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Quantifying the cool-island effects of urban parks using Landsat-8 imagery in a
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Abstract; Urban parks mainly consist of green space and water, which can form park cool islands ( PCls), which
substantially alleviate the urban heat island effect. The concept of landsense creation in landsenses ecology can facilitate the
rational planning of new urban parks and the optimization of the spatial structure of parks, which help to enhance PCls and

improve the local urban thermal environment. Xiamen, a coastal city in China, was taken as a case study. Landsat- 8
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Operational Land Imager/Thermal Infrared Sensor imagery data from August 2013 were acquired. A land use type map with
a total of 15 urban parks was derived from high-spatial-resolution Google Earth images. Land surface temperature was
estimated via an improved single-channel algorithm. Methods including buffer analysis, the landscape pattern index, and
multivariate regression were applied to evaluate the key factors of average surface temperature of parks, PCI intensity (i.e.,

the cooling amplitude ) , and effective cooling length (L_ ). Additionally, based on the concept of landsenses ecology,

landsense principles for the creation of urban parks were proposed. The results indicate the following: (1) average
temperature ( AvT) inside the parks depends on the park size and built-up land area, and both of these factors are non-
linearly correlated to AvT ( R*=0.915). The threshold value of the park size is approximately 55 hm®; (2) The PCI
intensity is mainly determined by the area of green space, the built-up land area inside the park, and the park perimeter-
area ratio (PAR). Green space area has a positive impact on PCI intensity, however, the built-up land area and PAR have
a negative impact on PCI intensity (R*= 0.911). On the premium of keeping a certain park green space area, it is critical
to reduce the built-up area and increase the complexity of the geometric shape of the parks, which is conducive to increasing
their PCI intensity and alleviating the urban heat island effect; (3) L

is mainly determined by park size and the

(R*= 0.719). On the premium of

max

percentage of water area, and both of these factors have a positive impact on L__
maintaining a certain park area, it is proposed to enhance the proportion of water bodies in the parks, which helps to
increase the L__ value of urban parks; and (4) in the planning and design of urban parks, the concept of landsenses
ecology could be employed to consider park size, land use types, the shape index, and the spatial configuration inside the

parks to mitigate urban heat island effects.

Key Words: Urban heat islands; Xiamen; Landsenses ecology; land surface temperature; park cool island
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Fig.1 Location of study area, showing the urban parks and the landuse types
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Table 2 Multivariate regression of LST and its impacting factors of urban parks

SR bt 2 £ ¢ K E BRI bR iR 2 A 1T
Independent Std. Coefficien t test Significance Std. error of estimation/°C
ZAFETHR Park size/hm? -1.622 -7.027 0.000 ** 0.418

NS AigA

0.758 3.284 0.007 *
Built-up land area of parks/hm?

# x FORABRTE 0.01 K ERFHIE; « FRERAE 0.05 /K LB EAR

3.2 R AEYE B PCISE 44T
4 BoR T HFFE XA Tl 2 b i FR 5 PCI 5 1) 5

Zhgk, BlE ARSI, A FE R PCL5E AR O R
lzlsﬁf%?iﬁﬂ,{ﬁﬁﬂllééiéﬁiﬂﬂ,ﬂ’i%jﬂﬂllfé;’%‘f&FE@Xﬂ‘éfﬁlﬂ‘é%o %% > y=0.6679In(x) + 1.8137
BIATAT I PCLBIEA KT 2.4 C MR ARL 22 oo
A7/ PCLBRIE 2.49 C ik PCLBRIEREE 6 C % 25

5.63 CHYIFIEERE (AL 145.42 hm®) . T FLIEI 4 75 <‘;§ di

], N B G E BN E] 55 hm i, 2R 19 PCT 3% il

FE W 25, 4k 2 18 i\ el 43 b T AR, PCL 5 B8 A 0 07750 100 150 200 250 300 350 400 450 500 550 600
Wit AT R R EE R . (1) ARG 6 Green e e of ks

A= D Ay K R 2 A JE] I B 5 o

AR, P AR R K FRAR TR, AN rmas
N ’ : Fig.4 Relationship between green land areas and average PCI
ZSREEDY 5 (2) A B E R JZ T, B K PHSE  intensity for urban parks
SR U b T P R 12 A 48, DA T A I M T8 X6 25 SR 3G PCI park cool island
Y G DY 2y N O S /N 1T I S R SN e e (Y2 e
¥ VE FH RIS 5 4 FHAR L i 2, BB A% 5 T 100 1 AR B 1 3 22 1R UL 4 4 7 50 5 11 4 B K YR 3 46, BRI H: PCT %
FEREK ARl A el T R 3 0, PCL 3 B IR — 38 K o el ) 1o BRI 5 2 Pl T RR Y 2.5 4% B
PCI 58 34 5112 5.45 °C 1 5.57 C, i EAUNAHZE 0.12 °C . ASWFIEIE 7 25 4 el 23 i T FRAEAE AN I A8, 2
Pl T BA BZAE J5 , Ar kSR R A FE TR, PCI 5 B s TR , U A el AR5 i ek s AN S 3 . DRIk, DA [l
JIFAE A e A 2 1R 5 LR R 8 RS 4 A SR TR, 2 Bl S b TET AR AR I 7E 55 hm® RO B3

