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FEEE  RAUBOR ) 15 e R T #4 5 A%00 (Urban Heat Island , UHT) 33 2 i 24 $ul 17 PR3 5 ek 1) S B , X 4 25 1) SR IBR At B 2 WA ML il P AR A A 2

LA T #4558 2 (Urban Heat Island Intensity , UHID) B 25 IS HUHE | 22 I (] RUBE I 28 SCIRRFAE TR 43 BT He 22 R RS2 ma LR . 25 2R3 1 . OB
SEIAS 17 PM, P HEAF IR UHTT AR50 1R W 26,02 pgem™ 1 0.68 “C. PM e LR A 25 85, URITL 55 2 MU KM 17 P, e 86
Sy g AT PGPSR A B 5 5 39T e L IX 1 R AR T T IR L R AR B (SR PR X AR DX 22 AT TE SR T PG 3 5 @PM, 15 e in s b
UHIT 3 FA, P 7 H A N3 B P 3 SR 5G A SE R BB IR 2-0.292~-0.977 , HLAE A SE M B B0 25715 By H> A P {E>
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Evolution, spatial-temporal correlation characteristics and influencing
mechanisms of PM,; pollution and urban heat island effect in Zhengzhou

WANG Xiaoxiao', WANG Chaoqi', ZHANG Yali"", LI Zhe'*, YIN Tianmeng', MU Bo'

1. College of Resources and Environment, Henan Agricultural University, Zhengzhou 450046
2. College of Land Management, Nanjing Agricultural University, Nanjing 210095

Abstract: Atmospheric particulate pollution and the urban heat island (UHI) effect are both critical factors influencing urban environmental quality.
However, their interaction mechanisms remain complex and insufficiently understood. Based on ground observations and remote sensing data, this
study analyzed the spatiotemporal variations and multi-scale correlation characteristics between PM, ; concentrations and urban heat island intensity
(UHII) in Zhengzhou from 2016 to 2022. Correlation analysis, bivariate spatial autocorrelation, and the geographical detector model were employed to
examine their interrelations and dominant influencing factors. The results showed that from 2016 to 2022, the annual average PM, . concentration and
UHII in Zhengzhou decreased by 26.02 pug+m™and 0.68 “C, respectively. PM, ; concentrations were higher in winter and lower in summer, whereas
UHII exhibited the opposite seasonal trend. Spatially, PM, . was higher in the northwest and east, and lower in the southwest. High-temperature zones
during the day were mainly located in the central, southern, and eastern parts of the city, while nighttime heat was concentrated in the urban core.
Cooler zones were primarily found in the western regions. A significant negative correlation between PM, s and UHII was observed at daily, monthly,

and seasonal scales (r = -0.292 ~ -0.977) , with correlation strength in the order of seasonal > monthly > daily. In contrast, a significant positive
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correlation was found at the annual scale (r = 0.857, p < 0.05). Spatial correlations were predominantly negative, with low-high clustering patterns
prevailing in urban areas. Nighttime correlations were stronger than daytime ones, while daytime patterns exhibited broader spatial clustering.
Precipitation, the normalized difference vegetation index (NDVI) , and nighttime light intensity were identified as the key factors affecting PM,
concentration and surface temperature. Precipitation and NDVI had negative effects, whereas nighttime light showed positive associations. Interaction
analysis revealed that precipitation and the proportion of the tertiary industry primarily influenced daytime temperature, while nighttime temperature
was mainly driven by nighttime light and the primary industry. These findings enhance the understanding of the coupled mechanisms between PM,
pollution and the UHI effect in rapidly urbanizing areas and provide scientific support for integrated strategies to improve urban atmospheric
environmental quality.

Keywords: PM, ; pollution; urban heat island effect; correlation characteristics ; influencing mechanism; Zhengzhou

1 3|5 (Introduction)

FED I T AR Tl AR 30 R A A T LN 0 S8E D R Tl A v BE AR T W B 7 A KRR T
TS 000 4 A AN R (R . PML, A KT e W i i B4l R 43, & B A s F W e, ELAE RS s
BRI TAJ i 228 L B9 02, X 2 I e AR 9 BB A S5 A R S ) 52 W) (Il E S5, 2022) . 3T DXl i 3%
1o TR B X A3 7 #5250 (Urban Heat Tsland , UHT) , 5 68 PR ARSI, 38117 S B AG H 26 36 A e %
1 (Estoque et al., 2020; 2554, 2021 ; Anser et al. , 2025). W53 3 ] PM,, V5 4 A1 UHT #5523 3nk 11 b 2k 72
FR R B TET RN, 5 Tl A2 38 | A A B N 2R T Bl A O BORERICE DIAR G , P Z [ A B T AH ELR2 R
(Lin et al., 2020;Wu et al., 2023).

2F AR SE AR (Yang et al., 2021 ; Ngarambe et al., 2021) 5% 3% B ( Feng et al., 2025; Zhang et
al., 2025) ,%ﬂ:i}ﬁﬁ?%ﬁé(]iang et al., 2023 ;Zhang et al., 2023) AT (Wu et al., 2017 ;Chen et al., 2025),
MR 8 1% (Li et al., 20205 Lu et al., 2023) FIGE 24 (Liang et al., 2021;Zhang et al., 2025) W53 PM,
15 YR UHT Z 18] (AR C 6 &R B a) RO 2 LA ZE 55 ] (Li et al., 2018;Cao et al., 2024) 4 RJE (Wang et al.
2021) 0 F LS A A OCOC R, B R UHIIE I 7 KA R E PR AN B B, DT
AT LI s BE AT T M XA A AR T Qe O B (Lai, 20185 Zhong et al., 2018). dA7 22 1A
RPN N IEA R ZR S IR R PML, (B I 10 JBEOIG 7 SRR, 0 I A8 ) WA AT 3R B A 4, O — 2D ik
T M UHTHESE (Yang et al., 2020). 84 HFFEIA N I BRI SGHE B A7 A 22 57 Wu 25 (2021) P A5 T
PM, , 1) 38 AT WSS HP e g 5 3 Tl #0007 5 B (Urban Heat Island Intensity , UHID) B 5200, & B8 PM, . 5
UHIITE KR SR G BRI E ARG . B HITOC T W& Z (8] AR SRR I — B, T2 5 AT R4 & B di R
Pag s — Bf R RBERE EANE 411K ( Feng et al., 2025 ;Songsom et al., 2025).

