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The dynamics of surface heat status of Tangshan City in 1993—2009
JIA Baoquan" ™, QIU Erfa', CAI Chunju’

1 Research Institute of Forestry, CAF; Key Laboratory of Tree Breeding and Cultivation, State Forestry Administration; Research Centre of Urban Forestry,
State Forestry Administration, Beijing 100091 , China
2 International Center for Bamboo and Rattan, Key Laboratory of Science and Technology of Bamboo and Rattan, State Forestry Administration, Beijing
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Abstract: The urban heat island ( UHI) phenomenon is not only a common environmental problem in urban landscapes
which affects both climatic and ecological processes, but also one of hot climatic research topics in urban area. Tanshan
city, located in the northern-east of Hebei province, has been undergoing faster economic growth and urbanization compared
with other cities in the region. To combat UHI for the city and provide soundable eco-city development planning, we
retrieved the brightness temperature and relative brightness temperature from Landsat TM thermal-infrared datasets over the
city obtained on August 18, 1993 and August 30, 2009, respectively. The spatial and dynamics of heat field over the
administrative region of the city and sub-regions were analyzed in this paper. The result showed that the surface heat
temperature was higher in the eastern and central part of Tangshan than that in other parts of the city. The most prominent
heat island was mainly observed in the Coastal Low-plain Wetland Conservation Sub-region, Caofeidian Recycling Economy
and New Urban Development Sub-region, and Middle Urban and Village Construction Sub-region. The area of green island
and severe heat island, in terms of relative brightness temperature, has been increased very fast, reaching 38326. 05ha and
25497. 81ha respectively from 1993 to 2009. In addition, the area of very severe heat island was 3. 88 times larger in 2009
than that in 1993. The green open space, one of the most stable thermo patches, has been unchanged by a percent of

77.6% from 1993 to 2009. However, the area of very serve heat island unchanged was only 2.95% while the areas of other
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relative heat temperature classes unchanged under 50% . We also found that the green island patches interpreted from TM
image in 2009 were contributed by 73. 81% from green islands and 23. 11% from slight heat islands. The slight heat island
was contributed by 33.72% from green island and 16. 11% from moderate heat island. The moderate heat island was
contributed by 18.25% from green islands and 39.33% from slight heat islands. For severe heat island, there was only
12.5% of the area in 2009 is from the same type. As for very severe heat island, almost 99% of area in 2009 was newly
produced by 39.4% from green island and 36.35% from slight heat island. We finally discussed the reasons of the surface
heat temperature from NDVI, land use/land cover changes, urban built-in structures, agriculture development, and

industry booming.
Key Words; urban heat island; relative brightness temperature ; dynamics change ; Tangshan
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Fig.1 The distribution of satellite temperature in Kelvin in Tangshan in 1993 and 2009
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Fig.2 The distribution of relative temperature in Tangshan in 1993 and 2009
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Table 1 The percentage of relative temperature in the first class eco-region

1 ALFBAR L R A A IX 3 P IR R A A X
j nm @lz:/:t . ZEP%BqZ[%‘:ﬁijS[X F:—‘]uﬁ( @1 ?J?GE
. Northern low-mountain i . K Southern coastal

Wi H Ttems . . Middle plain eco-region . ;

and hill eco-region plain eco-region

1993 2009 1993 2009 1993 2009

£} green island 63.63 66.87 47.69 48.76 57.97 64.69

B Slight 29.21 25.61 35.38 34.67 29.39 18.76

P AEIUE moderate 6.57 6.09 15.02 12.71 10.79 11.01

TRIEY Severe 0.57 1.39 1.87 3.81 1.83 5.22

SR very severe 0.01 0.04 0.04 0.04 0.01 0.33
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X I 8% —10% AEAT G AL , A XS4 S B H s/ N R 32 e R RGA 3 T 11, 76 % (VG &6 1L BT I 4
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Table 2 The percentage of relative temperature in the second class eco-region

