direction 

with a thermal infrared thermometer (Testo

381, accuracy: ±1.5℃, emissivity: 0.95). 

In addition, building roof surfaces of the 

single-residence area were measured with 

a thermal imaging camera (TE, accuracy: 

±0.2℃, emissivity: 0.95). With regard to 

weather conditions, air temperature, relative

humidity, and wind speed were measured 

by use of a pocket weather tracker (Kestrel

4500, accuracy of air temperature: ±1.0℃, 

wind speed: ±3%, relative humidity: ±3% 

RH) at each measurement point where 

surface temperatures were collected.

4. Comparison of ASTER surface temperature

Figure 3 shows the method used for 

comparing ASTER surface temperatures 

with field-measured surface temperatures. 

Field-measured average surface tempera- 

ture was calculated within a vector GRID 

of 90m×90m that was identical to the 

spatial resolution of the ASTER imagery. 

Then, the field-measured temperature was 

compared with each ASTER surface tem- 

perature pixel corresponding to the same 

location. Average surface temperature based

on field measurements was calculated by 

substituting the area ratio of each land 

cover type within the vector GRID and 

surface temperature data by land cover 

type measured in the field into Formula 

(1). As surface temperature was measured 

in the field with thermal infrared therm- 

ometer by setting the emissivity to 0.95, a 

calibration was performed by applying the 

emissivity value of each land cover type 

measured in previous studies (Table 3).

 
 

 









×
(1)
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FIGURE 3. Method of comparing ASTER surface temperature imagery 

with field-measured average surface temperatures 

Land   cover Emissivity

Roof tile (brown) 0.9021)

Roof tile (black) 0.9021)

Roof tile (green) 0.9021)

Wooden deck 0.9102)

Sand and bare 0.8981),3)

Sidewalk brick 0.9302)

Water 0.9851)

Trees 0.9901)

Cement 0.9602),3)

Asphalt 0.9651),3)

Green roof 0.9781)

Urethane 0.9602)

Lawn 0.9781)

Concrete 0.9141),3)

Concrete roof (green) 0.9141),3)

Concrete roof (gray) 0.9141),3)

Tile 0.9703)

Flagstone 0.9204)

Granite 0.8982),3)

Source : 1) Sobrino et al.(2012)
          2) Omega, 2017
          3) The Engineering ToolBox, 2017
          4) Fronapfel and Stolz(2006)

TABLE 3. Emissivity by each land 

cover types 

Here, εi refers to emissivity of the i 

material, Tsi indicates the surface temper- 

ature of the i material, and Ai indicates the 

area ratio of the i material.

The zonal statistics function of the 

ArcGIS 9.3 program was used to analyze 

surface temperature pixel values of the 

ASTER imagery corresponding to the same 

position of surface temperature based on 

field measurements established within the 

vector GRID. Field-measured surface te- 

mperature established within the vector 

GRID and surface temperature of ASTER 

imagery were compared through the RMSE 

(roof mean square error) in Formula (2) 

and linear regression analysis. Then, based 

on the linear regression equation and 

coefficient of determination per land use 

type, a calibration model of ASTER surface

temperature based on field measurement 

was derived. 
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℃ 





 






(2)

Here, n indicates the number of GRIDs, 

Yimagery indicates the surface temperature of 

ASTER imagery, and Ymeasured indicates the 

field-measured surface temperature.

Results and Discussion

1. ASTER surface temperature

Figure 4 is the result of extracting 

surface temperature from ASTER. The 

highest temperature during daytime was 

between 55℃ and 60℃ in South Korea’s 

summer season months of June and August, 

and the temperature decreased slightly to 

47.7℃ in September when autumn was 

approaching. In a forested area with gree- 

nery, the surface temperature was appro- 

ximately 20℃, which was lower than that 

of urban areas. The difference between 

the highest and lowest surface temperature 

was approximately 10℃ during nighttime, 

which was significantly small considering 

that the gap was approximately 40℃ during

daytime. Furthermore, the area where high 

temperatures were recorded was significa- 

ntly smaller compared with daytime. How- 

ever, on the midsummer night of August 

14, the area where high surface tempera- 

tures of more than 30℃ were recorded 

was distributed widely, similar to daytime. 