PM, ;75 4 Fl UHT B R BLAR FBOR 832 B 4t 22 5 T 22 F TN A SR 3895 (Zhao et al., 2024) | 3 75 9
(Saha et al., 2024 ) , TV 3238 (Wu et al., 2025) Flft 22416 (Feng et al., 2023; Cichowicz et al., 2024) %5 77 1
WFFE PM, ;15 5« F1 UHT RS2 AL, 45 R R P A7 Z AL Catton 55 (2024) T3] 1IN AR 322
BT B 2 SR Z (A 5K 2R, A B K BEAT A0 Al UHILR PM, ¥R JEE . Chang 2 (2025) 73 #7 U HESE
24367 T AR ROV 5 MURL ) 2 TB) S PR R R IWIAE UHTIVE T AR s 8 BRI R K S5 A R I R 4
RSO A5 Gt Li 45 (2022) 4301 1 A2 0 W B 8 Rk 23 28 R B B AL 50T PML R UHTAR G 6 R, R
PURE T AR R K AT A, 23 AT Y 5 T R R I BRI, ST Sl A DX A A
H AT P GRS i ML A A5 L A SR A8 R 32, 6 TAHE S & U Or i A A x>, HZ RE T
B — PR X T 5 G R S, XA () R 8] 4 38 AR T B L ZR5 52 i DG TR /D A T8 BRIl e A7
AR BR BT RS . Ry 1A RO BT IR IR, i i i A () B ah U, DA 22 g T) RUBE 3 B H s
TP DX 5 22 8] ) SCIRARFAE e 22 Tz mi A =%

KIS PH T 20T P 48 2% L T G0 P I T R B S Y 255 S AR AL, ST A SR I T RS e e , N 1T R
T, AR ASEREE ) RIGE Y, A0 475 308 T DR AU ) e J32 ot v R BRI R4 B I A5 D T . DRLUG , AR B LAKB M T Ay A
FERFGE, HE T 2016—2022 4F PM, 5 ¥4 B2 5 A 9 52 00 R J8BCHs , 43 BT K PML, 515 e 1 UHILE R A5 AiE , s
B H RN A I ] REE RIS T PM, ¥R B2 5 UHIL A4 I 25 SCHRALARE , WIR A R ™l
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VRIS 2l 55 22 07 TR R T 28 DG IOARAAE (4 52 W AL, LAY DAy S e DRt 38 vl fhe it DX A A 8 A Ak 3t
JH LA J A0l 5 T BRI 188 o 3 S (R = 0

2 ##5 7% (Materials and methods )

2.1 HRERER

BN T AL T A H AR, AR 28 112°427 ~114°147 Jb4: 347167 ~34°58 ", B THI AR 7446.2 km?, LI BT
RV B AP T, PEARE L, RT3t (] 1) Al @ Tl KRB A, AR P3O AE 14 “C&E 4, 1L AR
S A5 7 A e S A 4y 5 A TR K BETE 640 mm 245, BRI Z= [ K 5 22 TR A P ZE AR
TN R BURF A, 2022 42 A8 T A0y 38 DX 38k 17 2 A X TR 774.32 ke, T 38030 7 A A% X TR FL A 1384.51 km?,
HAENE R 1282.8 J7 N Ik b 383K 5] 79.4% , R -0 AT 1 Ry 533 T4 AR KM T BREE B i IR 1l A i, 2022
AEFRHN T PM,, . PM, . 0,.S0, .NO, Fl CO #¢ B 4351}y 77 .45 .178 .8 .27 pg-m™ Fl 1.3 mg-m?, 3l 17 25 T AR IR
ANZEIERW

B1 #MERESESHRESKEMNESSH

Fig.1  Study area, air quality and meteorological monitoring stations

2.2 HIERRE

WFFE HEHL 2016—2022 AR KM 7 28 /S5 it RS G W DUV | 00 405 S I A5 4 A8 JER S A5 B0l W el , e s
T8 i = AR AR OGP 43 A, 32 SR ESCH AR 2 (8] DGR ARAE 53 AT . PML s A% 2508 >k B ChinaHighAirPollutants
(CHAP) B8 48 , 12880 filt G b T W00 19 3o JERORTT DR A A B8, ok v il 5 58 U IE &R 40 R 3% 0.86~0.90
(Wei et al., 2021) K BE AT ¢ B IEGEAR 5 32 =55 52 W0, X MODIS 4l 47 25 = A 3, 9K 5 A7 JL AT A%
1E VHECRAE BOE DR LA SRR BY S AR TAE . A, b B 2R A T R AR AL B, AR A ] 4R R 1 kmx ]
km FORCHEAE , 55— H 52 AL bR 2 0 WGS_1984_UTM_Zone_50N.PM, , F1 UHI 19 5% 0[5 25 5098 3 B 4045 [ 4R
RS TR R AR AR A S HOR IR AN R 1 R
23 WRAFE
231 UHIMTE  UHILE ST G DR EE 538 IXOR 1Y 2218 (Rajagopal et al., 2023 ). 38 DX SR B A7 T 3%
XN A G it 5 s, B XS P oAt 7 3 S AP IR s B AR L (1),

T = Tonwn = Tosbosbn (1)

Ko 7, REEUHIL, T, AR X AR, 5 H SR Ty ARBTG5 H SRR
232 UHHERXS EEGAR 0 RITIE RS0 4 il o) b 206 B2 A, AR P8 24 2K (2) 71550 1 3R 3, 75
ArcGIS 10.8 W% FHEME A B A8 BRIN T 2016—2022 457 H Ko 4% 2271 1 i ¢ 15 70 A7 18 e MR i 9 (-
T 2 % T B S IR AT R 43 (WRAA AR AE: , 2009) , K] 3 o UL 3¢ 2. g 1 b 9 T 8 5000 1o 24 (R b v 22 2 P
ArcGIS T 205 T i BeAR gt T T
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R HAREIBERFKIE