~ =T ) TR ) BT,
— green island Slight Moderate Severe Very severe
1993 2009 1993 2009 1993 2009 1993 2009 1993 2009
11 81.55 72.91 16.57 23.06 1.85 3.66 0.03 0.36 0.00 0.01
12 53.20 63.34 36.57 27.10 9.32 7.51 0.89 1.99 0.02 0.06
21 70.16 58.40 25.70 33.93 3.96 7.01 0.18 0.65 0.00 0.00
22 44.42 43.18 33.89 29.95 18.35 17.69 3.31 9.05 0.03 0.13
23 20.96 30.04 47.85 51.49 28.31 15.50 2.87 2.97 0.01 0.01
24 68.39 76.77 26.36 16.27 5.02 5.71 0.23 1.22 0.00 0.03
25 50.48 40.71 38.02 41.89 9.83 14.67 1.46 2.72 0.21 0.01
31 66.56 61.98 22.40 18.65 9.88 13.28 1.15 5.80 0.00 0.29
32 46.72 68.38 38.48 18.88 12.02 7.91 2.7 4.45 0.01 0.37

11 JEEB R IR K IFIK 327 X northern riverhead conservation sub-region; 12 635252 #f Ak 2R Ge (147 I IX. northern hill forestry conservation
sub-region; 21 PUHEILIAET-JF4E 29 B4\l 3 [X. western piedmont agriculture sub-region; 22 F#3F- Jf £f 2535 81 # % W [X. middle urban and village
construction sub-region; 23 ZRERVP LI RLLEEVAFEIEIX. eastern sand land improved sub-region; 24 5 B #BAE - /K £ 25 & 1A P [X. west-southern
water and soil control sub-region; 25 4« #8 A IR it 4\l . X east-southern equipment agriculture equip; 31 B IR A= 25 R G797 T X
coastal low-plain wetland conservation sub-region; 32 B AL #1285 5 A S UE I A B W IX. Caofeidian recycling economy and new urban construction

sub-region

2.2 JEITT R B () AR AR
2.2.1 xS ANE

HRHE 1993 4F 12009 4F fF LT AR 52 GIS B ik iy e it 25 R W3k 3, MR AT LA 7E 1993 4F Al
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s AR B4 T R AT TR T, 2009 4 AY TREBUE: 1993 AFEAH R LAY 3. 88 %, ik 8 T LTk, &85 AL A3 fin
X T A X S A A S ELA W R 0 2 S, 6 A S T el e i 5, e BRAR ) DX S A % S o7 12 A Bk 5
Kbl Z | REROR B AR A IS, TC I8 R 55 AN 12 2 ROk D> RSOk N AR B AR, AT e
A7 AR IG5 P SRR TR b H R A S AR SR R A, DR B e fa K — R
SR 3 5 10 LA R 555 48 5 o e AR il Tt SR P L[] A SR BR AR AR

#®3 EUWHAMNRES RS/ hn’

Table 3 The area statistics of the relative brightness temperature

I AEGY Classes of urban heat island 1993 2009 AR ML Area changes
41 Green island 747543 785869 38326. 05
5 Slight 442275.4 394907.9 -47367.5
FREEIS Moderate 159063 141630.3 -17432.7

IR Severe 20168. 64 45666. 45 25497. 81

MR AL Very severe 338.49 1314.81 976.32
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2.2.2 JHIITT 1993—2009 45 U0 8l 2% 10 5 B A % B 40 Bt
HR 4 1993 4FF1 2009 4F-Fi L iy AH X 58 i 208 B 800 1993—2009 456 B MR AR FE UL 4,

F4 BEHE1993—2009 F£183 =B L REBITEIERE

Table 4 The transition probabilities matrix of the relative brightness temperature from 1993 to 2009

iy ot g Vot o o
2319 Green island 77.60 17.82 3.46 1.06 0.07
Y Slight 41.06 43.16 12.59 3.08 0.11
HH A Moderate 13.70 41.25 33.43 11.47 0.14
PRI Severe 11.87 25.61 33.81 28.30 0.41
R HAL) Very severe 6.86 20.37 24.75 45.07 2.95

