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Fig.1 Linkage between urban ecological space and high temperature climate
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Table 1 Extreme climate index indicators
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. TE
Extreme ..
. Definition
weather index

HAFESE RN E RS E> 25 CHYIE
A i) /d Number of days with daily maximum temperature >
SU 25 °C during the year

FREEE: AR H AR UR <0 CCRImE ]
A a] /d Number of days with daily minimum temperature <<

FD 0 °C during the year
RRARAL10 20 ML I 18] 77 23 LE

A/
iBZ/A Percentage of days with minimum temperatures <<
I'N10p .
10% quantile
WR/ Y% IR 1090 S0 ELAY IR 1 F 43 LE
) Percentage of days with maximum temperature <<
TX10p .
10% quantile
BT/ 4 ISR =>90%6 S AL AE Y I 43 e Percentage of
TN9Op days with minimum temperatures > 90% interquartile
B/ I SR> 9024 S LB R TR 43 L
o Percentage of days with maximum temperature =>
TX90p . .
90% interquartile
SRR H G N H SRR KE
SIR/°C TXx  Maximum daily maximum temperature during the year
SERARHEA  FERHEARRA R

Sf/°C TNx  Maximum daily minimum temperature during the year
AN H B T A /M

Minimum daily maximum temperature during the year
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SHR/C TXn
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WSDI interquartile for 6 consecutive days
RS H 2% 6 d IR AR <1026 S A Y IR ]
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Table 2 Landscape pattern index and formula
SRR
FOWAKR SR AL PSS
Landscape HHAR BRI Relationship

pattern index

Calculation formula

Parameter description

with cooling

effect
J— BSR4 5K B R T EAI
CA a A Total area of patches, or total area of patches of a particular land- Positive
) scape type correlation
BEHL R 4 5 0L g I RRIES
o ay 25 PSS M 24 1 R TR L5 "
EAR L L% Proportion of types of land to total Positive
PLAND 00 roportion of various types of land to total area correlation
N , TEARD
SE A BEY R B ) f
N Positive
NP Total number of plaques .
correlation
B , n A P RERECRE , A 2R R AR
) PD - Z’ » 10000 X 100 n; 1s the number of patches of type i, and A is the total landscape Negative
area correlation
BB (et a R I AR ITTR, A R L I IRIES
He i L LM%y | % 100 a;is the area of the j patch in the landscape of class 7, A is the to- Positive
LPI tal area of the landscape correlation
e SR BEYAIAR 1L F R SHE OTIL R Z N, o RS LS
B v HIPkS B0 i) 43 2 2 AR ARG
= I/ﬁl " W e is the product of the number of patch raster boundaries and the Positive
- “ raster cell edge length, and a is the product of the number of ras-  correlation
ter cells and the spatial resolution of the raster cells.
. y A
AR A A SEBEHUSTIRL, N BEH I HC R e
AREA MN N A is the total area of patches, N is the total number of patches o
correlation
2
Tmﬁéﬁﬁ ':n,ji:(lnpzj* lna |: ZPU /):l ﬁﬂfﬁ% ij 1 T /\,p,ﬂi’ﬁﬁ}& ij H@Jﬁ&#ljﬂﬁfﬂ%ﬁ(ﬁ IE/i‘E?‘é
FRAC /l\;[N =1 Az/ is the area of plaque #j, p; is the perimeter of plaque 7j, n; is Positive
- " ? the number of plaques correlation
(n,»ZIrlpU) (ZInpu)
=1 =
AP P g SR, 5L A Fh R R 404 RE 1EAHE
" ] [qu L i :| X100 g; is number of similar neighboring patches of the corresponding Positive
L landscape type correlation
A8 H SOV A BEM TR p, PR 46 14 SIS 8, 4
RN P -1 BE K, A 2 UL S T A A%
J(l)';IESIEON 1 qu [l — —} X100 a; refers to the area of the j patch in the landscape of class i, p; Positive
z p,,,/a—,, A represents the perimeter of the j patch in the landscape of class 7, correlation
= and A is the total area of the landscape
i Cy REBEH T AR R r (LA, 0 02 355 3 1 A TCHR P %L
Cijr B e B 0 VR
PRI = 2R RUFTHITRIRITR IEHX
CONTIG aj C;, is the continuity value of pixel 7 in patch 7j, v is the sum of val- Positive
o ! ues ina 3 by 3 cell, and a; is the area of the patch in terms of correlation
v—1 number of cells
Xy — minXy.. X, ASXF GG LR jASPEAN 8 R U B BUE , n B TERS R
maxX -+ X,, — minX ;- X, " s . I
Y, = L s AR, o 3l ELPE AN TR A R
maxXy;.. X, — X . . . ‘ .
maxX,---X,, — minX,---X,, B3 ERNE ., TR P;=0,