This tropical night phenomenon is believed 

to have occurred on August 14 because 

radiant heat excessively accumulated during

daytime, and the mean nighttime tempera- 

ture was actually very high, i.e., the tem- 

perature was approximately 27℃(Changwon

Disaster and Safety Headquarters, 2017).

Meanwhile, in the daytime imagery of July 

28, 2012 and June 29, 2013, low-temper- 

ature areas among single-residence, high- 

rise apartment, and commercial facility 

areas were caused by cloud effects.

Table 4 shows the results of calculating 

the average values of ASTER surface 

temperatures by the study target areas. In 

urban park 1(41.2℃) on July 28, 2012 and 

urban park 2 on August 12, 2014 during 

daytime, the average surface temperature 

was higher than that in other areas. This 

difference is believed to be because of the 

relatively small size of the parks and the 

influence on the parks from artificial heat 

generated by nearby vehicles, as there are 

many roads with heavy traffic adjacent to 

the parks. In the commercial facility area 

with closely located high-rise buildings, 

relatively high temperatures were registered

(07/28: 38.2℃, 09/23: 32.1℃, 08/09: 39.9 

℃, 08/12: 38.0℃), except on June 29 be- 

cause of cloud effects. High temperatures 

were also recorded in single-residence 

areas with a very high density of asphalt 

and low-rise buildings (7/28: 37.3℃, 9/23: 

32.2℃, 6/29: 35.3℃, 8/9: 40.1℃, 8/12: 38. 

5℃). Relatively high temperatures were 

recorded in the commercial facility area 

(09/21: 19.4℃, 09/28: 19.0℃, 08/14: 285℃)

and low-rise apartment area(09/21: 19.0℃,

09/28: 18.7 ℃, 08/14: 28.2℃) with a high 

density of artificial cover materials during 

nighttime, similar to the daytime. Urban 

park 1 (09/21: 17.3℃, 09/28: 17.8℃, 08/14:

26.1 ℃) and the university campus(09/21: 

17.0 ℃, 09/28: 16.5℃, 08/14: 25.9℃), with

abundant trees and green areas, were 

confirmed to be low-temperature areas.
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<ASTER surface temperature imagery at daytime>

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(a) 07/28/2012

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(b) 09/23/2012

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(c) 06/29/2013

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(d) 08/09/2013

(a)

(b)

(c)

(d)

(e)

(f)
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FIGURE 4. Surface temperatures extracted from ASTER images

(a) University campus, (b) Urban park 1, (c) Urban park 2, (d) Low-rise apartment, 

(e) Commercial facility, (f) Single residential, (g) High-rise apartment, and (h) Lawn square
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Site
Daytime Nighttime

07/28/2012 09/23/2012 06/29/2013 08/09/2013 08/12/2014 09/21/2012 09/28/2012 08/14/2013

UC 38.9 30.4 33.3 37.4 35.7 17.0 16.5 25.9

UP1 41.2 30.4 36.2 38.2 32.5 17.3 17.8 26.1

UP2 - - 36.5 38.6 40.2 - - 27.5

LA 39.9 31.5 36.7 39.8 38.8 19.0 18.7 28.2

CF 38.2 32.1 31.5 39.9 38.0 19.4 19.0 28.5

SR 37.3 32.2 35.3 40.1 38.5 17.7 18.5 28.0

HA 31.9 29.8 36.2 38.4 36.6 18.7 19.2 28.2

LS 41.2 32.0 36.4 40.2 38.6 17.6 17.3 27.3

UC: University campus, UP1:   Urban park 1, UP2: Urban park 2, LA: Low-rise apartments, 
CF: Commercial   facilities, SR: Single residential, HA: High-rise apartments, LS: Lawn square

TABLE. 4 Mean surface temperature(℃) derived from ASTER imagery at each site

2. Surface temperature of land cover

Table 5 shows the results of calculating 

surface temperatures measured in the field 

by land cover type. During daytime, shaded

areas and points of erroneous measureme- 

nt values were excluded from the analysis. 