Table 1  Research data and their sources

Hedli e Hiasady  WRNE SR Hdlife
N PM, H i FRMN T A A5 EREE J) (https : //sthjj.zhengzhou.gov.cn/)
SR A e
SR H il a5 A A4 (http < //ha.cma.gov.cn/)
PM, H 1 km CHAP #¥54E (https : //weijing—rs.github.io/product.html)
R R O " . NASA LP DAAC #24E A MOD11A2 %484 (hitps : //lpdaac.usgs.gov/products/
mod11a2v006/)
R A 0.04° TerraClimate (i 4E (https : //www.climatologylab.org/terraclimate.html )
[k 4 1 km [ 5 o SRRk #8508 P 0> Chittps : //data.tpde.ac.cn/home )
EENEES ¢
AET A 1 km [l 5 77 98 o TR B2 2505 v (hitps < //data.tpde.ac.cn/home )
NDVI A 1 km NASA JEE MOD13A3 Bl 4 ( hitps : //lpdaac.usgs.gov/products/mod 1 3a3v006/)
PIAT SeFa 5k A 500 m LERASACBL =R 5 1 AR R 2 (htp : //www.geodoi.ac.cn)
GDP 4 /
T /
= — b 4 / BN T GE T IR (https = //tjj.zhengzhou.gov.cn)
el i /
T = 0.02 x DN - 273.15 (2) 2 ANTRBBRESEYS
:Et ':F‘ , Tjﬁlﬂﬁ%%ﬂﬁ ,DN ﬁ@@?ﬁ{%f?ﬁﬁfﬁ ) Table 2 Classification of heat island intensity in Zhengzhou
W s, N e = ey AR U SR AN
233 MEREE MOCFEULIREME M ERE 2Ll e
<u-slt i X
N 2 s P, R 02 P 3 Jor 8
A VBRI O3 46 2 0 2 A L
KEBE(ERRE, 2022). HHHAL (). u=0.5std<T< u+0.5std rREIX

u+0.5std <T<u+std KRR IX

R = Nleyi - zxiz% (3)
- T=u+std ERX
JN D - /(zxfz)/NE%Z =[S s AT std A2

AU, R PM, ¥R IS UHIT BRI SG ZR 0, o0, 055 A6 )i PV ¥R JSEARL, y, DA 55 ¢ A Bk [] e UHTT{E, VO 28
S R>0 RV EIEADC , R<0 KR AR SC , R 48X BB R SR A AR DGR .
234 WNLEETEBMEXSH  BULE A [H] [ AHCALHE 4 7 %5 8] H A OC (Global Spatial Autocorrelation ) Fl
Jay i3 (8] H AH ¢ (Local Indicators of Spatial Association, LISA ) , i i3 5 *% #5850 (Moran’ s 1)/ A AH M ) 2 18
b4z Jay AR OCHE B, B e G A 25 (8] SCHR R JEE 5 8 1) 22 5P (Anselin, 1995). 3 FEAILA(4).

> S, (x, = %)y, - 7)

J= it - (4)
S0P 2w
A, 1042 7 Moran 4845, n 28 25 (0] BLITEL , w,, R 23 RIACEE H B, o, R0y, 43001 R PML, s TR 32 RN UHIL 7 %5 (] BR.OT
i BRI, S MAEA T 2% .
JryB s 8] A AR DGR A X (T s, 2021) WX (5).
I, = ziiwgzj (5)
Ao, 1A R Moran 688, 2,2, 2 23 A1 TC i WLINAE B 5 22 bR db , AR A5 ) L
235 HMEZRSH  HIEEIRIGSE AT BRSOk AT AR 2 B AT R R O R Mg T g

Z TR R 2 530 AR UL g (B 0 B 4% ARt 0 R AR 53 1) 0 S5 P R R AR B2 A 48 A (W et
al., 2021) . 318K (6).

DR W N =
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L

zN/,O':

— _ h=1 6
7 No? 6)

Arh, g i A A2 G 0] R 2 A SE M R BE L (E O [0, 1], iR M8 s @ (R, B =B/ 5 b Ry SR 3 B 1 4
JZ 5N, FIUN 5350 Ry e — 3 R RN XU REA R o) o 53 0 R e — 2 RIS DX I Y 7 22 0

28 BRI o %] LR AR R R Y o (B-5 O0UR T 28 BAE R T Y g (H 25 5 200 22 B2 HARTT 79y - E
LM 55 R R gk s OO R sy AR Lt v (EALAE, 2022).

3 ZER5%9#H(Result and analysis)

3.1 M T PM, iR B 5 UHII B 2= L 4F1E

3.1 EBINTH PM, R BT ZS ISR 4E4E (1) FRMI T PM, V& J32 I [R] 28 AL AT . AR (PR B 2 S B i 45 80 (A QD)
FARME GRAF7) ) (HI 633-2012) , XF PM, ¢ FE H BB IEAT 5 9000 73 (181 2) . 45 3 7R, 2016—2022 4K
PM, M5 H {8 2240 T-O0 0 B 45 4%, 2019 4E 1T 35~75 pg-m™ i A i, 2019 4R 42 0~35 pg-m™ (5 i s , H™
Y5 Y KB R 0, 25 S5 B S G- 15 e SR

H 53 B KB AR B SN Tl PM,, sk B H H4 (i %

G U RIAR AR (- 3a) , PM, o H 2R B (8 22 4 B0

TELHANI2 A, FERZ A TR KR BRI

G, 55 58 KL H & A (Espina-Martin et al.,

2024). [FIEF, KM T PM, s v i 257 1 22 S5 0 i (&

3b), RN AT d iy , . H 2016 -4 F

Z 1 PM, W B 13K 121.37 pgem™, 2022 4F H ZE &1y

PM, V& JiF 5%, 0 21.20 pgem™. BF 5% 300 1a] 45 4

PM, V& FEAF 541 52 58 T I, Jim W IRt v 1 28 Ak e

([E2),2022 4 PM,  #e BE 4F Y {E 5 2016 4F PM,

AR A R AR /D 26.02 pg e m. 3X 5 UT AR R AR T

FREEHE I RIS Y B I R R L SR AL TOL TR 35 B2 BN 2016—2022 5 PM, AR ES IR 5 E1491E

/:E‘]}/? &Ziﬁ ]}? %ﬂ E‘]}E g‘% gﬁp j(/ﬁﬁ%fé ‘YJ? ?}ﬁ ﬂlzj:lt:[hﬁﬁ % Fig.2 Daily average concentration distribution frequency and annual
TT/\ average value of PM, ; in Zhengzhou from 2016 to 2022
NH T .