A, Yy He A A bm i SR
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Table 3 Classification criteria of coupling
coordination level

Coordination

TG PRR L D (B X i)

Coupling coordination

& PR AR
Degree of coupling
coordination

degree D value interval level

TS|
(0.0~0.1 ! Extreme disorder
R S ]
[0.1~0.2) 2 Severe disorder
PR
[0.2~0.3) 3 Moderate disorder
R
.3~0.4 4
[0.3~04) Mild disorder
Wil 2
A4~0.
[04~0.5) > Nearly dysfunctional
R
[0.5~0.6) 6 Barely coordinated
-
[0.6~0.7) 7 . %ﬂlﬂj}ﬂ .
Primary coordination
4 e
[0.7~0.8) 8 “Eﬁb'}ﬂ .
Intermediate coordination
[0.8~0.9) 9 . &ﬁ?ﬁ}@ .
Good coordination
[0.9~1.0) 10 PR P

High quality coordination
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200020102020 4F [H] # v il 2% S 16 8L (R 4) o 1E
e SRR RO T A AR P, CSDI(FRFEE4 H B aI%) |
TNn(4F 85/ H AR ) TNOOp (B 1K) 3 48 545
PR R A R, HABUE X e 245 R e . SU(KE
HARFLEETA])  TXx (AR K H e ) W TNx (R fx
K H F KR ) 3 AR ARPE JLF A%, HAUE A
SRR A T . FLEAS AR A5 SR, 2010 4F i S
T OB A, o 2000 4FERUE Y 6.72 4% A e
2020 AFH A 1Y 2.04 4% , X M AT 2010 AF 2RIl 8 37
OB R i R R XS Y AR R AR A
PAHW) A+ 2010 A2 45 bl g A<M =B R AE 1
F45 MO 2 10— A1 A 3R BT 13 AR R s KA
TR 2 A AR i R R I B K AR5 2000
AR 01 AT 4 BRI , 2020 4E MR i A TS BRI T
20104 HAT b T A @ KO ixX — S5 R 5 A5 4
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Table 4 Calculation results of extreme temperature index
RLE Wit BN e 2020 IR FE L 201045 20004 IR FEEK

Climate index  Entropy value Utility value Weights Climate index of 2020 Climate index of 2010 Climate index of 2000
SU 0.999 4 0.000 6 0.03 0.047 1 0.043 2 0.0459
FD 0.9214 0.078 6 3.61 0.7220 1.624 5 0.6859
TN10p 0.905 3 0.094 7 4.34 0.4518 0.998 8 0.356 7
TX10p 0.696 1 0.3039 13.94 0.9930 1.718 6 0.544 1
TN9Op 0.6104 0.389 6 17.87 2.6438 1.664 6 0.0000
TX90p 0.9813 0.018 7 0.86 0.1437 0.186 1 0.1131
TXx 0.999 8 0.000 2 0.01 0.003 9 0.004 0 0.003 8
TNx 0.999 8 0.000 2 0.01 0.003 1 0.0030 0.098 6
TX 0.920 0 0.080 0 3.67 0.073 4 0.0257 0.0734
TNn 0.597 2 0.402 8 18.48 1.5708 1.2012 0.868 6
WSDI 0.830 1 0.169 9 7.79 2.3370 2.960 2 0.467 4
CSD 0.359 5 0.640 5 29.38 1.76 8 11.458 2 0.000 0
CSDI B S S 10.752°5 21.8882 3.2575

