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Study on cooling effect of high density urban park and
its simulations & predictions

——Taking Tianjin center city as an example

JIA Qi"*, YUN Yingxia', YIN Zekai'
(1.School of architecture, Tianjin University, Tianjin 300072, P.R.China;
2.School of Environment Design, Zhengzhou University of Light Industry, Zhengzhou 450002, P.R.China)

Abstract: Rapid urbanization results in the increase of population density of large cities. And urban heat
island effect becomes severe. Park green spaces, as an important component of the city ecosystem, play a
significant part in alleviating heat island. We choosed 8 large parks of Tianjin center city as empirical
objects, used single window algorithm and analyzed their cooling effect based on Landsat8§ ETM + image
in 2013. The results show that the coverage areas of the parks and vegetation coverage ratio are the most
important factors influencing the urban heat island effect, and also water ratio has a great influence on the
surface temperature. The maximum cooling intensity and cooling distance of the 8 parks differ largely with
each other, The cooling intensity temperature difference is about 2.72 'C and the cooling distance is 195
m. Parks with larger area has more obvious cooling effect, especially when the water ratio is higher than

30% or the vegetation coverage higher than level 10. A model of Parks’ cooling effect is deducted based on
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the conclusion of the study. The results of the research provides effective technical support for the planning
of park green space in Tianjin center city and similar high density urban areas.

Keywords: parks; cooling effect; surface temperature; simulation; Tianjin city

TE S [T PO AL TS = R E AR AL R 2000 4E (1) 36.22 X0 L8 3 2013 4R/ 53.37 %0, K A
BN E S 308 RO N % B AN W 1 0 3R 71 2 B AS DT S S 4 5 B 52 B Jon i) G L7 8 8 PO IR IX 4R
Sy P U e E Y AR R AR SR T B 2R A A EREE K A AR Ak i LR R R ST g 5
PR ERGIRE R NS E B Ay PG A S G2k 77 #0405 0 0F 55 X6 24 A0 o 1 099 3ok 41 ft
Ji K R e N e A A T At A 28 3 T i EL A R L Y S

B2 B I AR R SO B R il Rao™ 76 1972 442 il T RE WS IE A7 K 1h0 AL [l 25 A 2l 245 S it
W) 2, T A 0 AR AR R AR L BT BN AR A 26 B8 G 1R (TM/ETM + | ASTER, MODIS, HJ-1B,
AVHRR %) Hb 22 I B B IR0 AT ki # S B A Tl S b A o 3nk i 24 785 2R 6 1 3 2 A1 BB 4 » 7E % it
P T B EEMAMEA . SO T SR bR R 0 E ST IR RO, 3 B A P e A el b 1) A [RLRFAE 5
PR SO 1 56 Z2 07 T A B 2 A A5 /N B 43 AT T 3658 /0 S A 4V B L G JHL ek T 50 07 g A5 4 T
WAL A o TR AR BT RS IE . DUE B 92 A R0HE 5 A 5 14 38 i B4 e 3

PRI 50 224 i 2 ] 2 b 5 00 5 1 R B A P B B ARL TR0 AE 5 1) AS A2 5 2 & #E 2013 4F Landsat8 ETM+ 3¢
16 8 Hb 2 TR E 1 SR Atk AR O IR IX 8 Ak A5 R 11 A Bl St DAy S IE X G2 43 AT L B SR KON I A
R AT o S Sy TR e o 31X R SIS vy 288 R I DX 174 2 Bl gt R K0 2 AR R S

1 HREEBSEHTEFRIE

1.1 HAREXIE

KHEET (387347 —40°15”7N, 116437 — 1187047 E) Hb kb A b ~F- Ji 3k 55 » /2 v [ At Jr fe K 0 W g F JlC i i
T B A g B EE X . AT E A 11 916.85 km® , Hrub B IX AR 173 km®, A% FE 21 963 A /km?®,
R B Il W R KU AR R 2 13,8 CL A 7 A i s Dy 37,9 CL AR BB K B
736.5 mm AEBRIE 54 % . Giit e R KH T X O BRI AR R RS 1T & 2013 4E 7 A B ik
31 CL I KRR R AT 35 8 CHHy ST e, KT F 2013 A0 IF 4 1 J 76 3 IX L 1 14 &b DA |2 bl 4
HiL L SR A 2 A A0 A TR, 3 B e TR A O R KRR A A ) K A A L K B B RS L
T RTAR A T PG A ORI A gt R U A B R 8 A [ S i A O SRR 5RO G %o L O AR
RHEATHIHT
1.2 H#EXRIR

