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Assessment of urban green space cooling benefits from a supply-demand matching
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Abstract: Rapid urbanization and the intensification of the urban heat island effect have significantly increased the demand
for effective cooling services among urban residents. As a vital component of nature-based infrastructure, urban green spaces
(UGS) play a key role in mitigating urban heat and reducing thermal exposure. While existing research has extensively
examined the biophysical cooling effects of UGS, many studies have overlooked their function as a spatially distributed
public service infrastructure that should be aligned with residents’ actual thermal needs. In high-density cities with limited

green space resources, assessing the spatial equity and efficiency of UGS cooling services requires a supply-demand
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perspective. To address this gap, this study proposes a supply-demand evaluation framework that integrates UGS cooling
capacity, the cumulative effects of multiple UGS paiches, and population-based demand. The main urban area of Fuzhou
City, a subtropical coastal city in China that is increasingly affected by extreme heat, is selected as the case study. Two
indices—Cooling Supply Index (CSI) and Cooling Demand Index ( CDI)—are used to quantify the supply of UGS cooling
benefits and thermal demand, and to evaluate their spatial matching characteristics. Multi-temporal high-resolution remote
sensing data, area of interest datasets, WorldPop gridded population, and census data are integrated to derive spatial
patterns at a 100 m X 100 m grid scale. The study also identifies urban-rural gradients across inner-, central-, and outer-
ring districts to inform targeted planning. The results showed that: (1) UGS cooling distances in Fuzhou range from 11 to
757 m, with 92% of green spaces exhibiting effective cooling within 30—430 m, and an average cooling distance of 226.03
m. Cooling intensity ranges from 0.02 to 2.83 “C, with a mean of 0.43 °C. (2) Spatial patterns reveal that high cooling
supply areas are concentrated in the central and outer-ring districts. In contrast, thermal demand is more widespread and
intensifies toward the inner city, forming a “periphery-to-core” gradient. The overall supply remains insufficient, resulting
in a total deficit of 2.77 x 107 person + °C. (3) Supply-demand mismatches follow a clear urban-rural gradient, where
inner-ring areas experience high demand but insufficient supply, and outer-ring areas possess abundant cooling resources
but low demand. Central-ring districts present the most severe mismatches, with substantial areas of both service shortage
and underutilized supply. Based on the identified mismatch patterns and the Fuzhou Green Space System Plan (2021—
2035), the study proposes differentiated strategies to enhance the effectiveness and equity of UGS cooling service provision.
The findings offer methodological support and practical guidance for improving urban heat resilience and optimizing the

allocation of green infrastructure resources.

Key Words: urban green space; supply-demand mapping; cooling benefit; urban-rural gradient; Fuzhou City’s main

urban area
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Fig.1 Spatial overview of Fuzhou City’s main urban area
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Table 1 Statistics of urban green spaces with cooling benefits

X35 SeitdEhn PR PR RS /m Rk EE/ C AL/ km*( 5 16/ % ) Boig/ A (5 /%)
District Statistic Cooling distance Cooling intensity Area( Ratio) Amount ( Ratio)
NIFIX A 261.38 0.51 337018.51(1.72%) 8(1.71%)
Inner ring district FrifE 2 150.78 0.34

5 5 FRR 0.58 0.67
IR FHE 274.65 0.50 3264651.61(16.69%) 104(22.17%)
Central ring district b2z 147.81 0.36

5 R A 0.54 0.72
HRERIX SEHE 211.07 0.41 15953891.17(81.58% ) 357(76.12%)
Outer ring district PR 149.43 0.36

5 5 ZRB 0.71 0.87
Lol FEE 226.03 0.43 19555561.30( 100% ) 469(100%)
Whole area b2z 149.43 0.36
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Fig.3 Urban green space cooling effect
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Table 2 Supply-demand matching subdivision statistics
(LT UN B SrIX Gt Do s B it/ % PNEEE Hi e/ %
Supply-demand matching Partition statistics  Grids number Ratio Population Ratio
AR ZENS 6 0.27 873 0.47
Low supply-Low demand PIRIX 71 3.24 8095 4.35
HPERIX. 2114 96.49 177301 95.19
Eoet) 2191(6.79% ) 100.00 186269 (6.22% ) 100.00
- m PRI 25 2.75 6638 3.13
Low supply-High demand PRI 361 39.71 96287 45.40
IR IX 523 57.54 109170 51.47
E) 909(4.58%) 100.00 212095(7.09% ) 100.00
AR PR IX 16 1.76 2262 2.20
High supply-Low demand PIRIX 59 6.48 7877 7.66
HPIRIX. 835 91.76 92680 90.14
43l 910(4.59%) 100.00 102819(3.44%) 100.00
e k- BZNES 98 4.47 29543 5.09
High supply-High demand PR 783 35.74 252378 43.52
AKX 1310 59.79 298032 51.39
43k 2191(11.04%) 100.00 579953(19.38%) 100.00
k4525 F X HERIX 473 3.47 162773 8.52
Service gap areas HIER X 2284 16.74 647415 33.87
HPHRIX. 10887 79.79 1101123 57.61
Ee) 13644 (68.75%) 100.00 1911311(63.87%) 100.00
Fiit Total 19845(100.00% ) 2992447 (100.00% )
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Fig.4 Supply-demand spatial distribution of urban green space cooling service
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Fig.5 Spatial distribution of urban green space cooling effect