Extreme temperature composite index

BR A AR 0 R 0 B 3 4 R AR IR R A A
Xt o
22 WHAESEEIKREEL

AR BT i 7 5 s A B 8 T 4531 2000
2010, 2020 4F 1Y #4528 1 b A w5 0 T AR (3R 5) , dl i
Fragstats4.2.1 44T 5o R4 Eoi i i, # il
T A 252 ALK e i B0 5 25 51 (3% 6) R B, 2000 4F 14
LPI.CA PLAND #5 $ A # AH X 3K, FRAC_MN
AL, COHESION 1§ 5 i £ 8 3T 7 S % ; 2010 4F 1Y
LPT AR IH B e R 4845 , 11T AREA_MN H T4
i U Bl K T SR SR G R B R AT
2000 4F1Z A5 bR R A 2010 4523 6] 44 a8 K ) 8 5
F8F5 5 2020 4E ) AREA_MN $5 bR A% 5z K, LPTIK
Zo AL LPICERBEH 5 HeAE 80 78 2000— 2020 4F
— HEBONEERNIEAR, AREA_MN (5F 35 Bt B i
FROALEIT 20 4[] 3% S AT K, 280 7523 ]S )
FRECP O EESE bR, HA 2000,2010,2020 4F [H] 4
FFOMAETY R I , AR IR 2 2825 [l Ry 25
B HE L — AR A e, 3 5 DU A AR DX AR

TR 5 A 22 WA AR TR R AR A

X} 20002010, 2020 4% A3k i A 225 A% SR 27
FEEGHAT LB AT LLE 1, 2010 4F A0 XF T 2000 4F H
LEAHRBOW BT I, 2020 4R A XS T 2010 4R 0 45
AW LT AR B BRI A A2 Al R 25
TR I N B A, SR A S A M) A3 A A% SR Y
Ref TR RN, A B AR A7 A — s 0 559, P D A i
WM Az 2525 (B B il AR B e IR, AT R AIE 17
AR BRI o HE— 2540 B 11 250004 J5)
F8%0, CA \PLAND | LPI {0 B $8 50 7E 2020 4F A BU(E
IR E e K NP LSl B 8 B0FE 2010 4F 1 B 5 2]
% K, 1M1 2000, 2020 4F /9 £ (8 241 4 /X ; PD . COHE-
STON I J# & BOEUE 76 2010 4F £ /)8 , 2000, 2020 4F
(B8 (EAH X R s AREA M 7E 2020 4 1 I )3 48
BOBUE K, 20002010 4F B EUE R AIK BLAH 22 50N,
AT FEH5 %50 5 22 M B2, 2000 4E (985 (il 5 K, T ) 1)
20102020 4F A A AIK FLAH 2288 /)v; CONTIG _MN
W2 8 BAE 2000 4F A BUE fe /)N, Z )5 2010,2020 4
(BB 34 e R ELAE~F-AH ]

£5 2000.2010.2020 E &K B ER

Table 5 Area for each type of land during 2000, 2010, 2020 hm’
fy B b [ s Wi NI B
Year Cropland Forest Grassland Wetlands Lakes Artificial ground ~ Bare ground
2000 6 050 385 1612843 273 746 164 991 1769 048 756 773 8117
2010 6463 234 1271 368 355075 149 683 1583 343 800 662 12 538
2020 5961452 1049 981 277137 45956 1385 609 1901 231 11 258
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Table 6 Results of ecological spatial pattern index measurement 2000, 2010, 2020