3 BR T KA PCLE S HEmFE TR ZonhIAC R, Hdh PCI R E S5 /0 Fel gk A 2\ el
FUEA KL PAR F850C= AN FEITE 0.05 (97KF B B A0 DG, R ZE [ )= 05 2 rh AR B AR 88 R ok, K
PRI AL BIGTA 5 PCL SR AN K 3 B LAAE IR 5 R vh e HERR . PCI 3R 5 2 Pl & by T AR PR - S B
IEMSEXTEOE R H S A RIS A K A PAR FEBUR IR . 28 el St i FRL R 1 A b o 1L 2R 5K
KFEWIE, G ETERNIE R, 28 fl s i AL i STk oR T e i . A (3) s ik T A el 4k b i
TR, S BE SR s T AR, A R AR 805 23 Bl s R B PCT Z A1 SE &R, PCI 58 5 20 Fel K AL HE PAR &
LMD R, 2 PAR BERET, PCLSREEN AR /N T2 e TR LA 4%, 0 PAR /N, 51 PCL SR BEAR K,
— 5 T, 2 Pel e SR P b TR R P38 o, BOASSZ 7K T B A9t v, o S 355 3 VR 32 1 O 398 o T e PR AN 328 7K T ) T
T, B88000 A ] S i R /K T T LA P S A AR e G TR | SR T IS A T S — O T, Gk BRI R R
ONTE PR R A 23 A0 L 0 A 1) AR B I A8 J b e ] T SO A i 4 FAER B S e B, B PCI A AR
NN 5 1 7N s SR WA /AN 5 B AT A ) 128 /N s RSB 2 VNS =3 0 £ = N o O W4 5- 4 B | IR
£ B ) ER/N v D | S W VAN £ DA = R £ 7] 1 B o 1 2 3 o B VA B T N RN W T 0 3 O

y=0.661 In(x,)—0.415 In (x,) —11.036x,+ 3.416 (R*=0. 911) (3)
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K A FE SR T AR (hm*) | oo, A7 EEBE FH H T AR (hm* ) | oo, A28l JE S 5 T AR A (km/hm) |y A [
PCI(C) .

£3 HHAELL PCIEESEXWEFHSTEFSTER

Table 3 Multivariate regression of PCI and its impacting factors of urban parks

WA T Frifefb £ ¢ K3 N BRI bR R 2 A 1T
Independent Std. coefficient t test Significance Std. error of estimation/°C
UNTESS IR

Al , 0.891 3.444 0.005** 0.412

Green space area of parks /hm

/\\ TT: f/\‘ 3 /L{

AR -0.615 ~2.908 0.014"

Built-up land area of parks /hm?
JK L RS (P/A)
Perimeter-area ratio (PAR) of parks

AP AR TR L F)

Percentage of water area inside the parks /%
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4 WOR T AT PCT BRI IR 25 K 00 PR 1 19 22 0 [0 H 56 2, JH e 2 el i AR A2 Bl Kk AR T R L
BIPASF1E 0.05 7KF-_E 58 ARG, PR AE [l A R vl A BA R o . PCT sEmaE B8 L, 55 3 4~ PR -4
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K 1000 m, A FE S DK B B AT KRR IR 51.28% , A Il DL AR Ry 32 108 2 el (e e 7 i B
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y=129.33 In(x,) + 3.8781x,~ 53.932 (R*=0.719) (4)

Ao, AT TEA (hm?) 2, AT AKARTE RG] (%) v RATEREREE (m) .

-0.615 -2.667 0.022"

0.301 0.769 0.095
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Table 4 Multivariate regression of effective cooling length for PCI and its impacting factors of urban parks

T bt & 5L o K M REANbR DR 22 A1
Independent Std. Coefficient t test Significance Std. error of estimation/m
231 T AR Park size /hm? 0.758 4.952 0.000 ** 159.68

AP AR HFR LA

Percentage of water area inside the parks /%

o RARHTE 0.01 KF ERFANNR ; « R B HTE 0.05 K BB FAC

0.361 2.357 0.036 "

4 ZEr5iit
DATK AN (00 AR 555 5% A RSP 38 T 22 el T B2 ol ) 3 T 94 15 2 338 Jmy S Tl AR 5 9 — A T 2T B
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Table 5 Current key cases of cool island of urban parks
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