NFE 4 LSRR e () S W BE B2 0 4 9 BB | 1993—2009 4F , HAR 5 AR A5 i i ALk 51 T
77.6% ; 5 AN FaUE I 5B A i A5 L& A AR I TR AR L B3R 21 T 97. 05% 3 HoAh 28 78 7y e 14 4 ke
BN, BT 50% , WIHE REEACH B2 7 R E a0 5 | 559 305 A b A5 3R B 22 Ta) e 46 1 AU K, e 1993
SRR SR TR 17. 8% 54k T 55385 | 55 HS A &Ik 41.06% HIFR M EAR R T 405, 5 IRl i, rh 4
RE N 23 BIAT 41.25% 1 13. 7% R TAREG AL R T 89305 54k 5 o s IS 6 Ak 32 2 R AR e 59 A Al rh 45
P Z ] R AT A A B T 25. 61% F133. 81% , M sm A Fe A iy £ 207 ) sk 30 Se MR A 3] T
45.07% , BT A iR B K 1Y o AN R  S BU A Ak Ry 2 1 5 LA 2R TR R I B IS DR R, &2
UREH T PR SE 5E, BR T DAOAR (Y 5 LV MR iR B0 5 A B AR 1 A 2 D S At 2 A /D B A R i
SIS IE LR, I — T A AR AR E M, 55— J T AR P U0 B T A 0 4 ol 1 PR
2.2.3  JHIITE 2009 ) S BEHOR IR BT

TG 2009 AEAN R 2B T SOBEER (R IEAE O, R GIS T BN T 335 i) 1 6 A3 R 43 BT , 445
W5,

F5 FELTE 2009 £E3 =R RIREBEEERE

Table 5 The patches source analyses of the relative brightness temperature in 2009

e £ 5 A SR s AL
Green island Slight Moderate Severe Very severe
419 Green island 73.81 23.11 2.77 0.30 0.00
B Slight 33.72 48.34 16.61 1.31 0.02
FHEE Y Moderate 18.25 39.33 37.55 4.81 0.06
IR Severe 17.39 29.82 39.95 12.50 0.33
R Very severe 39.40 36.35 17.23 6.26 0.76

MFE S5 BT LIE H,2000 4F &% 15 0 50k J6 O 1993 4F il 436 19 R0 85 4 8%  HOE 40 He 40 3k 73. 819% Al
23. 11% ; 5535 F 2RI T2 B A S8 | LU 53501128 33.72% 1 16. 61 % 5 WA 5220k F 4% 15 Fl 55 34
By, 7003k 18.25% F139.33% ;5 HA 12.5% K H T 1993 4R IR AL  HARFR Mk A TGRS Z
AN AT | Horh b b S AR R R A B T 39.95% ;0 TSRS T 5, H 99% ok 1 T HiAth 267 | ¥
T Z,2009 AF A 5 A TLF- A R R R AR 0, b s K A R TR R SR B RN 55 IR L 43 R 39. 4% FiI
36.35% , A3 17.23% 1 6.26% K A T E5 50 Fg s
2.3 JEIT R AR R e K2R S
2.3.1 R HEWPIEECR

P S RAER H Y it GIS BE N/ HT D BEAS 2] 19 & A X 52 R AR G0N NDVI S Bk 1 0l
&3, MIE 3 A LI A AN 2R A Y, TG4 1993 4R34 & 2009 48, #2218y 55 B 5 i U T, NDVI {3

http ; //www. ecologica. cn



20 1] WES & EILTIR 1993—2009 37781k 6221

EMEGREEFERNTAICKR, FRETTUEL TERA 40
[) B4 R o 52 L 45 2% PN, L NDVI B9 F Y946 2009 4E 5 oao |
1993 AEAH LY, ¥4 BRI B2 iy B o, e DA s A Fidle - 020 ¢
AR EA I X SR PAY ) S TR R R, 2 % 1993 4RI T < 010

2 o
0.2013 F10.1176, 2_0.10 I
2.3.2 HYHMFEENLR -020 |
WFFER M, Sy PR 2840 5 30 X LA/ o0
ii&%%ﬁ{tﬁ%ﬂ%%“lm o *EJE@EZET 1995 ﬁa Greenisland Slight Moderate Severe Very severe

12008 ¢ L AU I, —SDISA AU RAF £ 3 BT AN R REAE K NDVI A0
i O BEH R AREE R AR NS A GIS St Fig. 3 The mean NDVI value in different relative brightness
[ 1993 4F-F1 2009 445 i i 2 I AS R A X S5 MR 5 20 temperature classes
P THIRR L 1 L% 6 Rk 7,