Land cover materials recording the highest 

surface temperatures during daytime were 

wooden decks (07/28/2012: 69.0℃, 09/23/ 

2012: 52.2℃, 06/29/2013: 62.0℃, 08/09/2 

013: 62.9℃, 08/12/2014: 64.8℃), followed 

by urethane (07/28/2012: 66.2℃, 09/23/20 

12: 49.3℃, 06/29/2013: 54.0℃, 08/09/201 

3: 57.8℃). In general, artificial cover mat- 

erials such as asphalt, cement, artificial turf,

and concrete registered high temperatures. 

Conversely, natural materials such as water,

trees, lawn, and green roofs recorded 

temperatures less than 40℃, which was 

approximately 20℃ lower on average than 

the temperatures of artificial cover mater- 

ials. Standard deviations of sand, bare 

sidewalk brick, and lawn were higher than 

those of other land cover materials, 

depending on the measurement points. A 

variety of cover materials such as gravel 

and mud are mixed, and deviations of 

temperatures for such materials can be 

high because of the difference in moisture 

content at each measurement point. In 

addition, the roof concrete of buildings and 

green roofs showed higher temperatures 

than the same materials located on the 

Earth’s surface. This difference is supp- 

osedly a result of the continuous inflow of 

solar radiation energy to building roofs, 

whereas the inflow of solar radiation 

energy is relatively small on the Earth’s 

surface because partial shading by buildi- 

ngs and trees leads to lower temperatures. 

In terms of color, dark-colored roof tiles, 

e.g., black and brown, recorded higher 

temperatures than bright-colored green 

roof tiles; this is because darker colors 

accumulate more radiant heat on the 

surface because of low emissivity.

During nighttime, surface temperatures 

did not vary significantly, depending on the 

land cover type, compared with daytime. 

However, artificial materials such as 

cement(09/21/2012: 20.4℃, 09/28/2012: 1 

9.0℃, 08/14/2013: 30.9℃), asphalt (09/21/ 

2012: 19.6℃, 09/28/2012: 18.7℃, 08/14/2 

013: 31.2℃), concrete(09/21/2012: 19.7℃, 

09/28/2012: 18.8℃, 08/14/2013: 30.1℃), 

and granite(09/21/2012: 21.4℃, 09/28/201 

2: 19.3℃, 08/14/2013: 29.4℃) were asso- 
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Land cover
type

Daytime Nighttime

07/28/2012 09/23/2012 06/29/2013 08/09/2013 08/12/2014 09/21/2012 09/28/2012 08/14/2013

N M. S.D. N M. S.D. N M. S.D. N M. S.D. N M. S.D. N M. S.D. N M. S.D. N M. S.D.

Metal roof 1 44.5 - 1 36.8 - 1 48.0 - 1 50.0 - 1 52.1 - 1 19.1 - 1 17.0 - 1 26.0 -

Roof tile 
(brown)

12 55.9 5.2 7 47.7 4.0 12 37.5 3.9 12 55.8 4.2 12 35.9 0.8 12 15.6 0.6 12 13.6 1.7 12 26.7 0.8

Roof tile
(black)

6 57.4 7.0 6 46.9 5.1 9 36.6 4.0 9 56.4 5.9 9 36.9 0.6 6 15.6 1.8 6 15.0 1.3 9 27.2 0.6

Roof tile 
(green)

1 51.7 - 1 41.5 - 1 35.8 - 1 53.5 - 1 35.8 - 1 17.9 - 1 16.9 - 1 27.2 -

Wooden deck 4 69.0 0.6 6 52.2 1.9 14 62.0 7.4 14 62.9 4.2 15 64.8 1.5 9 12.1 3.3 7 12.2 0.6 15 24.1 1.5

