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Abstract: Anthropogenic heat discharge not only constitutes the cause of urban heat island (UHI) formation, but
also is an important indicator related to energy consumption. It is important to analysis the magnitude and
variation of anthropogenic heat discharge in order to mitigate UHI effect and improve energy efficiency. This
paper examined the spatio-temporal variation of anthropogenic heat discharge in the Xiamen Island, China using
Landsat TM data and meteorological data. First, the anthropogenic heat discharge was estimated with a remote
sensing- based surface energy balance model. Then, the urban functional regions derived from IKONOS data
were combined with the anthropogenic heat discharge. The results indicate that the anthropogenic heat discharge
in different types of urban functional regions reaches the maximum in summer and the minimum in spring. The
anthropogenic heat discharge of industrial area was higher than those in the other regions for all seasons. The
high anthropogenic heat discharge occurred in the old industrial bases in the west of Xiamen Island. In traffic
area, high anthropogenic heat discharge was observed in the Changan Road, Jiahe Road, Chenggong Avenue,
Xianyue Road, North Hubin Road-Lvling Road, South Hubin Road-East Liangian Road. In residential area, high
anthropogenic heat discharge was observed in the old town. The high anthropogenic heat discharge occurred in
the large single buildings in commercial and public area. Overall, the anthropogenic heat discharge in the
western part of Xiamen Island was higher than that in the east. The differences of spatial and seasonal
distribution were closely related to land cover types, population and the degree of economic development.
Moreover, the density and height of the buildings and materials of land cover change the amount of
anthropogenic heat discharge by affecting other surface fluxes. This paper brings a more microscopic perspective

by analyzing the spatio-temporal variation of anthropogenic heat discharge in different urban functional regions
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to study urban thermal environment and energy utilization, as well as to provide a theoretical basis for promoting
urban sustainable development.

Key words: anthropogenic heat discharge; spatio-temporal variation; urban functional regions; surface energy
balance; Xiamen Island
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Fig. 1 The study area of Xiamen Island

10 731 H (FkZ) . AR AFSE X E Tt
= R BT EGR . GLASS idls ™ il 45 AT KL
BRI A CA A BRI R VT ALATIRE R (http://

E} '

glass-product.bnu.edu.cn) , 5% 7 Sinusoidal #% 52 , %5
[B] 73 40 5 km, IF[E] 73 B4 3 h™ IKONOS 52
PRI A 4 2009 4F 1 7 18 H , Ay 44 B, 42
FEAS T HER 4 m ) 34 22 0k i B S A5 1) 43 3
FN 1 m R,

Jir A Landsat TM 5212 F1 GLASS %4 7 i ¥k
F WGS-84 M BRFIEE T, 45 2] 1E 5] UTM $55%2 4
FR&R JFERAEN 30 m PR, EHRE KRN
WFFEIX TM AR5 6 il E bR S, RIK A4 B
My HER (AR X)) (B b b FTE TR (18] 2) .
FLOE KA 4 SRR R R A R
83.3% .87.2% . 88.3% .87.8% , Kappa & ¥ Kk F
0.8, 15 % Landsat TM 04 ) 70 28 RE BE 22K, EXT
IKONOS S AT JU B IE Bt il 2 ), i
H ALAR PR B R X 0o Tk X A X R S A
LY X S X 4 PR T DI RE X (F3) .

Bk 1 SR AR A9 0 T AL R
W KRR R R SR B . AR EE
KA TETTH ARG MRS O B R /N B I 4
P, e BCH TP 5 Landsat T™M T3 33 35 i (8] AH 3T 79
MIEsR (K1) o BT HA DR SR %