MR 6 F1F% 7 AT LI Y, AS[R] A FH 2280 Py 45 A X 58 1R S5 0T o LA AH 22 4R K, (H 1993 451 2009 4
JIT S B BEARRAE D& AR 5 — 300 . LA 2009 4F A ], 815 FH iR A 1 A b LA 1 A 4 X 2 ek A 2 e s
19 3 A A K 3 HE M bR b R R b L 5 v AR T AR R SO0 TR A 609% LA T, bR TR R R ik
85. 74% ; [A] A X PUA™ b 2t [R] A T B R AR P 55 348 X8k, 7E 1993 4FF1 2009 4F , 7K BT o5 A Ao AR e 24
B3 TERR LG 34 R i P b P T RR LG 5], 2 T8 R 3 55 98 T A Iy R I T A AR O B A g DA T S
J&, HSEORER X B /KSR T— 250 28 R G0, alad %o T 3 = b R P LR85 43 A LR B N5 B0, H TSR 24
55 B o 9 B0 b A 2R B I R LS IR R R T @ B M K ESTYE TR PR AR Tk
PEGUIE 5 IR A2 ZE AT R K B SEMR A , A5 AK IsE RIDA KT 5 4 T K A7 T B o R o W S 4 e 5, R,
AR 2 5 AR A AR S 1) SRR TR

F6 1993 FRET M ALE N AN ZIBERT LB

Table 6 The percentage of different relative brightness temperature classes in different land use type in 1993

K5k R+ Hb % b/ % b, % it % AR %
Water Unused land Grassland Farmland Forestry land Built-up land
419 Green island 56.09 56.51 34.44 61.67 66. 10 24.63
B Slight 34.86 26.23 50.71 29.10 27.36 42.32
FHEE Y Moderate 6.53 14.76 13.92 8.51 6.12 28.19
IR Severe 2.17 2.48 0.91 0.72 0.42 4.83
W BRI Very severe 0.35 0.01 0.01 0.00 0.00 0.03

RT 2009 FELEIMFIAEBARENZBERR GG

Table 7 The percentage of different relative brightness temperature classes in different land use type in 2009

KIS water ARA L3 % R/ % Bt/ % M/ % BT HL %

Unused land grassland Farmland Forestry land Built-up land
£t Green island 63.38 49.77 62.15 61.47 85.74 26.30
5935y Slight 22.58 12.60 34.89 31.08 12.41 31.92
FPAEI ) Moderate 9.07 10.05 2.81 6.34 1.19 29.75
PRI Severe 4.61 23.65 0.15 1.09 0.62 11.78
MR very severe 0.36 3.92 0.00 0.02 0.04 0.26

2.3.3  JEIT A SRR Tl & R SE R
ARV, DXy , U SR T A 2 1 42 5 3T A 1 28 A LR DE ™ T OB S5 A 9 4 21
W A HE RO A S 3T B SR B AR AR AR H AL, 3 BT AP RO MESC &R TSk i A48 B0 >R A

http ; //www. ecologica. cn



6222 A E = 31 &

- N D N N S Y S . N o S S [ 2
TN E AR BRI R 3T SRR B A R R T BRI R T A SRR ROk ik 0
LT A AR DG WL 4
4000 300 4 300
o 3500 8 50| Y=76853x+8655 | 250
= 3000 z Re=0.835
& I & 200 | ] £
8 2500 5 0 =
e 2 8
2000 | 8 150 | {150 8
2 )
1500 2 100} {1100 £
1000 | 2 a
= .
50| g 50 - {50
° ol . . . . o
83 3 88 88 8 8 2 3 § 8 8 8 8 8 8
— - — - N N N N N — - - — N N N N N
2500 160 12000
140 N
& 2000 g £ 10000
S 120 ¢ <
3 8000 |
£ 1500 100 g &
jo))
g 80 3 2 6000 -
'z 1000 0o & 8
% o S 4000 |
: 40 n@l/_? § y = 553.74x - 43.194
E 500 20 2000 R2=0.9422
[T
0 -0 0
[s2) [Te) ~ [o2] o) [o2) [Te) ~ [o2] ™ Yol N~ (o2} — [a2] L0 N~ (2]
g S 38 88 8 8 8 8 & & & 8 8 8 8 8
— - - — N N N N N — - — — N N N N N
Year Year

B4 ELHEXHSGEITEIREELHGLE

Fig.4 Some statistics data related to the surface temperature changes
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