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Construction of multi-level “source-sink” landscape network to alleviate urban

thermal environment
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Abstract: Taking the six districts and new four districts of Tianjin as the research objects, this paper firstly obtains seven
landscape types by using morphologically spatial pattern analysis, and extracts the core area patches with good stability,
large area, high connectivity and significant contribution as the central “source-sink”. Secondly, six spatial data indicators
are used to build the evaluation model of thermal environment pattern, and four types of correction coefficients are proposed
to correct the basic resistance surface according to the changes of thermal environment pattern from 2009 to 2013 and 2013
to 2018. Finally, the corridors of “source-source”, “sink-sink” and “source-sink” are used to build a multi-level “source
sink” landscape network that can reflect the process of compensation transportation action. The results show that; (1) there
are 27 central “sources” of class I and I , with a total area of 22773 hm”; There are 23 central “sinks” , with a total area of
50732 hm’*.The overall anti-interference ability of the central “sources” is small, and it is vulnerable to the influence of
planting types and water eutrophication. (2) The total length of the multi-layer “source-sink” landscape network is about
1445 km, and the corridor in new four districts accounts for 70% of the total corridor. The corridors are unevenly distributed

in space, with sparse distribution in Jinnan District and dense distribution in Beichen District and the six districts. (3) The

EEUTE : HE AR R UH (52078329) ; B K A AR G br (M 1X) &5 58051 H (52061160366 )
e B H0:2022-01- 12 W) 45 i R E 7 :2022- 12-22
# WIRAE# Corresponding author. E-mail ; chentian5561@ vip.sina.com

http ://www.ecologica.cn



8 1 TR AR R IR0 22 J2 G RIS A 7 3069

gradual flow of energy from the central “source” to the central “sink” can reveal the hierarchical relationship between
networks and the regulatory role of corridors at all levels on thermal environment and climate. Constructing a multi-level
“source-sink” landscape network system to alleviate the urban thermal environment from the perspective of ecological
pattern and process is of positive significance to reasonably plan the corridor construction and efficiently alleviate the effects

of urban thermal environment.

Key Words: thermal environment; pattern and process; multilayer level ; source-sink landscape; network corridor; spatial

principal component analysis; minimum cumulative resistance model
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Table 1 Pixel surface temperature description statistics of land use types

Gy RN *if“;ﬁf’g/ E B Sl R
Year Land use types temperature Standard deviation interval Normal value range
2009 A 27.9 2.6 22.7—33.1 =24.1
ookt 22.6 1.2 20.2—25 <28.1
AR R 23.1 1.2 20.7—25.5 <28.1
Lk 24.7 1.7 21.1—28.1 <28.1
Bl 24.5 1.5 21.5—27.5 <28.1
2013 i 40.7 3.1 34.5—46.9 =36.3
Hukk sk 34.3 2.6 29.1—39.5 <40.3
HERAKIE 32.6 1.9 28.8—36.4 <403
Lk b, 36.3 2.2 31.9—40.7 <40.3
b 36.7 2.1 32.5—40.9 <40.3
2018 R 38.2 3.1 32.0—44.4 =33.7
Bk 30.9 2.3 26.3—35.5 <37.7
AR R 32.4 2.6 27.2—37.6 <37.7
2k 33.8 1.9 30.0—37.6 <37.7
b 32.6 1.8 28.5—35.7 <377
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Table 2 Average surface temperature of seven types of “source-sink” landscape

B3] Bl X HrdzIX. EUE 3 I HiE X fLEg
Types Core Bridge Edge Islet Loop Branch Perforation
PR UL “Source” landscape 30.3C 31.6C 31.8C 34.5C 32.0C 33C 30.7C
L7 5 “Sink” landscape 38.8C 34C 34.7C 37.3C 35.8C 33.4C 35.8C

£3 RV EUARRERZRESR

Table 3 Importance classification of “source-sink” landscape patches

B E 19 I3 2% Vg V& VIZk VIZk
Types Level Level 1 Level 1T Level I Level IV Level V Level VI Level VIl
I e i BEH K 3 1 8 5 6 12 6
Class T center “source” HERREE 22.2—41.4  12.1—22.2  6.3—I12.1 3.3—6.3 2.4—33 1.3—2.4 0.8—1.3
AT I I BEH K 6 6 5 6 7 16 15
Center “sink” EEREH 10.9—14.9  6.7—10.9 4.2—6.7 3.1—4.2 2.1—3.1 1.1—2.1 0—1.1