74 XUFEEE A ST IR RE P Y S5 ] S ks D RE X eI A 1029

B kh AR R 0 At I Ah B MR

[E2 2009 4[5 T 5 AN [A) ZE4 TM S48 1 R 252545 5L 14

Fig. 2 Land use and cover classification maps of Xiamen Island in four seasons in 2009 derived from the TM data
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Fig. 3 Land use and cover classification maps of Xiamen
Island in 2009 derived from the IKONOS data
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Tab. 4 Averages and maximums of anthropogenic heat discharge for different types of urban functional regions on four seasons
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Fig. 4 Anthropogenic heat discharge distribution for built-up area of Xiamen Island in four seasons in 2009
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Fig. 5 Anthropogenic heat discharge distribution for industrial area of Xiamen Island in four seasons in 2009

5 FURK R R A HE I 25 (8] 153 A 25 57
mk,ﬁ]%@%ﬁ%1{tkﬁﬁ@ﬁkﬁk%¢k?
200 W/m?, KB/ TF 200 Wm?, A b, 5 PR
TS 0 A 5 28 300 DX A0 P 8 A T i 8 1 28 D o
DX 43 1 N kg AACHE T U 2 v A DX
PRI A 3o 46 Ji A XN T B v 5028 1, T T AR 1Y)
fig R 22 R N Sy BACHE R i L T AR
TR, 3R B, ASFI 5 4G 2 ) A HG R s PR A
AL, T B A BH 8 5 0 B SRR R W
ZRYRE R A A a8, A IR K

il B 2N I i [X N R #HE s o A B A
128 [ 22 5k (B 8) . B L S A L%
Jiti DX A A TR 2 8] | A 55 (HAZ AR
HE 3B AE TP AE 100~300 W/m? 22 [] , 111 45 25 ] 3
/NTF 100 W/m? s 5Bk 25 4 AR $0GHE Jil 23 8] 43 A
LK, N HIE R & s 5, Ay #AHE
T DX A 35 T R )55 P A Bl B A JE ik

D<o AR b 0T AL v ) 2 I B R L 7K™
T AR DX, TR EY SMRTREL L Kk 42l g Rl AN
BT TR ol 2R S B I DY e —
T N BRI g fELIX o 3 4 e A L s e
TR AR o e AROR ELEE U v P S 3
%, 3 BB o8 1 i R 58 R A2 AL 32 i 1
T S AT SR A A A R HE T B0 5 e 5 )
I b AR N 4 T AR, ELA TR sl 3
A FAHE S o

43 HRBEWERIT L

B T30 T A A 2 A B AR X 1 A 25 5 A
ff 19 25 8] 23 A7 S B AT LAs /b 1 338 i i £ 53
R, HREE T2l i GBI, ZIKjC
FIH T — G L E il o5 A B R A 53 258
Jﬂ:ﬁﬂ‘é%ﬁﬂi@??{ﬁi%E@i&%iﬁiﬂ%fﬁiﬁﬁ*ﬁ
U9 W Tl 1) I e e I A fE A B
G 1Y) b R 1 ST 25 R S R AR T ST A SR



74 XUFEEE A ST IR RE P Y S5 ] S ks D RE X eI A 1033

HZ

NAPHEHAE/(W/m?)
I 0-100 [ 100~200 [ ]200~300 [N 300~400 [N 400~500 —— !

K6 2009 4F AR 2= 15 5838 XA FAHER i 1

Fig. 6 Anthropogenic heat discharge distribution for traffic area of Xiamen Island in four seasons in 2009
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Fig. 7 Anthropogenic heat discharge distribution for residential area of Xiamen Island in four seasons in 2009
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Fig. 8 Anthropogenic heat discharge distribution for commercial and public area of Xiamen Island in four seasons in 2009
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Tab. 5 Heat fluxes ratios to net radiation between the

present study and previous studies

FEIX 1] H/R,  LER, A
2009-01-13 0.47 0.02 1033
2009-03-18 025 0.01 34.4
2009-06-06 038 0.02 1066
2010-10-31 0.34 0.02 66
2012-10-11 0.39 0.18 -
2001-06-16 0.8 0.23 78
2000-07-10  0.56 0.02 99
2000-12-08  0.46 0.02 82
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