3 AT 2016—2022 £ PM, B ¥IMEHIREE
Fig.3  Monthly and seasonal average PM, ; concentration in Zhengzhou from 2016 to 2022

(2) KM T PM, 7% J5 25 [] 25 SEARFAIE . BEHR 2022 4FAE AR AT , AN [RI I (] RUBE 9 3 % PM s v i 4 7
S (E 4) 7] L RN T PM, A 3438 B 45 (8] 20 A5 R 55 2 X6k 07 Y 25 25 9k i 5[] 49 A7 IR dr— 3. ./ 25 PM,
RS R (L DX 2 B0 A AR A T PE LS, 4 2% PM, ¥R 32 o (L DX P A 4B M T AR 3, 7 2 IRk 2% PML, 1R 52 i 1

HFEFIR https://www. cnki. net



334 o OB % ¥R 45 %

DI = B3 A7 A KR T P AL FRRIAR TS B T 7 Bk P 2 22 XL, W B R 2 S i DX Tl A Jey 2 4
PM, 6 P e 5 RN 7 2R AT AR B A, LK R U2, S EPM, TR P e A1, T A Z AL 2 25 S 20 P, HE K
R, SZ AT RV AL XU IR, S E0PM, ¢ 5 L DA PR KM T 2R

PM, ¥ B2 IR AR X 22 2315 70 RS T 78 R 50 , I 3 A0 2 3 X P, 5 2 D A ff oy . 3 3 5 S T b
HBFURE R RN 770l A7 2 54 56, VU R M DI R R e, A i S AR X B ey, Ui e AL R AT 2R
Z R RHIX , NS, T2, S B PM, T Y e A . by b ml AL, XM S i s 1 8 R AR S e IX
AT GEBA TAE A SAT M RIS Ja B, RN 45 5 T A FIK R TR B, 19 ¢ b /K S 55 T e =
(1) i PM, 575 2% .

4 MBI 2022 FPM, B EHMEHREZ B E

Fig.4  Spatial distribution of monthly, quarterly and annual average PM, ; concentrations in Zhengzhou in 2022
3.2 BN UHI A ZZRRFAE (1) FBHNTT UHITE [ 22 (R4RAE .2016—2022 4F K3 7 H fi K UHIT R %
B2 (F3), 3, 20162017 4F T+ 0.4 °C,2017—2020 4FH55: [ B K T [ 0.24 °C. 55K UHIT H #L7E
20214 (#5355 °C) L B IR UHILH BLAE 2016 4F (04 F3 2016—2022 FRIM T EHERBRE
-3.13°C ) %BJ\H ﬁ:f UHII JEJ i@ﬁ%'ﬁg%{ﬁj “u” ﬂﬁ’f‘t Table 3 Average annual heat island intensity of Zhengzhou from 2016 to

B (18] 5a) , 6 4 A7 F 2k B A0 6 25 2 30 2022
1A R 12 A% UHIT AR B RN T UHITZ: R RORBBREC RUMAREREC TGRS/ C
YRR, AAEM N EESESSKESL W07 407 313 225

2017 4 4.47 -2.07 2.36
e ﬁ e =} ET 4 N
% (6 sb). JUrb 2018 4F 5L UHILRL 5 900 i e S
3.04 °'C;2021 44 ZE UHILR S5 S N 078 'C.EE 594 47 . 5o
K FA R SR Z0 ok X e R AN B K AR, 2 Wi R 20204F 423 ~0.97 2.13
FHAE &, BRI T (Sharma et al.,2020) , AR X 20214 5.00 -2.18 1.36
VW 25 P MU 5, TT 2B AR 3B 75 U, (Zhang e —2022%F 3.40 ~10S =l
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al., 2024) , PRI UHT B Ry B I . 2825l R BH G R RS ) A e, 3l s R WA %) ' BB sk /b, UHIT AR XS 33255 (Jia et all.,
2019). 2016—2022 4FH5 M T UHTTAE B R A% 0.68 °C, UHT PR 4 A5 T 2% .

5 MINTT2016—2022 FHREEE AHFHE
Fig.5 Monthly mean value of heat island intensity in Zhengzhou from 2016 to 2022

(2) KRN T UHIL 25 (R ARFE AR 6 EE RN T 2022 47 AS [R] s ] RUEE F4 K (/& 6) AT (&1 7) Y UHIL %5 [
SRR LA W, ROBE SR I A 2 NRE Y UHIL 25 () 23 A FHAT « 36 2 1 R e T X 35 0 A A 5 6 T
AR BB iR X R A K, SR AR R A IR IX R T R A T R R, Bk 2 e R X Y B A A A
OB AR AR B A& Z R IX A A R KN T R S s 2 PR R A b T 4 XA 2 i A R BRI S T RS R b
DX DX EL B AR ST AR R AU . o i B 2R 8 > RO i A PR AR (kAR 55, 2021) , B gk
DX a0 T I S TR AR RO b IR X R A A AR N T P R SR Sk A RN T R e X R AR EL R
TR B AR T 5 AR IR DX 552 70 A7 70 AT 1 78 25 2 0 A DL SR R A s 6