3.3 EARH

MR 2 18] A A BT 2 SR (3R 4) 3207 22 AT BTk R KT 90% (1T 4 A~ E s 7, 43 5 #4 2 2009
20132018 4FHIRIE A% J5 PR A AL (283X 14—16) , BT H SR W0 5078 X AR 58 4 Jai (B 247 8 L v AR 2
(FE 2—4) , Hrp 2009—2018 IR EEAE R A E XK T3 1.2 £%, A KK T2 1.6 £%, P E X M A
XAE 2018 443 HIA B 5T X B ALY 62.4% A1 31.3% , L AEH AR

R4 ZEEERFTOMER

Table 4 The results of spatial principal component analysis

£ FHEE U5 2 TR % U5 2 Bt ik R %

Principal Characteristic value Variance contribution rate Cumulative contribution rate of variance
component factor 2009 4 2013 4 2018 4F 2009 4 2013 4 2018 4F 2009 4 2013 4 2018 4F
PC, 1.311 1.980 1.172 36.6 55.6 32.9 36.6 55.6 32.9
PC, 1.159 0.621 0.963 32.3 17.4 27 68.9 73.0 59.9
PC, 0.593 0.374 0.596 16.5 10.5 16.7 85.5 83.5 76.7
PC, 0.232 0.306 0.594 6.5 8.6 16.7 91.9 92.1 93.4

B2 2009 FHIREIEE 32013 ERAREES
Fig.2 Thermal Environment Pattern Value in 2009 Fig.3 Thermal Environment Pattern Value in 2013
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4 2018 FHIRERS
Fig.4 Thermal Environment Pattern Value in 2018
TEPV,y, = 0.366 X PC, + 0.323 x PC, + 0.165 x PC, + 0.065 x PC, (14)
TEPV,,; = 0.556 x PC, + 0.174 x PC, + 0.105 x PC, + 0.086 x PC, (15)
TEPV,,s = 0.329 x PC, + 0.27 x PC, + 0.167 x PC, + 0.167 x PC, (16)

LA 2018 4FARIRIES S5y Sy SEACBE ) T, 800 3 5 T RIHEAR B T Y 8 7 DU 2R A8 0T AT B A
RO H T AT IE PR Al RS I T IR A S AR R AT AT RE R R el 1 A FR BRI RS S5y 5 T Dy IR 5
1% SRR /K B BH) Z2 43 A e 1 2850, 3885 5 B A DG SR R IR e 2013 45 58 7 v il /0 W Y ¥ /K
Sl e AR VR B R T AR 3, S BUR MR A PRI Y BE T8 , IAER SRR SR (Lt BRI e Bl ; st R M 22
T 2E450T , Hy BLI Afipe ol L2 il TR RS R RISk AR B 8

F5 THRARBME I —IVERRSMEILG
Table 5 Distribution proportion of land use types in class I —IV

RS B IERTY BIERR
- BRRE/ % EAE % IR AL % FRELEAL % -~ [SEWAR(EN

R FH2E . . [EWAR(EN

Continuous Get better after Get worsen after Continuous . Corrected
Land use types . L . . Resistance value .

improvement deterioration improvement deterioration . resistance

. before correction

or stability value
AL Development land 14.2 43.3 24.0 18.4 360 349
HUR /KL Massive waters 23.7 58.4 9.5 8.4 152 146
HPAR7K I, Banded waters 15.9 56.3 19.3 8.5 209 201
ZEith Green space 9.8 24.8 52.5 12.9 318 312
#EHb Cultivated land 6.0 13.9 70.4 9.8 302 298

B T — VGBI BB IE R ECN 0.92.0.95.0.98 1, BIEG, KEHUR/KIEL ARRK LKA Gr5% %
T30 3 bR b A8 BE ) (i — 2D R AR, A () 25 30 r by i JBR T A DL 385 0T . R LA TE 5 45 - b R RS R Y
YRR IIE , T3PS T HORAK SR RK S5 o A0 BT b A0 o e LR A 18 ) o v ) o, 56 ) i ¢ BEL ) T 1Y)
R R T H(E9) .
3.4 Z)RGLR-IT SO 45 R I

W3 AreGIS Y5/ N B BH B ARUASHD e /N A 6428, A5 380 < VG-V YRR BT 351 2%, A HP 4R B < -5
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