A SCHHE F B AU 2013 4E 7 /] 24 H Landsat8 ETM+ 1285244 (TIRS10/11 #A43 B 23 18] 43 #1 % 100m)
2013 4E 9 A 2 HIY SPOT 28 (r 3y 2.5 m) , Hp Fip 5 2 T R 20 A0 i B s 38 M 38 0 3 (& 1(b)) L 5
T A e 2 AR 1 28 R ARRAE 1 SR IR 1 Ca)) il B 23 BT 5 95 B8 G AR 4 B A ENVIS.0. 1l A5 2
ARG ArcGIS9.3 GLil 4 Mk f4F SPSS20 Fl i UL 48 £ 73 HT 4k {1 Fragstats3.3 %,

2 WIRAZE

2.1 REBEERE
Sy 1 bR B AR SR B Y e, BT ENVIS.0 F & 43 X ETM A+ 8 1 55 10 P B
(TIRS FALL A E I Kb A 22 D3 B0 b A7 48 S R A AR AL IE » B - 31 5 i 3R FL AR A 6

F =(NDVI—NDVI,;))/(NDVI,,, — NDVIL,,) . (1
e, =0.962 54 0.061 4F —0.046 1F?, (2)
e, =0.958 9+ 0.086 OF — 0.067 1F*, (3)

A F O AR AR 3 B (R NDVI O 0 — AR A B8 B e T e, 23900 O 1 9K 26 THI AR T R BRLIR T 1Y b 36 LU A B
RIH.
H I T O M A O S T O SR A Ml 3 LS L e M I S A SR AN 1 (h) B



46 TR XF FR % 39 %

B(T) =[L—3.39—0.72(1 —¢) X 4.01]/0.72¢ , D

T.=K,/In(K,/B(T) + 1), (5
AT, AR EIGRIE B (T O RS 52 B Ly AL ST 52 B e R AR . X T Landsat8
ETM+,K,=774.89 w/(m* « Sr+ ym),K,=1 321.08 K,

R A »
. gl N
L $5
oF PR R A
. » ¥ e & 5o
r S B ) o
" - » ‘?
’ »! 5" 8.2 . - 1.k
(o L -~ [ -
. ’ ;A“" r;'% ‘: X ‘
s;?\ & -- o4 ’ g i
v 5 v.|u~_. 5 W ¥,
* 4.4 r *. 5
5 . . "-¢\ ,“ ’J" e 2ed
8" LT R -
2 2 12 T’.".
> ; 3 AN
o A :
P High: 44.603 4 . S5
0 1 2 4
B AR | Low: 22.517 2 S——— {1
(a)yAFE (b)) IR AR

1 ARRAESHRMREERRERE

Fig.1 Park distribution and inversion figure result of LST in study area
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Table 1 The characteristics of LST change of different distance far away from eight parks
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Fig.2 The characteristics of LST change of different distance far away from eight parks
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Fig.3 Difference between the highest cooling intensity and maxmium cooling distance for eight parks

MK L 81 R BB i SR R 7K A el R R T A0 2 A 2t 1) K AR G 491 28 0 30 00 HLAL BB o B i T
10 7 e ey e Uk i B b 8 e 7 Al 2 el (R T A 285 el R0 G i 2 Bl ply 8 R T DR S R R R B AR D
At A P DR R AV 0 2 e A Ol A5 R AN W A el 1 A B i B (7..25) IR IR L 481 (23,51 20 AR A
b2 Bl Ak 458 i AKF o AEL BRI ORI E A FRAEL

L2 B IR A8 B0 5 5 e A I 51 B R B KRR UL BE 25 11 Pearson A G R EUSF B2 —0.47 F1—0.32, %
BT PR A AE 5 e L 0007 22 A 355 1) 870K G, T AR A8 08 v i BT I i 200 007 8 P S R v 0 2 T e 3 L G
THABED o H IR O IR XA 0 2 el e A BRI B A A B R R 2, 6T BB A 1 E R T 4R
AT ot — P R IE .
34 pNEEEWMNERGE

FEF LA A 43 ) a0 8 2 el 1 ARG SR B (Ln-Area) 97 55 7 1) AR B0 (Ln-F) 7K 4 HE 91 1
H AR £ (Ln-Water) AUE R 8 B (SHAPE)MEy B 28 5 37 23 el PR U A AL . 3T SPSS 20 #E47 [0 )9 4y
B R = C7) o o 4K 5 T8 3k FUI0 A AR IRl 088 2 O 5 S PR U (3R 2) iR 2By —0.07 C L KR
ZAHT—0.67 C,
Y psmmuer = 1.452 X Ln-Area — 1.458 X Ln-F 4 0.048 X Ln-Water — 7.509 X SHAPE 4 11.621,R* =0.84,

D)



2 F O HE AR ARKRAE S BTN AT 49

® 2 REPOEEX R RS E SR B

Table 2 Prediction model of cooling intensity for parks in Tianjin
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