TGRS N T 4% M X UHT 2275 AR fR i B /N (B 7)), 3k 5 2 52 46 (2023 ) X6 1 [ = 20T UHT I 98 24518
— B0 A ZEN IR DXL A AR FEIRIX B AR R i X TR DV P R T T R SO, AR X £
A AE B BT BN T 45 30 DX R AR T o, 1 W 1 UHLL 658 11 K B S 855, 5 3 0 2 B Sy 9 T A 25 7K i T A
S LB X SR o AE ) s HERAIG, 388001 P R 8 A i A7 30 5 1 2 B0 1) R 0 B Rl . A, Tl 3k DX PR 2
SN Z R, Y BN, IR DX A (SR A% 2021). PRk, — TR 448 R N T T2 9 X AN el | 2k b
FUR T AL, G20 05 15 P g 0 i T Ak, 1 P R S50 38 1 i S S0 LA L, DA I it i R SO A 55— T T
I 256 TH R DX A AR e s i B A SR B ol N 10 2% 8 RIML 8 ZE RS [] s o e 30 vl 3 JXUJBR
SIERENE R e T e W TR
3.2 T PM, K E 5B 0E B R KB E
321 XML R PM, 5 YLK G g W R A AR Oy R AV e 26 04F R B9 UHTT(IEL 8 ), &5 R 3%
B, 24 PM, e B4 AN, UHIL S AR ARG . 2016—2022 4F PM, (75 YL 25 9% 1t {0 W Ak 28 3 18 75 L i), UHIL 3
B3 59 F R 2.12.2.22.1.86,1.57.1.52.,0.90 F1 1.22 “C. FJ i SPSS ¢ i+ 23 B 55 424 X5 A ] B[] Bk PM, ¢ € 2 F1l
UHIT ST R IR AR A3 (36 4) . 45 S e I 1fF 5 300 ) 4547403 B9 KN Tl PML, vk B2 A UHITAG H L A N
FEIEI R A IR MR B3 BEE WFIE R K, A5G REGE W A8 K Horp, PM, & B A UHIL A ¥4
218 0.01 7K P52 53 5 AH 56, A 6 R 50T Bl R -0.714~-0.882, 2020 4F 12022 4E M 7E 0.05 7K | 5 5 2 A
XK, M R BH-0.598 F1-0.687. 4 AFE 215 BIEIITE 0.05 /K b 2 A E £ AH 56 BB H4-0.752~-0.977 ,
SN R B X 5 JUAE SN T RIS G VA B T AR iR 2, PM, R R R B 56, [R) st 32 1
PM, ;¥ B 1) AT 206k 55 L 5 UHIT 22 [a] A AH G

X RN T 2016—2022 4F A [R] st 8] )UEE 1Y PM, ¥ B2 55 UHTT B9 B (EREA TAR PRS- B , vl T & 6 H L H R
ZE RUEE AT R SR OGO R A O R B0 1M -0.456 (FE 0.01 7K BB I 25 A5G ) -0.77 1 (FE 0.01 7K i i
FAHE) F1-0.898 (FE 0.05 /K- I W FHHOC) A S 44F N H L H FIZ5 o br gl R — 2. 5 A Iz, 2016—
2022 4F- PM, ¥ i 5 UHTZEAE RUE oM IEARC M OC R K 0.857.
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El6 HMMT2022FEREMBEREBRABYNTESHE
Fig.6  Spatial distribution of daytime heat island effect at different time scales in Zhengzhou in 2022

BE7 AR T 2022 4 7R B B i8] R R R #4530 =5 18] 43 7R B
Fig.7 Spatial distribution of night heat island effect at different time scales in Zhengzhou in 2022
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El§ 20162022 F M T ARFTRERFREEES T
Fig.8 Distribution of heat island intensity of different pollution levels in Zhengzhou from 2016 to 2022

F4 2016—2022 EFM T PM, FRESHEBERXRY

Table 4 Correlation of the heat island intensity and PM, 5 concentration in Zhengzhou in 2016—2022

AEAy H¥ME H¥E R EIE AEHME
20164F -0.612" -0.856" -0.977°
2017 4F -0.547" -0.842" -0.946"
2018 4 -0.531" -0.882" -0.959"
20194 -0.420™ -0.815" -0.924" .
2020 4 -0.330" -0.598% -0.924" 0837
2021 4F -0.292" -0.714" -0.805"
20224F -0.458" -0.687" -0.752"

¥l -0.456™ -0.771" -0.898"

T " FIRTE 0.05 K B IRZFARSC, " RIRTE 0.01 K- AR AR

322 ZTEIEXMSH  (1)PM, MRS58 B 25 (0] 5 AT . 3T Geoda JR A1, HE T 25 [A] 4B U A H
[, D) F5e 3T 4 2022 4F 4% s 1] R JEE R AR 26 %A M T PM, ;946 B8 R UHIT R4 7 XA 23 18] [ AH & 2007 . i T UHI AR
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R 6 22 5 ) A, DR RS A ] IR 1] ROBEEA 7 B BA) o, TR AT ST P, € E R UHITL Y 25 8] A S

ARG 5 AT, KRN T PM, 9 HE T UHILAE AN [7] i 8] RORE 45 3 0 S 25 1) 23 1) 1 A S (p<0.001) . He
i AR b B s A et 22 S B, (K PM, R S UHI £ 528 W35 (0 48 [RLE ARG SE &, BRI R
1R 15 G DX 5 50 AR X 5 O 22 9 ISR 2R AP R 022 e i R T i SRS A A LT 522 i T A8 ik
PAKCT B 250 I Be i 5 4E H (Matak et al., 2025). 22755 RUE b RBIN T 2= = ZRFNRK 2R B 034 1y FRH G
KA LATEAR R IEM I, MR TR E AR RUE T, PM, R R UHITE R SO SESE R, FLR M 1Y) 235 ] AH
KR TR, ORI AR A S 2 2% 520 PM, R A UHITAY R 2

£5 IBMTPM,, RESADEEES IR

Table 5 Moran’s I between the heat island intensity and PM, ; concentration in Zhengzhou