il I 25 (LT Ve BE S5 A X PR T o e ds 28 P XM (It o 3 I ST i 1 AT S X I 7090 YA 1T, DA i e B
AN BGNARSEIEAT T 1, e R RI St 3 A, ARk 6 D R r DU S i 4 () A S 4 gt
UGS i Ja s b 5 I REsR AL 1L B2 e RS2 4 o A1 RAS [R]30 2 (6] JZ 20, BRI S AL PP SR . N R IX
DAL FH i e 8 5 ELN 1 38 g, WA A 55 208 7 d o P B, e DG e AR R 1 B R AL e T AL 5 T T 4 B
SESL AL A R AR T 2k i (45 5 WX B UGS #EAT RO, 32 T IR B i S 25 LRE 1, R4 B K B i
PR PEIRLARICR ) IR DA A A IR T i1 S DX, O T A 0 R A R T R A b
F 53T WGE R R [ A0 1 8, $12 Tkt 28 4855 FAXURG A Jmy B9 25 TR BE , G2 UGS I35 S L a1 R, AR IX.
UGS BEIRF 5T (BT A5 AR, LN V88 BE ARG, S M) PSR A TR 4R T 10 s R AP R i R T et 56 3
R AR A A 2 IR A ) LS TR F RS ] AL ST R TR £ R RS b I 55 R O
AT ST R DX T8 KU 5 5 AR AR AN T RE . EAb, BEXT 5 TR K HE RSOV Y UGS, A ) Y94 2 o M LA
oAty Sk bt LR A2 B JC R TR AR 555 00 o /KA UGS 2 BB 4R A8 &2 2007, L 7K A 1 K ) 1 ¥4 580 5 T
UGS X FRALKILE 1 UGS MR IR AL S LA 18 . BIF5T B, 15 S — A AL T AN i AR 2 7 o i
I3 I ERBE LA K A B UGS SR AT R i TR kAR (E B B FIIE 8 148 A A2 LA 43 B0 TIE 5 7K s e
(1 UGS BEIRATR A 8% JLREIE IS B 7 Sk S b D) o - MUASE /N L4388, M LA A 000 A 94
WX, IR AR, eAh, 5T A T A A R AR 55 T30 T UGS W% A8, JE LA 7
AP IX UGS BRIV K e 55 A SGE R 1 s 17 DR AL R A Fh 2 5 450 2 T IR 4 B A S i 1 588
PR IhBE . T3l BRAT 1 SR LA e AT e XL ) b ) 5 2 [R5 19 UGS 8 B 4% JF 4T

http ; //www.ecologica.cn



10 xR 45 4

A TR HE T SRR e UGS DA 25 L ) 1 97780 R G5 T 8 T S5
5 R
42 RS ARIEY

DRICHA R 2 Ak, ARTFSAEAT UGS WEIR IR 5 1 ELSIBRARAS UGS 0 ELHR M (.8 0hIX 14 19 1ST 4
AT A2 IR UGS B AR 2 F A2 00 T4t 2 TR0 R Tl R iy e UL 2 1 i
ok /B R SDIIAR T 95 1 T8 78 5 0 -4 M PR 073 9 L o) B TR 2 e
ST ST B 50 BER 0 H 5O 5 B8 R TSR 15 UGS R 361 o B84 4 P B 183 5080, T
SRR XL R SRR 6 2 R R 38 S0, A P14 1 A 2 O R (R 5 150, e
ORI ST I AR ER T IX 53, RIS B HEIR R 2 22 5 19 51 TR 555 U5, B 1 12 A1
SRR 5 % 5% RBFIE AN 5 Ao b D TR B M P R SRR

5 i

AAFGE MALTT UC B A VIR GY , W T SR MR R 55 75 oK 5 45 R P RE S | LAAR N T 2k 1) i A P4
TR RAE UGS Bl 80 AR R 55 A A5 UG A 50, -5 6 3ol id BB AR A0 SCPR B 10 T 1o ) A [) B )23
1) UGS fLfboms . EZ4580F .

