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Abstract: Many previous studies have concerned with the effects of land use/land cover changes and landscape patterns on
the urban heat island. However, accurate identification of key patches and nodes with high contribution to urban heat island
need to be urgently studied. Using Yunlong Demonstration Zone of Zhuzhou, a new-type city, as the case study area based
on morphological spatial pattern analysis (MSPA) and landscape connectivity model, this study constructed an urban heat
island network to identify the spatio-temporal dynamic characteristics of core thermal landscape patches and nodes in process

of urban development. The results showed that: (1) from 2007 to 2018, heat island patches tended to be concentrated in
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Yunlong Demonstration Zone, and the area of heat island increased significantly compared with the initial stage of the study.
From the spatial distribution of land surface temperature, the contrast between urban area and surrounding countryside was
more distinct. (2) During the study period, the area of heat island core class was the largest, and the area proportion
showed an obviously rising trend. While the area proportion of edge class, branch class, islet class, bridge class, loop class
and perforation class showed a decreasing trend to varying degrees, which was largely related to the increase of aggregation
degree between heat island patches. (3) The top 20 thermal landscape patches with higher importance value of landscape
connectivity were identified, and the importance value and area of the top 3 patches were relatively large, which should be
deserved more attention and optimization. (4) Patch-based cooling measures adopted to avoid the connection between node
could effectively alleviate the heat island effects in the whole region. The results of this study have important practical

significance for the planning and sustainable development of small and medium-sized cities in China.

Key Words: heat island effect; morphological spatial pattern analysis; landscape connectivity; Yunlong Demonstration
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Fig.1 Location of the study area
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Table 1 Ranking of land surface temperature (LST) levels

2 Grade X745 Division standard 2 Grade XI5 451 Division standard
it X High temperature zone T,>(a+2std) YARIR X Sub-low temperature zone (a-2std) <T <(a-0.5std)
WGl IX Sub-high temperature zone  (a+0.5std) <T, < (a+2std) || fI5JIX Low temperature zone T,<(a-2s1d)

# X Normal temperature zone (a=0.5std) <T,<(a+0.5std)

T, ARiEfE bR BE standardized land surface temperature ; a ; - 3545 i fb H #E JR f mean standardized land surface temperature; std; #5 if 22

standard deviation
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Table 2 Spatial morphological types and their ecological implications of MSPA
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Fig.2 Urban land surface temperature classification and heat island region from 2007 to 2018
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Fig.3 Results of the MSPA-based surface urban heat island patch classification from 2007 to 2018

x3 ET MSPA WA EMFEITER
Table 3 MSPA-based classification and statistics results

AT AT AT

Fl 2007 EFR km?  BKHERY% 2013 EHE kn SKIRERV% 2018 FER km? DR %
Type Area of 2007 Area proportion of Area of 2013 Area proportion Area of 2018 Area proportion of

urban heat island of urban heat island urban heat island
0> Core 12.57 40.33 30.98 68.72 30.89 73.93
1% Edge 10.58 33.94 10.75 23.84 8.25 19.73
%2k Branch 3.57 11.45 1.11 2.46 0.76 1.82
PR Islet 3.09 9.91 0.48 1.07 0.34 0.82
Hr 4% Bridge 0.89 2.86 0.29 0.64 0.17 0.40
L Loop 0.26 0.83 0.07 0.15 0.07 0.18
FLBR Perforation 0.21 0.67 1.41 3.13 1.30 3.11
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T BN 45 3 B BEAZ O X 1 XY i U 0 T JE 95 |l , B 0 o0 A AU 22 068 A A5 B IR IX BT . 3% 3 iz
AT 3 AN BEH Ay F B, I FLHER 55— M BB i S (G K T A B, 2018 AF M i BLAZ O X
17 1) P P SR A, 7E 25 B 7S Y1 DX 1) T 750 2 30 DX B TR AR G, IO 8% o 422 BN A0 4% 5 T A% 00 IX T 2013 4F (1) S il
YRS R WA BT A AU X BB A T A, R PR 3 BBk 0 5% 3 M B O A, HL A
1 ADBESEENR K, WK LR, 1T 20 A BEH i Sk 350 B e 1 B 2 M8k B, i ok 19 T R L A7) oA B K
v FsF 360 % (14 A S5 LB e o 2 R PR s DR AR, B T A R /) 0 ) S 35 B B 7 3l i 40 e vp L B

SN T DRI S X6 e — 20 SR AT 0 Y R e, W 2 i A B R
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Fig.4 Map of importance levels of urban heat island core patches
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Table 4 Top 20 patch importance index ranking results from 2007 to 2018 in Yunlong Demonstration Zone

2007 2013 2018
ey éﬂitﬁ PEFERL  mTAEE MR AL ?&14&3_1% RS Taw_ PG 5 %quﬁ PEARRL  ATREME M AR
Number AR/ % AL/ % AR/ % AL/ % AR/ % AL/ %
dIIC dPc dIIC dPC dIIC drPc
1 29.40 28.28 76.94 77.04 85.30 87.18
2 22.29 29.01 20.77 25.05 17.89 17.78
3 8.74 12.94 12.51 17.22 15.39 21.52
4 7.44 8.31 5.42 6.45 4.90 10.48
5 7.29 6.98 3.43 3.47 2.74 2.61
6 5.84 6.37 2.88 4.12 1.70 2.24
7 4.70 4.59 2.09 2.48 1.35 1.77
8 4.05 3.63 1.87 2.33 0.93 1.36
9 3.77 3.92 1.30 1.53 0.92 1.12
10 2.56 2.67 1.26 1.37 0.77 0.74
11 2.39 2.96 1.06 1.14 0.75 0.97
12 2.31 2.24 1.02 1.18 0.70 1.03
13 2.20 2.34 0.95 1.09 0.63 0.55
14 2.11 2.11 0.93 1.58 0.52 0.75
15 1.93 2.34 0.92 1.10 0.47 0.47
16 1.93 1.62 0.87 1.22 0.40 0.45
17 1.83 1.66 0.87 1.09 0.38 0.38
18 1.78 1.84 0.87 1.03 0.38 4.29
19 1.76 2.12 0.72 0.82 0.37 0.43
20 1.57 2.11 0.72 0.95 0.34 0.37
4 it
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M, 38 3 P 3] Fre A it S X T BRI 1) e A G A AR SR AR IR 4, 7 B 9 o S 2% i 4% i
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