stAGsH It Vol. 31, No. 1(2022), pp.63~74 J. Environ. Impact Assess. 31(1): 63~74(2022) ISSN 1225-7184
https://doi.org/10.14249/eia.2022.31.1.63

Research Paper

Comparison of Two Methods to Estimate Urban
Sensible Heat Flux by Using Satellite Images

Sang-Hyuck Kim* - Dong-Kun Lee**

Dept. of Landscape Architecture and Rural System Engineering, Seoul National University, Seoul, South Korea, Student™
Dept. of Landscape Architecture and Rural System Engineering, Seoul National University, Seoul, South Korea, Professor**
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Abstract: In order to understand the urban thermal conditions, many studies have been conducted
to estimate the thermal fluxes. Currently sensible heat fluxes are estimated through various
methods, but studies about comparing the differences between each method are very insufficient.
Therefore, this study try to estimate the sensible heat flux of the same area by two representative
estimation methods and compare their results to confirm the significance and limitation between
methods. As a result of the study, the heat balance methods has a great advantage in terms of
resolution but it can not consider the anthropogenic heat flux, so sensible heat flux can be
underestimated in urban areas. When estimating based on physical equation, anthropogenic heat
flux can be considered and the error is relatively small, it has a limitations in time and space
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resolutons. The two methods showed the largest difference in industiral areas where anthropogenic
heat fluxes are high, with an average of 135 W/m? and a maximum of 400 W/m?2. On the other
hand, the green and water have a very small difference with and average of 20 W/m2 The results
between two methods show significant differences in urban areas, it is necessary to select a suitable
method for each research purpose.
Keywords: Urban heat island, Heat balance, Sensible heat flux, Anthropogenic heat
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Figure 1. Unshade ratio distribution of Suwon, Korea on
August 26th, 2017 1100 KST.
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Korea on August 26th, 2017 1100 KST.
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Table 1. OHM empirical coefficients for individual surface
covers (Grimmond & Oke, 2002)

Land cover a a a3
Building 0.12 0.39 -7.17
Road 0.61 0.41 -27.7
Impervious surface 0.7 0.33 -38.0
Bare soil 0.37 0.42 -349
Lawn 0.32 0.54 -274
Forest 0.11 0.11 -12.3
‘Water 0.5 0.21 -39.1
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& Oke, 2002).

Table 2. latent heat flux coefficients for individual surface

covers

Land cover o p
Building 0.0 20
Road 0.2 20
Impervious surface 0.2 20
Bare soil 0.4 20
Lawn 0.8 20
Forest 1.0 20
Wet land 1.2 20
Water 1.3 20

WA BYs A sk x5S LER S X

%01]/\1 V/Sb 7134—} 719kl whet
ZdollAl= 7120l w2t Table
J—]r e s 7*%1:}(Be1jaars, 1989; Holstag &
Ulden 1989).

Table 3. values for specific temperature

T. (°C) yls
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AA7] Z o= Table
et al. 1988).

Qs =a Qn + aZAQn + asz

Table 4. Roughness lengths for different surface covers

Land cover Z0OM Z0M/Z0H

Water 0.3 * 10 0.34

Bare soil 0.001 50

Field 0.004 50
Grassland or Rice field 0.1 100
Lawn 0.01 50

Forest 0.5-1.0 1000
Suburban 0.5 1000
Urban 1.5 1000
Industrial 0.9 1000




0.
0:
_|O|
k=]
ofn
rH
~
do
0x
02
>
1o
o
)
rol
4n
N
A
o
e
it
[>

Y el e 69

1

o
8 HoPl B O 7 e B B
o, FYTAG} EA] Y| BES FHlo] 1 712
olgich, WX|9] WY Hel g 150.6 W/miE
SA0) BES BY, BUUA, B2 53} v aRe

o 10 W/m? o)/ ko SHEt 9 5290
]

100 W/m? 71) 2ol Beleh, FYTA% BE
4 EWL Hito] 2 142,1 W/m?, 141.8 W/m?& uH
¢ ghe Rolgglont RN 10 W/n? ol 4
of Zpol BT}, ol ArhHOR ABo] He 3
A9 A9 T GFL H7 o} 13 71
2 QI3 1R o] 2 BE4 Eelo] 13 Ay
4oz FUT e ehl o2 welt BE 3
Sgtel A9 BES ERolA] UeRtoL tie)
REELR

3 4] Aofo] ek cwog }iﬂﬂﬂigi

2R LA H]s &

oY % 2 gro] w25 1 k. e 44 3
2 B9 194 GO HFo 2R BT
SuAgo] ZastEITkE A, A3 2 Aol
S A2 <8 w4 Aol PR Y B
A9 B2 e Wolk B9} wort 94

Table 5. Estimated sensible heat flux by heat balance
equation (unit : W/m2)

Landcover Mean Standard deviation
Impervious Surfaces 141.8 97.5
Road 131.5 97.0
Industrial 142.1 85.0
Bare soil 159.6 83.3
Green 36.7 75.8
Water 442 71.6

8/26 1100
Sensible heat ﬂux (W/m2)
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-
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0051 2 3 4

Figure 3. Sensible heat flux distribution of Suwon, Korea
on August 26th, 2017 1100 KST based on heat
balance equation.
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