D) AN T FEIRIX UGS BT E A T 11—757m, Ho b 92% (%) UGS R il 25 24 30—430m, V-3 226.
03m ; FIRBR FETE 0.02—2.83°C 2 [1] , F-H 0.43°C

2) UGS Rl AR 55 b 25 78 s YE A B, = (i XA v e Hp R IXRIA R X TN D F5 R A B S e < &8
T AR 1) 23 [RIBE BEARAE . WF9E DX AR AL T A R SRR A BRI IR 55 o 7 3, AR R IR 2,77 %107
(AN-C),

3) AR VCECOC R AEAS (] b S B B S () Bl 2 254 22 5 Bt 38T AR B ) S I 2, S 30 DA < i -1
e b BT B PR AR

ARWFFTR AT UGS MR S5 LT PR A 220545 UGS BRI | PR R S5 b4 5 N Rk ATk, 51648
WFFE 8 RN RO E A TR AL TR AT A A DU Ak X R e A X AR KA BT, AT 7 38 i %o
N CVEEHEA B IE RS EE AL 22 100mx 100m 385 [, 45 4 Fead A 1 T B R B 2 L B 50 B30 v 7 N 1D 7R
FENR S5 B 2h 7 18T, [R5 T IR 45 3 36 N T8 UGS B TR AR A B B8 0 S 24~ UGS 1S 5 i SE PRl 4
AR AR A PEE A 56 A VB R ITAS , I HEZR BENS T MERA b 22t LT 22 S 53 o W ) 2 1) o] ]
JR 7R BETT VCECE 0 , AT R e T LA AR (0 30 7T 8 152 SR, A B T IR o o A R 9k Tl R0 4] 2 B g e
IO S 3 T IR IR )AL, AR 2 A i A R AR A RN st Sk i ) AR AL T O A A 8

S 2% 30k ( References) ;

[ 1] He B J. Cause-related injustice, process-related injustice, effect-related injustice and regional heat action planning priorities: an empirical study in
Yangtze River Delta and Chengdu-Chongqing urban agglomerations. Landscape and Urban Planning, 2023, 237 104800.

[2] XuZY, Zhao S Q. Scale dependence of urban green space cooling efficiency: a case study in Beijing metropolitan area. Science of The Total
Environment, 2023, 898: 165563.

[ 3] LiuH, Huang B Z, Cheng X, Yin M Q, Shang C, Luo Y, He B J. Sensing-based park cooling performance observation and assessment: a review.
Building and Environment, 2023, 245. 110915.

[4] XieHL, Wang X K, Hu X T, Shi Z Y, Lin H, Xie X Q, Chen L X, Dai H X, Zhang J, Xu M J, Liu X Z. Exploring urban green space
optimization of the urban walking life circle in Fuzhou, China. International Journal of Environmental Research and Public Health, 2023, 20
(2): 1180.

(5] FRMsk, SSCHE, IROOHE. EISMET B ARAIARDL TS 58 (NDS) DFFEHE)R. A ESR AR, 2024, 22(3) : 1-13.

[ 6] YouMZ, Huang J X, Guan C H. Are new towns prone to urban heat island effect implications for planning form and function. Sustainable Cities

and Society, 2023, 99 104939.

http ; //www.ecologica.cn



23 AR AF TR VC LA T BT Sl AR AR 2 A —— LA P T 23 X R 41 11

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

(18]

[19]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Chen M, Jia W X, Yan L, Du C L, Wang K. Quantification and mapping cooling effect and its accessibility of urban parks in an extreme heat event
in a megacity. Journal of Cleaner Production, 2022, 334. 130252.

Xiao Y, Piao Y, Pan C, Lee D K, Zhao B. Using buffer analysis to determine urban park cooling intensity: Five estimation methods for Nanjing,
China. Science of The Total Environment, 2023, 868: 161463.

Xiao Y, Piao Y, Wei W, Pan C, Lee D K, Zhao B. A comprehensive framework of cooling effect-accessibility-urban development to assessing and
planning park cooling services. Sustainable Cities and Society, 2023, 98 104817.