Sand and 
bare

20 47.8 6.6 17 30.6 6.5 20 43.6 3.8 23 48.0 1.9 23 34.3 1.0 20 15.7 0.9 20 15.1 0.7 23 26.7 1.0

Sidewalk 
brick

40 50.1 3.9 40 39.3 5.0 82 47.1 3.8 107 50.9 4.2 116 47.9 1.6 47 17.8 2.1 46 17.9 1.2 116 30.0 1.6

Water 6 27.0 0.4 6 21.4 0.8 8 25.1 2.7 8 31.0 0.9 8 26.0 3.7 6 17.3 1.2 6 19.9 0.4 8 26.9 3.7

Trees 47 36.3 2.9 62 25.6 3.2 83 28.4 3.7 81 36.8 3.2 82 30.1 1.2 62 15.0 1.8 64 16.0 1.0 82 26.0 1.2

Cement 1 55.9 - 1 50.3 - 3 48.8 0.7 3 53.3 2.3 3 51.0 1.2 1 20.4 - 1 19.0 - 3 30.9 1.2

Asphalt 75 58.5 4.2 53 45.5 3.7 150 53.1 3.8 153 57.2 3.4 158 54.5 1.2 76 19.6 1.3 75 18.7 1.2 158 31.2 1.2

Green roof 7 40.0 3.9 5 26.2 3.0 4 31.3 1.7 7 42.0 4.2 6 31.0 0.7 7 15.9 1.0 4 16.7 1.0 6 26.5 0.7

Urethane 2 66.2 1.1 2 49.3 0.2 13 54.0 1.6 12 57.8 2.9 13 54.2 3.0 2 15.3 0.1 2 14.4 0.5 13 31.1 3.0

Artificial turf 6 56.1 3.2 6 39.9 1.2 9 57.6 4.1 13 58.3 4.4 15 5.7 2.0 6 17.0 0.9 6 16.8 0.7 15 28.3 2.0

Gravel 14 52.3 3.6 14 37.5 2.4 15 44.8 4.0 16 50.3 3.5 16 47.8 1.2 15 13.9 1.1 15 15.0 1.1 16 27.8 1.2

Lawn 20 39.0 3.7 26 31.2 5.0 49 36.8 4.7 46 41.5 3.3 49 47.8 1.7 27 13.4 2.4 27 14.6 1.3 49 25.1 1.7

Concrete 8 54.2 2.6 8 40.5 2.6 20 47.1 2.8 20 52.7 1.8 20 51.4 1.2 9 19.7 0.8 9 18.8 0.7 20 30.1 1.2

Concrete roof 
(green)

7 57.4 2.4 4 43.0 3.5 6 49.2 2.8 4 58.6 3.6 2 52.5 0.5 5 18.1 1.2 5 18.0 0.6 2 30.7 0.5

Concrete roof 
(gray)

16 58.7 2.7 13 43.7 4.1 12 50.2 3.0 14 55.5 4.2 10 47.3 1.4 15 19.9 2.2 15 18.4 1.8 10 30.8 1.4

Tile 5 48.7 7.0 6 30.5 4.1 26 44.4 6.7 24 50.6 3.5 27 51.4 2.2 6 19.6 1.0 6 17.7 0.4 27 30.0 2.2

Flagstone 5 57.2 1.6 6 42.1 2.3 7 50.4 2.1 7 55.2 2.6 7 39.5 1.4 6 15.7 1.8 6 17.7 0.5 7 28.1 1.4

Granite 1 48.0 - 1 41.3 - 1 44.7 - 1 47.0 -　 1 43.9 - 1 21.4 - 1 19.3 - 1 29.4 　

TABLE. 5 Mean surface temperature by each land cover type 

          (surface temperatures measured in shaded areas at daytime are excluded)

ciated with high temperatures similar to 

daytime. Wooden decks were associated 

with the lowest temperatures during night- 

time, even though such materials had the 

highest temperatures during daytime(09/21 

/2012: 12.1℃, 09/28/2012: 12.2℃, 08/14/2 

013: 24.1℃), and water(09/21/2012: 17.3

℃, 09/28/2012: 19.9℃, 08/14/2013: 26.9℃)

registered relatively high temperatures. 

