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Analysis of Surface Temperature on Urban Green Space
Using Unmanned Aerial Vehicle Images*
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This study analyzed the surface temperature characteristics of urban green spaces
under high summer temperatures to clarify the functions of green spaces in reducing
urban temperatures. We obtained accurate surface temperature data using high—
resolution unmanned aerial vehicle images of the survey site, which was an isolated
green space in the city. We analyzed differences in the surface temperature by land
cover type, vegetation type, species type, and the relationship between surface
temperature and vegetation volume. Based on the results, among the land cover types,
wetlands and forests had low temperatures and paving areas had very high temperatures.
Regarding vegetation type, broad—leaved trees had lower temperatures than coniferous
trees in forests. However, in planted areas, coniferous trees had lower temperatures than
broad—leaved trees. The temperature of long grass was higher than that of short grass,
which suggested that the volume of grass affected the temperature. Regarding forest
species type, the temperature of broad—leaved Robinia pseudoacacia forest and mixed
broad—leaved forest was lower than coniferous Pinus densiflora forest. There was a
slight difference in temperature between R. pseudoacacia forest and mixed broad—leaved
forest. The analysis of the relationship between vegetation volume and temperature by
forest species type indicated a negative correlation, where the temperature decreased
with increasing vegetation volume, similar to the results of previous studies. However,
we found a weak positive correlation in K. pseudoacacia forest; therefore, an increase in
volume may not reduce the surface temperature depending on the dominant species.

KEYWORDS - Thermal Infrared Image, Land Cover, Vegelation, Forest Species, Vegetation Volume
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FIGURE 1. Location map of survey site(red dot)
(Source: Esri, 2017)

Legend

- Developed area - Forest

l:l Farm land

]:l Bare land E Survey Site

l:l Grass land - Water

FIGURE 2. Land cover map of survey site
(Source: Ministry of Environment, 2013)
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TABLE 1. Features of UAV and thermoMAP camera

ltems Features
Weight Approx. 0.69g
Wingspan 96cm
UAV Maximum flight time 50 minutes
RGB camera SONY-WX(18.2MP)

Ground Sampling Distance(GSD)

Down to 1.5¢m per pixel

Image size

640%512 pixels

Scene temperature -40C~160C
thermo - -
MAP Temperature resolution 0.1C
Temperature calibration Automatic, in—flight
Operating altitude 50~150m

FIGURE 3. RGB image of survey site
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TABLE 2. Comparison of internal and external temperature of built up area, lksan on

18th August

Division Temperature(C) Difference(C)
Daily maximum Intemna) 36.3 1.5
External 34.8
Mean Internal 35.8 16
(13:00~16:00) External 34.2 )

FIGURE 4. Internal and external location of AWS
in built up area, lksan(%: Internal, ¢: External)
(Legend and source are same as figure 2)
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TABLE 3. Status of surface temperature

TSrL:::)a??J) Area(r)  Ratio(%) M=SD
3202~3/3 13000 238 36.570.55
37.3~393 19195 349 38.19+0.53
393~419 8800 16.0 40.42+073
HO9~445 5555 10.1 43.14+0.79
45~475 4015 73 45.80+0.84
475~508 2420 44 49.01+0.94
508 ~ 556 1,430 26 52.45+1.05
55.6 ~ 68.3 495 0.9 58.71+2.14

Tota 55,000 1000  40.1974.33

lo 25 50 100 i

| — — Veters

[ 50.8 - 55.6 i
M 55.6-68.3 |

FIGURE 5. Surface temperature map of survey site
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TABLE 4. Area and ratio of survey site by spatial type

Land cover type Vegetation type Area(m) Ratio(%)

A1. Conifer 10,644 19.4

A. Forest A2. Broad—leaved 7,539 13.7
Subtotal 18,183 33.1

B1. Conifer 8,992 16.3

B. Planting area B2. Broad—leaved 7,673 14.0
Subtotal 16,666 30.3

C1. Long 2,270 4.1

C. Grass C2. Short 3,155 5.7
Subtotal 5,425 9.9

D. Wetland 9,306 16.9
E. Paving 2,223 4.0
Total 51,802 94.2

10 25 50 100
A e \eters

Legend

A: Forest(A1: Conifer, A2: Broad—leaved),

B: Planting area(B1: Conifer, B2: Broad—leaved),

C: Grass(C1: Long, C2: Short), D: Wetland, E: Paving

FIGURE 6. Status map of land cover & vegetation type
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TABLE 5. ANOVA result of surface temperature by land cover type

Surface Temp.(C)

Games—Howell post hoc test

Type M+SD Welch ANOVA (Mean difference, Sig.)(p<0.01)
A. Forest 37.69+0.92 BCE.74. 000)
B. Planti 63£3.2 DU
aning area 41.6373.20 F2=12055.02 C¥B(0.82, .000)
C. Crass 42.46+3.48 _
p=0.000 B>A(3.94, .000)
E. Paving 51.20+4.48 ’

a. Asymptotically F distributed.
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TABLE 6. ANOVA result of surface temperature by vegetation type

Surface Temp.(C)

Games—Howell post hoc test

Tyoe M*SD Welch ANOVA (Mean difference, Sig.)(p<0.01)

Al. Conifer forest 38.03+0.76
A2. Broad—leaved forest 37.1970.91 ggigf%gg 888;
B1. Conifer planting area 41.44+3.21 Fe=6257.15 DU

. - B1>C1(0.16, .234)
B2. Broad—leaved planting area 41.90+3.16 p=0.000 C1AT(3.25. .000)
C1. Long grass 11.8+2.67 AT>A2(0.84, .000)
C2. Short grass 43.24+3.72

a. Asymptotically F distributed.
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TABLE 7. ANOVA result of surface temperature by forest species type

Surface Temp.(C)

Games—Howell post hoc test

Type M*SD Welch ANOVA (Mean difference, Sig.)(p<0.01)
. Pi i 14£0.52
e denflom [orest__ o F=1681.42 AT1B22(0.94, .000)
. Robinia pseudoacacia .010. p=0.000 B22>B21(0.18, .000)
B22. Mixed broad—leaved forest 37.19+0.63

a. Asymptotically F distributed.
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TABLE 8. Correlation between the vegetation volume and surface temperature by forest

species type

Tyoe Al1. B21. B22.
w Pinus densiflora forest Robinia pseudoacacia forest Mixed broad—leaved forest
Vegetation
volume (DHM/ ) 14.35+1.73 13.27+1.92 12.54+1.89
M=SD
Surface Temp.(C) i i 4
M+SD 38.14+0.52 37.01£0.44 37.1910.63
Pearson coefficient =417 181 %% —.466%*
Sig. (2—tailed) .000 .000 .000
N 2612 485 693

=+ Correlation is significant at the 0.01 level(2—tailed).
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