SR R R Ay IR fEL BOTE AL FEN s pind:l) WA
Landscape pattern index Year  Entropy value Utility value Weights Forest Grassland Wetlands Lakes
2000 0.646 0.353 0.154 20124.6 34244 2068.1 22130.9
CA 2010 0.626 0.373 0.152 15 568.5 4337.8 1840.8 19 318.9
2020 0.643 0.356 0.163 13 847.3 3663.6 609.1 18 346.9
2000 0.646 0.353 0.154 2.344 0.426 0.265 2.523
PLAND 2010 0.626 0.373 0.152 1.813 0.512 0.232 2.256
2020 0.643 0.356 0.163 1.613 0.467 0.070 2.137
2000 0.760 0.239 0.104 2314.51 1.309.47 29.97 689.06
NP 2010 0.678 0.321 0.131 3725.847 2107.26 22.07 375.14
2020 0.713 0.286 0.131 2074.66 1613.36 44.54 96.21
2000 0.760 0.239 0.104 —0.269 —0.152 —0.003 —0.080
PD 2010 0.678 0.321 0.131 —0.434 —0.245 —0.002 —0.043
2020 0.713 0.286 0.131 —0.241 —0.187 —0.005 —0.011
2000 0.463 0.536 0.234 0.602 0.0149 0.057 0.743
LPI 2010 0.446 0.553 0.226 0.620 0.030 0.064 0.532
2020 0.639 0.360 0.165 0.406 0.024 0.022 0.645
2000 0.926 0.073 0.032 5.838 4.666 1.214 2.782
LSI 2010 0.895 0.104 0.042 7.316 7.001 0.986 2.599
2020 0.906 0.093 0.043 5.551 5.587 0.882 1.768
2000 0.554 0.446 0.195 1.149 0.345 9.118 4.244
AREA MN 2010 0.655 0.344 0.140 0.505 0.249 10.089 6.230
2020 0.614 0.385 0.176 0.950 0.323 1.946 27.142
2000 0.999 0.0001 0 0 0 0 0
FRAC_MN 2010 0.999 0.0001 0 0 0 0 0
2020 1.000 0 0 0 0 0 0
2000 0.993 0.007 0.003 0.263 0.219 0.280 0.288
Al 2010 0.995 0.004 0.002 0.167 0.141 0.187 0.189
2020 0.995 0.004 0.002 0.173 0.148 0.180 0.192
2000 0.965 0.035 0.015 0.004 0.003 0.008 0.007
CONTIG 2010 0.952 0.048 0.019 0.004 0.005 0.011 0.010
2020 0.955 0.044 0.020 0.005 0.005 0.007 0.013
2000 0.999 0.001 0.000 4 0.039 0.037 0.039 0.039
COHESION 2010 0.955 0.044 0.021 0.005 0.005 0.007 0.013
2020 0.999 0.000 8 0.000 4 0.039 42 0.037 0.038 0.039
S (A A S AR SR Fe B 2000 4F 22 449.10 4739.480 2109.030 22830.1
Ecological spatial classification landscape 20104 1904.43 6452.804 1874.490 19 705.9
pattern index 2020 4F 15 930.50 5283.330 656.818 18475.1
o 252 i B UL R A B 20004 13.032.0
Composite index of ecological spatial landscape 20104 11834.4
patterns 20204 10 086.5
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Table 7 Results of calculation of the coordination degree of the comprehensive index of extreme climate and

the comprehensive index of urban ecological and spatial pattern

G & CHE PhRTEE T{E A YA DA REAELR A PR
Yer Coupling degree Coordination index Coupling coordination Coordination Degree of coupling
car C-value T-value D-value level coordination
2000 0.907 0.697 0.795 8 PRE
’ ' ' Intermediate coordination

2010 0.199 0.5 0.315 4 Mﬁ%*]}j
ild disorder

2020 0.863 0.02 0.132 2 Se P:?(jﬂ}ﬁde
vere disorder
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Influencing indexes and coupling characteristics of extreme
temperature and ecological spatial pattern of landscape in Wuhan

ZHANG Xiaosi, SHAO Jizhong, LIN Runze, LI Kunyang, TAN Yanran,ZHANG Xueyin

College of Horticulture & Forestry Sciences , Huazhong Agricultural University, Wuhan 430070, China

Abstract Quantitative analyses were conducted on the extreme temperatures and urban ecological
spatial patterns with cooling effects in Wuhan in 2000, 2010, and 2020 by constructing indexes, functional
models, and mathematical statistics to analyze the evolutionary characteristics of climate change and the
cooling effect of urban ecological spatial pattern and the coordination mechanism between them. The results
showed that the comprehensive index of extreme temperatures in Wuhan in 2000, 2010, and 2020 showed
a trend of first increasing and then decreasing, while the overall index of urban ecological spatial pattern
showed a trend of decreasing. The pattern indices including CA, NP, PLAND, LPI, LSI and Al, that
were positively correlated with cooling effects, all exhibited linear or fluctuating decline characteristics with-
in 20 years. It is indicated that the cooling effect of ecological space in Wuhan has gradually been weakened.
The coordination degree between the comprehensive index of extreme temperature and the comprehensive
index of urban ecological spatial pattern in 2000, 2010, and 2020 gradually decreased from intermediate co-
ordination to severe imbalance, indicating that the cooling effect of ecological space in Wuhan on alleviating
extreme temperature is gradually decreasing.

Keywords climate change; ecological space in urban; patterns of landscape ; comprehensive index of

extreme temperatures ; climatic adaptation
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