These results were caused by the heat 

capacity characteristics of land cover 

materials. That is, water heats up and 

cools down relatively slowly despite 

changes in the inflow of external thermal 
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Time Date
RMSE (°C)

UC UP1 UP2 LA CF SR HA LS Mean

Daytime

07/28/2012 10.9 5.6 - 9.8 14.1 15.7 16.6 13.3 12.3

09/23/2012 4.5 4.1 - 4.5 5.3 6.8 5.2 3.8 4.9

06/29/2013 11.0 5.1 5.6 8.1 16.7 10.1 8.4 4.8 8.7

08/09/2013 11.5 7.3 8.2 8.5 10.8 10.8 9.1 7.3 9.2

08/12/2014 4.2 4.8 4.8 4.5 7.4 5.3 5.8 9.5 5.8

Mean 8.4 5.4 6.2 7.1 10.9 9.7 9.0 7.7 8.2

Nighttime

09/21/2012 1.5 2.5 - 1.2 1.6 1.8 1.4 4.0 2.0

09/28/2012 1.8 1.8 - 1.4 0.8 1.2 1.7 4.2 1.8

08/14/2013 3.8 1.7 1.4 1.8 3.1 2.6 1.5 2.6 2.3

Mean 2.4 2.0 1.4 1.5 1.8 1.9 1.5 3.6 2.1

UC: University campus, UP1: Urban park 1, UP2: Urban park 2, LA: Low-rise apartments, CF: Commercial facilities, 
SR: Single residential, HA: High-rise apartments, LS: Lawn square

TABLE 6. Root mean square error(RMSE) of the surface temperature between ASTER 

imagery and field measurements

energy because it has a high heat capacity, 

whereas wooden decks warm up quickly 

but also cool down quickly when the inflow 

of thermal energy is reduced(Song and 

Park, 2012; Arya, 2003). Heat capacity 

characteristics may be the reason for the 

high surface temperatures of water.

3. Comparison of surface temperature 

between ASTER and field measurements

1) RMSE

Table 6 shows the RMSE analysis results

of surface temperature comparisons betw- 

een ASTER imagery and field measurem- 

ents. The RMSE(daytime: 8.2℃, nighttime: 

2.1℃) was higher during daytime than 

during nighttime, and among the daytime 

results, the RMSE was the highest on July 

28, 2012 at 10.7℃, during which there 

was a slight cloud effect in the ASTER 

imagery. In terms of the study target 

areas, the RMSE was higher in the 

commercial facility area(10.9℃), single- 

residence area(9.7℃), and high-rise apar- 

tment area(9.0℃) with high building den- 

sities than in other areas. The gap was 

small in urban parks(5.4℃, 6.2℃) and lawn 

squares(7.7℃), low-rise apartment area 

(7.1℃) with low building densities. Acco- 

rding to preceding studies, Hartz et al. 

(2006) reported that the difference in 

surface temperature was high between 

satellite imagery and field measurements in 

proportion to building density. Barring et 

al.(1985) and Eliasson(1996) also reported 

that the difference in surface temperature 

between satellite imagery and field mea- 

surements was higher by approximately 4–

8℃ in built-up and developed areas than 

in open spaces. According to Voogt and 

Oke(2003), this difference occurs because 

of the limited horizontal surface view of 

satellite imagery in built-up areas. This 

finding is supported by the relatively large 

difference in field-measurement values in 

built-up areas such as the commercial 

facility and high-rise apartment areas in 

this study. Moreover, ASTER imagery can 

sometimes be different from actual surface 

temperatures, as the off-nadir angle of 

ASTER imagery is 22.5°and ASTER 
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measures the surface of the walls of 

buildings instead of the Earth’s surface in 

high-density areas located on the edge of 

the image. During daytime, field-measured 

surface temperatures were higher than 

those from ASTER imageries.