Zuo J, ShiM Q, Jia W X, Yan Y, Song X Y, Shen R Z, He J L. Reducing heat exposure from personal cooling strategies to green city construction
in China’s tropical city. Science of The Total Environment, 2024, 927 171955.

Shi M Q, Chen M, Jia W X, Du C L, Wang Y T. Cooling effect and cooling accessibility of urban parks during hot summers in China’s largest
sustainability experiment. Sustainable Cities and Society, 2023, 93: 104519.

TRk, GHOT, SRET LA F - IR, R RN T A X A R R (¥ 0TI R AR 25 . IRERRL, 2025, 46(3) -
1924-1936.

Xie H L, Wang X K, Wang Z F, Shi Z Y, Hu X T, Lin H, Xie X Q, Liu X Z. Mismatch between infrastructure supply and demand within a 15-
minute living circle evaluation in Fuzhou, China. Heliyon, 2023, 9(9) : €20130.

Zhou Y H, Xie H L, Liu X Z, Wang X K, Wang Z F. From service capacity to spatial equity; Accurately and comprehensively evaluating urban
park green space distribution under multi-trips mode. PLoS One, 2024, 19(1) : €0296629.

M TSR, EREH M. fEMNgitaE%-2022. dbat. shES T, 2022,

Wul Y, He QS, Chen Y W, Lin J, Wang S T. Dismantling the fence for social justice Evidence based on the inequity of urban green space
accessibility in the central urban area of Beijing. Environment and Planning B: Urban Analytics and City Science, 2020, 47(4) : 626-644.
B, WA, R, EIEHE, KA, AR, TUARAT. iR R O I X W 4 RV R SOV B s ) PR R —— L s T FR K L P X
Ml AEAEAR, 2023, 43(12) ; 4904-4919.

XUHETY, Bl , SCHSC, AT, A, XU AR TR B B v B 280 A HE R P R F ROkl R 2l FARBRSARR, 2024,
48(3): 295-303.

Roshan G, Moghbel M. Quantifying the cooling effect of rain events on outdoor thermal comfort in the southern coastal stations of the Caspian Sea.
Journal of Thermal Biology, 2020, 93 102733.

XUERR, BRSCwE, BB, ARV, WA 30T AR AN R AR Al R B RO PPA —— LA BRI . AR A, 2024, 35
(2): 480-488.

Lan L, Tang ] Y, Wargocki P, Wyon D P, Lian Z W. Cognitive performance was reduced by higher air temperature even when thermal comfort was
maintained over the 24-28°C range. Indoor Air, 2022, 32(1) . el2916.

Yang W, Zhang G Q. Thermal comfort in naturally ventilated and air-conditioned buildings in humid subtropical climate zone in China. International
Journal of Biometeorology, 2008, 52(5) : 385-398.

Yu Z W, Guo X Y, Jgrgensen G, Vejre H. How can urban green spaces be planned for climate adaptation in subtropical cities. Ecological
Indicators, 2017, 82. 152-162.

Cai Y B, WuZ], Chen Y H, Wu L, Pan W B. Investigate the difference of cooling effect between water bodies and green spaces: the study of
Fuzhou, China. Water, 2022, 14(9) . 1471.

Liu S, Li X F, Chen L, Zhao Q, Zhao C H, Hu X S, Li J. A new approach to investigate the spatially heterogeneous in the cooling effects of
landscape pattern. Land, 2022, 11(2): 239.

You M Z, Guan C H, Lai R W. Spatial structure of an urban park system based on fractal theory: a case study of Fuzhou, China. Remote Sensing,
2022, 14(9) . 2144.

HARR, O, BB, BT, ZEHR RS0 E R R AL SR R R —— R T A S R GRS I F TR . RS,
2021, 41(12) : 5045-5053.

B As, X%, b T = 0 DX R ST A 0 B A SR T AR A IR SR 2 ) S . BB Rk, 2024 1-15. (2024-08-20) . https://link.
cnki.net/doi/10.13227/j.hjkx.202405264.

Zhou W, Cao W, Wu T, Zhang T. The win-win interaction between integrated blue and green space on urban cooling. Science of The Total
Environment, 2023, 863 160712.

Hamada S, Tanaka T, Ohta T. Impacts of land use and topography on the cooling effect of green areas on surrounding urban areas. Urban Forestry &
Urban Greening, 2013, 12(4) . 426-434.

WA, . G zs IR SRR . SOWIRIEALA . 2544, 2024, 44(4) ; 1336-1346.

http ; //www.ecologica.cn