R it i) Moran’s I(IE 5 AH56) ZIECREENE) plECEFEHE)
202241 HHR 0.1285 9.0770 0.001
20224 1 H -0.2116 -16.6278 0.001
202244 IR 0.1087 8.0402 0.001
" 20224F 4 H 1R 0.0564 43131 0.001
SR 202247 AR 0.1097 8.2770 0.001
20224F7 H IR -0.2116 -16.0141 0.001
202249 A IR -0.1822 -14.1141 0.001
20224F-9 A% -0.0725 -5.4745 0.001
20224 F TR -0.1055 -8.0547 0.001
2022 - F FE TG -0.1248 -9.5741 0.001
20224EH FE R -0.1302 -10.3849 0.001
R 2022 4F K B I -0.0784 -6.1466 0.001
2022 4FFKFE R -0.2281 -17.9167 0.001
2022 AF BT -0.1785 -13.8644 0.001
2022 4FEA&FEH R 0.1187 8.4707 0.001
2022 4R 4 T I -0.2469 -19.2669 0.001
R zozzﬁgx -0.1046 -8.1019 0.001
2022 41 M -0.1616 -12.8897 0.001

(2) PM, ;¥ J3 R4 I8 5 114 2 (1] B SR B 4K . 3z T BUZE 2t J) & Moran ™ 1 3E— 25 #R 2 B T PM, s ¢ B
UHIT Y 25 (8] 42 SRA% Jay B 22 S22 A (181 9) ARG 181 9 W] IR HY , WA FE AN [R] H 473 23 6] SR 0 22 Ak,
FUBE B, 1A T 55500 A 274 RURE 245 8] A7 B REAS DR R — B8 4 AR s SR A B AR AR AR N T EIX,
W i el SRR T Py 3 AT AR B T AL S R 8 5 9 H R 2 [ SR A 70 A1 2 S WD A, 13 R e SR AR 1 BB
AT 2R B B 3 A AR T X

FARE L, F R B e DU e AR 32, 200 78 X, OBk B R AR SR A 1)
ARl DA | 3R R S 5408 M AR S et D b B RN = KOS H SR TR AR - M R R, WK PR 5 s
THR R , 2 UHL I 5 (Na et al., 2023 ). 43 1K LUK e AR Al v SRAR D 32, 23 0 o0 A 76 %5 B T g 7 5
T HOR T A R AR L R LU R R A T VR R /N IR

AENUE L, HERAR R SRR AR e B, A A 3K A 22 ERHTRS i, T PR DA 1o 46 Ml X s 34 4
Tl DRI T DXIUAR Hh , 2 S MRS ARG, 1 R WSO PR AR 53 b e T, B e e e JiL X (R Y A1
OIS, FE PTG ol R DX AR ) ol T b 355 sl sl , Ay B G T S DR, T 2 3 DX R 2 At SR BEL AT B84, UHIL
W, T EUR R R B AN TS T IR el MmO N A i 3 XA UHT B G, [a] 4 il )
P HBIX P, s HE R, T ¢ €0 25 Joe B N DRI A o g i 25 T 2 T 2 S, S v O Bl XN 0 ARSI 252 58
JE DA P 3t 45 ¥ 0 25 ) A S
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E9 MR EHHERELPM, REMREEENS RS EEERR

Fig.9  Spatial diurnal spatial aggregation of PM, ; concentration and heat island intensity at monthly, seasonal, and annual scales in Zhengzhou

33 PM,iREMMBHNXREZMEZHH
331 HWMEZEMEEMESH W RV, PM, A UHI SHF5E XA B SR S A 2 4 55 I R % U1A o6
(Kazemi et al., 2025). FEEASRITT AN T PM, 3 5 A1 UHT S (152 ma PR 2%, BEBOXUE (X)) (F#K (X,) AHXF
MR (X,) NDVI(X,) R T YEFE LX) \GDP(X,) \— = P2 {E 5 b (X)) ™ P B Bl () =7 P i L
(X)AEH B AR, DL 2016—2022 44452 M R 38 A BB HEA 7 AH DG A% 317

P 2 6 Al XU Bk RIXHIREE NDVILL— 7% 5 A 0 5 He 5 PM, R FEHI7E 0.01 K- E & Ukl 5&,
WA AT YEAE 8 . GDP Al =72 5 Ho 5 PM, (MR BEAE 0.01 /K F B IEAISEIE 2, 3X 5 R 15 3 0 3 (0 M S 1k &%
SEAL . o Bk 5 PM, 1 A 56 R B K, 514-0.780, VR i NDVI, 35 #1]-0.434.NDVI 5 4 K M % L
A fi i, AHOC R BN -0.568 , 32 B R 1 7 55 BB A% A 00 0% A A 50 00, T 2 4 L 8 ) 55 s e L I
WSS AT AR SIS S5 BE AR AR AR AT G BORA SR fe i, AH G R B 0.605. 33X — 7 THI U FAAE 978 55
X PR AT A I R A D [ B 3 3% B R0 I 3 5 5007 5 N2 T 8l 6 WD AH G (Chhen et al., 2024) , RLIHG, K5
TP RAVR G DX = 2 H A D, ST S R e s i S, 73 W sk DX P 7 R IXC
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Fo6 AT PM,  REMERMRIEEHINEZHEXES

Table 6  Correlation analysis of factors affecting PM, ; concentration and diurnal surface temperature in Zhengzhou

X, X, X, X, X, X, X, X, X,
PM, -0.369" -0.780" -0.234" -0.434" 0.253" 0.188" -0.122™ -0.225™ 0.190"

EPNESHES -0.177" -0.084™ -0.200™ -0.568™ 0.406™ 0.144" -0.061" -0.403™ 0.332"

LUE RIS -0.006 -0.252" -0.536™ -0.551" 0.605™ 0.339" -0.512" -0.241" 0.426™

TE: 7 RIRTE0.05 KF B IFEANK, " FIORTE0.01 K B FEANL.