During nighttime, Data from the lawn 

square(09/21/2012: 4.0℃, 09/28/2012: 4.2 

℃, 08/14/2013: 2.6℃) and urban park 1 

(09/21/2012: 1.8℃, 09/28/2012: 3.8℃, 08/ 

14/2013: 2.4℃) were found to have higher 

RMSE values than the other sites because 

roads were located nearby with heavy 

traffic and artificial heat generated by 

vehicles in the field was not measured 

accurately.

2) Linear regression

Figure 5 shows the results for the linear 

regression for ASTER imagery surface 

temperatures based on field-measurement 

data. First, as a result of linear regression 

analysis at each study site during daytime, 

the R2 of the low-rise apartments was the 

highest, at 0.6902, which was followed by 

lower values at the commercial facility(0.6 

846) and  the university campus (0.5111). 

In other areas except for the urban parks, 

R2 was higher than 0.5, which confirms 

that there was a high correlation in the 

surface temperatures between ASTER 

imagery and field measurements. The R2

was very low, i.e., it was measured at less 

than 0.3, in urban parks, supposedly 

because of diverse variables including the 

effect of vehicles on surface temperature, 

which was not measured directly in the 

field because asphalt roads with heavy 

traffic were located near but not in the 

urban park areas(Figure 2). To compare 

these results with preceding studies, the 

following explanatory powers of linear 

regression models should be noted. Nichol 

et al.(2009) conducted a linear regression 

analysis of the surface temperatures from 

ASTER imagery and field measurements 

and obtained 58% explanatory power. 

Mihalcea et al.(2008) compared surface 

temperatures from ASTER imagery with 

those from field measurements targeting 

the same supraglacial cover materials and 

the relationship showed approximately 70% 

explanatory power. White-Newsome et al. 

(2013) compared the surface temperatures 

from Landsat TM 5 imagery and field 

measurements at 18 sites and the expla- 

natory power of linear regression model 

was analyzed to be approximately 24%. As 

a result of generating the calibration 

models for ASTER surface temperatures in 

this study, the model’s explanatory power 

was low, i.e., less than 30%, in urban 

parks but higher than 50% at the other 

sites, which is similar to or slightly higher 

than the results obtained in preceding 

studies. High explanatory power of the 

regression model was achieved because 

the types of land cover materials in urban 

areas were considered more precisely here 

than in previous linear studies; additionally, 

the characteristics of the urban space were

reflected as much as possible by directly 

measuring surface temperatures at appro- 

ximately 600 field-measurement points and

conducting radiometric calibrations. Night- 

time was associated with very high expla- 

natory power of more than 90%, except 

for the 0% explanatory power of urban 

park 2 that was analyzed by utilizing data 

from a single timeframe on August 14, 

2013. The reason the explanatory power 

was high is that the results of the linear 
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<UC> <UP1> <UP2> <LA>

<CF> <SR> <HA> <LS>

Daytime

<UC> <UP1> <UP2> <LA>

<CF> <SR> <HA> <LS>

Nighttime

FIGURE 5. Linear regressions of surface temperatures between ASTER imagery 

and field measurements at daytime

(UC: University campus, UP1: Urban park1, UP2: Urban park2, LA: Low-rise apartment, 

CF: Commercial facility, SR: Single residential, HA: High-rise apartment, LS: Lawn square)
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R2

Month UC UP1 UP2 LA CF SR HA LS

August 0.0698 0.3952 0 0.0056 0.4666 0.1548 0.0043 0.5850

September 0.0916 0.2874 - 0.0307 0.0975 0.0011 0.0102 0.0721

UC: University campus, UP1: Urban park 1, UP2: Urban park 2, LA: Low-rise apartments, CF: Commercial facilities, 
SR: Single residential, HA: High-rise apartments, LS: Lawn square

TABLE 7. Coefficients of determination(R2) for the surface temperature linear regression 

between ASTER and field measurements for each land use during nighttime 

regression analysis captured the factors 

that affect temperature differences over 

time since the average surface temperat- 

ures differed by approximately 8℃, for 

example, the temperatures were 28.2℃ in 

August and 16.8℃ in September, as shown 

in Table 4. Therefore, as a result of cal- 

culating the explanatory power of linear 

regression by classifying the timeframe 

into August and September, as shown in 

Table 7, low explanatory powers of less 

than 50% were shown at all sites, except 

for at the lawn square(0.5850) and com- 

mercial facilities(0.4666) in August. This 

outcome may have occurred because surf- 

ace temperature does not show distinct 

differences in such situations depending on 

the type of land cover materials. Moreover, 

nighttime temperatures are greatly affected 

by artificial heat released from vehicles and 

air conditioners in homes or as a result of 

industrial activities(Sobrino et al., 2012), 

which were not reflected in this study.

Therefore, the linear regression of surf- 

ace temperature from nighttime satellite 

imagery must be complemented by collec- 

ting additional data over more diverse 

timeframes and varying transmissions of 

artificial heat.

Conclusion

In this study, a total of eight datasets of 

ASTER satellite imagery-based surface 

temperatures were collected during daytime

and nighttime to analyze the accuracy of 

surface temperature data from thermal 

infrared satellite imagery currently used in 

the analysis of UHI effects. An RMSE and 

linear regression analysis was conducted 

for each land use type by measuring the 

surface temperature in the field and 

satellite imagery simultaneously. Summary 

of the results is as follows.

1. Surface temperatures measured in the 

field were higher than those from the 

satellite imagery during daytime.

2. The RMSE was very high in the 

commercial facility, single residence, 

and high-rise apartment areas with 

high building densities, 

3. The explanatory power of linear 

regression was high and reached 

approximately 60% at all sites other 

than the urban parks

The analysis on the accuracy of the 

surface temperatures regarding ASTER 

imagery, along with the configuration of a 

linear regression based on diverse time- 

frames and land use types, confirmed that 

the surface temperature of the satellite 

imagery was significantly different from 

the surface temperature measured at the 

actual field sites. The gap was confirmed 
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to be higher in areas developed with dense 

high-rise buildings because actual urban 

spaces have three-dimensional character- 

istics as the result of the heights of 

buildings and trees, as well as topographic 

characteristics, whereas satellite imagery 

detects only two-dimensional characteris- 

tics of the Earth’s surface. Furthermore, 

most thermal infrared satellite imagery 

cannot reflect spatial characteristics of the 

Earth’s diverse surfaces in an accurate 

manner because of the low spatial resol- 

ution. Therefore, the accuracy of surface 

temperature data from satellite imagery 

needs to be validated and calibrated on the 

basis of field-measured data. In this 

regard, the results of this study are 

believed to be valuable for the study of 

UHIs utilizing satellite imagery.

The study results must be complemented

by collecting additional data from more 

diverse timeframes. The nighttime had 

problems because only two timeframes of 

August and September were considered. 

Thus, more diverse timeframes must be 

added and the accuracy of satellite ima- 

gery must be validated not only for sum- 

mer but also for each season. Furthermore, 

the emissivity of each land cover material 

was not only used to verify the accuracy 

of the surface temperature indicated on the 

satellite image and to formulate the 

correction model, but also to study the 

effect of urban heat island. Therefore, 

more exact data on emissivity should be 

collected by using an emissivity measure- 

ment device. Satellite imagery is becoming 

more useful in urban and environmental 

planning efforts to reduce UHI effects. 

Against this backdrop, plans will be 

required to cope with abnormal climate 

conditions such as heat waves and tropical 

nights in urban areas and improve the 

thermal comfort of urban dwellers. This 

can be done by predicting air temperature 

distributions near the Earth’s surface by 

linking the outcomes of the study with 

non-climate data and analyzing the balance 

patterns of radiation energy in relation to 

diverse spatial characteristics. 
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