332 HMMEZRIRZIADH  HEEITBIM T PM, i BT UL 5200 PR 2 A0 LA R ) B 8 ks [R5
PEAT H AR 25 50 B (&1 10) . B TR 25 SR 3R B, 4% DX 35008 4o 0 PR AG 06, L v X P VA JE 190 A A8 ) e
548 1) 2 R K (0.564) , LU JE =7 7 HE (0.477) Fil— 77 (5 Lt (0.471) , R BH PM, ¥k B 2222 B R 5645 X35
FEMV S5 R LR RE R X R b 2 L B 1) A 8 0 B SR 1 2 NDVI(0.356) , R =R 7K (0.262) FTXLEE (0.255)
T Rl 78 s b, 6 3R 2 V1) AR R ) e R A R TR KT DR %00 (0.418) , ik — 77 5 12 (0.407) AL =77 11 1£.(0.383) , 1T
A B3 2500 A S ) 5 M WL 2 S B Ak, 1 R AR R F2 B pR AR TR 3R 25 T e R B 20y D) = 22
SN EES, ARKERERR A JE 68 1A XTI ES . PR, 763k 7 fl i b i 3 5 R K B SRR R 48
MR A Ry AR P A RN 45, SEBU T K SRR I 2 EZ P RITA L.

10 B PM, 3k B RS A F 00 B M 3 8 TR
Fig.10  Single factor detection results of factors influencing PM,  concentration and diurnal surface temperature in Zhengzhou
N HRGE PM, R HE 55 M SR EE 2 IR A2 [ 38, LU R L BE A D AR i o PML, R JEE (X, ) 1R
Do BRI AT S EARI (1) 0 25 2R DUSUR 708 5 A AR Ze v g o o 3, R AR A~ 1A
1] Y 5 HL 5 M 2T AR B 0 LD BEERIN 1 52w . o, (K S =07y U B2 AR P (0.543) % R 3%

E11 BHTERMREEXWEZEFZERUER

Fig.11  Results of factor interaction detection of diurnal surface temperature in Zhengzhou
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TR R B o B TTRBE ) R GAR B — = o LAY 52 AR (0.569 ) X6 132 i b 34 308 85 5% 1 ) e K . PM, 5 ¥k
o 1 i Tk JE 1 B DR B 143 0K 0.145 F10.193, 5 HAl I 138 B M Be ) i 35 1o . Horb PM, Sk
J 5 NDVI 122 AR T A K #0048 AR B 13K 0.498 5 PM,, 1€ JE -5 08¢ 18T S8 50110 52 TE A FH X 7% [ 3t
FEURE M 17034 0.528. BT UL, BF ST IX. PM, 5 1€ B A UHT [ B 23 28 A0 Rl S BR ML 2 52 22 R i [N R 25578 1)
PSS, P Z B M HL A OC 3R 2 4% . AE B0 3 T AR ), LAl 1] PM,, s 7R B X6 G2 i A I 25500 R AR 1] i
PR, a4t 6 2 2R e 25 B R g

4 118 (Discussion)

4.1 PM, REMMBYMHHNTRET RBEXME

LT BT 2016—2022 4F PM, s ¥ J3 A1 UHT F) S 0 A M |, %o A 25 1) B 28 A8 Ak R G IR RRE 047 22
B AT . 25 LRI KRN T PM, R BT RRAE R BN A B>k > B F>H F X 55K eI €5 (2020) 5845
Fe—F I AR PV, R BB i e 32 B R TR PR EE N R BE T SR U 5 | R SRR T FE 1 in X 2 14 45
2021) , 171 B 2= K Fe 00 FLAT B 78 25 B4 5, A5 R T PML AR TT0 I 5 W% B, DRt 5 355 PML Uk B e (% (55 4 B 45
2024 ). FF 5T HATRIAS I T PM, (45 7k B 3 AR T B R 3, 3 5 RIS Yo B i AT sl Rl ke, KN i L fk g s 25
PR T BBl 22 K Tl HEBOhR HESE 25 DA G | 28 R T5 YR A5 207G 200 (R 22848, 2024). 2016—2022 4F
FON T UHIL 2 5 2 5 A ZR AR 25 REAE , HL 3 2 009 o ik DX 32 24 vh e 3 Tl g ol X % A A A L, 3X 5
Wang %5 (2025) 78 M JR I HC 3k IX A 5T 45 S — 550 A1, 5 11 K UHTT 32 38 i 5 3R R bl 7 55 A H TG
G2 R FZ AR LU, 7RI UHIL B 22 B0 130 T b 325 (1 45 44) (Siddiqui et al., 2021) , fmyifit X 32270 A1 7E I
7 F o DX, AR 1 A5 () A3 AT 2 5 B kL PR ok, A kT A o R v N TR 4 A s AR DAL A
(Bahadori et al., 2025) , N Z& M UHIT B &

AN ] B[] JRBE 40 H T PML ¥ B I UHIL A T AR DG 43 B, 45 2R b 7 SO T PML Wk B FT UHITZE H
FRIZEAS 3o B3R R 63X 5 Jiang 25 (2023 ) Fil Zhang %5 (2023) 7E K =M RERIBF 9T — 20 AR R
EWERIEMKER, S Yuan % (2018) 3T 269 4~ H [ Hb 2 (158 — BI04 RSN T PM, 575 Y4 AT UHT
A TR, PO A PRAR IR A B R — S, BT P RERE 26 T AR N sh AR ik B 25 SRR IR IE , SO 2
IEAHIE I LU B, DCR R AR RUBEBIF 9 R 5 1) SR IR AN 8 45 3L, o AR [] B[] RUBE 37 LA AE . ZE X AN ]
Z5 PM, W6 B FUS 0 UHTL R4 7 23 (R AR SCME I st & B 38 7 46 23 (1 R L IR AR OG , B S T oG, Ay 2
TR K AR, 3% 5 Yang 25 (2021) % b 52 T PM, , #€ BE Fil UHTLAH 56 P20 7 B9 45 8 — 2. 1M Zheng 25
(2018) A b Ht i 422 PM, Wk B2 5 UHI Z 818 1EAH DG, FIFH Granger PR R4S 3025 0 B 22 W PML, s TR B 06 74 1]
UHITA 5 G 4 345 P . 3 1 W B AT 5 DX 8k — 350, i 9 7 v R TR, il e 2 R RIS 38 AR s 4k T
AN [T R ) RUBE ML, s ¥R J3E R UHIT (1425 [B] SCICARRAIE , 22 0 H A0 2 R 25 1) B 7 4 Jmy 225 () R P s ) SR AR 1
B RS A R T B Hoe Kt — 25 RiE
4.2 PM, iR BRI I3 %5 R B9 2 M AL

PM,, Vi FE 5 UHLE & 32 1) [ SR AR PR 2 ) 22 B2 0 . AR 90 485 SR e WA XU L /K AR X 12 B2 T ND VT
G HARER 5 PM, v B2 AT UHT &2 I 2 6OFH DG OC R I BT BT 50R1 GDP A a2 28 55 I 38 5 3 32 IE AR OGO
#,1X 5 Liu 55 (2023) 1 Nakyai 55 (2025 ) BB 58 25 5 — 2. {H Songsom 45 (2025) 75 2% [E] & 25 b IX 1) fifF 57 22 I
NDVI 5 9 35 22 505 35 0 AR 5, A 1) DX el ths 0 i 28 7 HH 56 . 3 3R I IX SR B 43 1E S [R) 1T i S 2 ND VT
PRI RN B 25 5 L0 A5 (2020) W 55 B, Pk 25 A X T PR L R, U LS PML R AN UHIL
BHOMEER, S LS E R IEHE R, SRR R —B AR — L 5] A—7= 5 A7,
R 15 L5 PM, e B IR UL ¥ 52 8 2 600 DG, I LA 0 14 25 [R) A A8 0, BT AR oA 32 A X 3
PRI 2056 gl B A 3R 1 AR T 5 o L A6 TS e i i AN AR B 0 1 vh o AR A

S PM, 5V JEE RIS 7 b 38 30 B 174 =8 3 R R [R) L2 S 0K AR I 5 45 R ¢ B A /K X P 5 ¥ B8 1 52 i
K, ND VI 1 K b 3R B 5% 1) S5 K, 1717 2 ) i 2 3 32 ) 32 22 32 1 [ AT D48 5, RO T sl i 52 i) . ol i 45
(2017) 5 T4 E R HT &3 K UHIL EZE32 A A FVEE RN NDVISZR , 52 M UHILI) 22232 26 B oK
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SRR I AT LA TA D ND VIR K S5 R 2R P 5 5 AR S MA R, 15y TR 9 JUBE | XS AIE K%
AR BRI AN, 4% DR AEAS [ I (8] BE A7 AR — 5 B 22 57 . ARIFSE B Uil IR 7SS B 4R, & IR K 5
=07 HE RS EAE O R MR B S 1 e R BRI AT DL HE RS — 7 o A S EL AR N 1A W M 2 i 2
B H B TTERAE ST , b T EAE L M X — AP U L RIS, PM, ¥ 2 M UHIT B SRR A ma BIL i) 2 2%
A It L EAT AN [] 2t 35 XA RS 25 RUBE TR PML 5 6 B2 R UHIL A4 DCIBEARRAE , 44k F AR RN O 55 22 i R 2R 9 52 1
B, DA 5 17 2 A7 S ST PR 5 i X o

5 #5i(Conclusions)

1) BN T PM, 5 H WEAE FH 2016 4F 1 597.2 pg-m™ T R 2 2022 41 262.3 pg-m”, PM, s J ¥ 2 “U” A AE
b, & i i, B AR, AR BB AR 5T W (0] 35 52 30 2 T Bt 3 5 ZR Rk 2R P, 5 1= (DX 43 A A6 4 M T AL
FZRFR , J2 PM, 15 % 1 B 50T B X 05 53 2 v B IXC 1) PSS 8 5 44 28 W B IX A R 7E AR, 74 g L IXC 4 28 4k T 1
fHIX.

2) AN T UHITIEAE H1 2016 4F 4.07 °C R [ 2 2022 4F 3.4 °C, A ¥ S8 “U” A8 Ak, UHI Z= 57284k 5
b e, KA I AR AR SR BERREL T I, UHLA T A5 . A B 5 BB 1 25 () A 22 S W Bk, 1R s iR X 43
A TE FE 30 X BRI e A R AR DX A0 A A DL S A AR b 5 AR e s L DX Hp a3 A IR IX, SN
T PG A b DRI ZR A3 A I X 40 A

3)FBHN T 2016—2022 4F (1) UHILIE Bl % PM, 5 15 JL A5 90 m MK, i3 i H O R Z= 8 (E 3528 A pH ¢
KZR TR R B 31 -0.456 ,-0.771 F1-0.898 , 2 B 215 M AR AU X} W 22 [0] & 2R (1) S i e ol B I T 5 4%
R0 H R ZERSCPE S s, A O R B R R T 0.154.0.169 F10.225. 4F R I, PM,, ¢ B Fl UHIL 78
0.05 /K[ 52 W 25 IEAHOCOC &R MG R ECH 0.857.

4)FRINTH PM, VR BE 5 UHILAE A R FE RS [RAH DGR 22 R, IR Z B IEM ORI GZ2 R 1M
KRR FE HEMKEBRII ORI TN AR, R TR AR R L 7% i) 25 1]
FHOCHE 25 F IR PM, ¥R 55 UHIL 9 %8 [ RSB DR & R AR N B, 200 A8 I XAy Horp & 2
P T RARE R , S350 e R AR 5 LUK, B A 7 % i b A2 B R S

5) G BFEZK FHXHREE NDVI— 7= 5 FUR1 7= 7 H 5 P, R B Y 2 A G IR AT J6HE 20 . GDP il ==
07 L5 PM, MR B B IE AR OGO R, 45 R 1 5 b 2 U B A DG PR 25 SR ARARL . K (ND VIR IS I 2l B 4y 1) 2
S PM, s W& B2 RIS 10 1 2 WL FE 1 DG SR B0 PR 3= . B3 /K 5 =0 o L A 5 B AR P GT 1 R e 3 iR 1) 7 2 oo ik
BB AT YEFEE S — 7™ 7 LU 1% 38 EAE FH G i b 3 308 8 5 1 ok
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