5537 % 55 1 H & W

2025 4 02 H

REMOTE SENSING FOR NATURAL RESOURCES

TooE Vol.37,No.1
Feb. 2025

doi; 10.6046/zrzyyg.2023203

SR, BB, Fhelg  4F. 2001—2020 4F 1T g 48 A8 17 Az A8 A5 it o) 25 AR fE KB R 3 A [ ] SR BE R IR
2025,37(1): 102-112.( Ao Y, Wang Y, Wang X F, et al.Spatiotemporal changes of ecological quality and their driving factors in
Zhengzhou City over the last 20 years[ J]. Remote Sensing for Natural Resources,2025,37(1): 102-112.)

2001—2020 4= [a] Jo] pg 45 A8 M 7 A= S A 55 o &
I} 23 A% Ak M 5K 3l [ 22 5 #r

o E R, ek, XFA, KRe!, F5E
(1. K2 AF LB ITHEF¥R L 710054; 2. e 4 L BB ELALHE L 710054;
3. BRKRBFEHMBAMRKAA L HBEEIBRAELLELE L 710054)

FEE ;R ASPREE o A 1 X SR /K T Y E 2 R 0, 2 WL S i AT e 2l 28 Wil 55 434, AT A T T 41
i AN IR B I B LRl 22K 3 . 32T Landsat 3BEGEAR , 18 13 35420 e b 22 1 JR A 2538 80 ( remote sens-
ing ecological index, RSEI) YENIEAN 845 , 12 Sen+Mann—Kendall #4347 #7 . Hurst $5 %, i FF 450 #3358 73 100 75 & B
JHTIT 2001—2020 4F A= AR5 bk g 28 8 (ARRAIE L B 25 B3l PRS2 R 2 . AP e . (D2001—2020 4[] 4 M i
R A B BURE AL T e AR KO AR SRR HE RO S N R BTN B B, 23 18] 3 A 3 B R AR P UG Y R L
HuFEBE R BR 2010 AF52 i TR M A A8 PR A58 0 4 0 Ak 10 R 3 n A1, DX 3 AR A 28 PR3 I i DA 8 R il 38
A, 220012020 AR R T A A5 PR5E BT i AR A A 3, B TR IR0 T 56.34% , T RS H DX T
42.26% . 454 Hurst S50, RIS IREE BT T B R 3 DA R AR A AFF L PERAIE A 32, VU R B A S PR o ik T
A XA AL USRS PR IE S F2 . B8RS 1 431 3 B, 2001—2020 45 1] - iy 1) FH S R 171 285 J38 2 3 Wi 408
T A AN IR B AR A R IR, R s B B s T AR IR 3R R R IR B K S5 AR PR 3R SR ) 3 T s
553, T S WS TT A /K S A ) AT S8 B R el 3 W g ik, AR5 T A RS M T A 25 SR B TP 5 PR 4P AR 4R AR 224K

.

KER . ABHEE R, BERABIEH; Sen+tMann—Kendall; Hurst #8458 ; MBI #F

FEGESZES. X 821; TP 79 XEAARE: A

i)

0 5

R AT (0 A AR AR 2 NS A A7 RN AT 4 82 R e (1)
filh, PR AN SR R i R R RS B G E M
YER ., B NS o)) 03 5 5 3 it Ak A g sl
JE R TS Y RBERAE R RO
GEIBEIEH 250N 0, XF N AAE S R R i)™
JEW . DRLE , B Bsf o b X AR S A T AR A A T
B2 W2 R AR RS BUR AR SCER T T e
R ORI B AT R LR R TR 5 AR A AR R A it )
ERMESE

H AT, 57 2 A0 A 25 PR 45 o o W AR - 1)
AW A, ER TSR LE S TR R E M AR
HECESABDIRBITEANT B BT ) (HI 192—2015)
A BRI HE %L (eco—environment index , EI) 11754

W BHA. 2023-07-11; f&iTHHEA: 2023-09-27

XEHS 2097-034X(2025)01-0102-11

DX daf A 25 R 45 o ), H i R AU K 2 g T 4
i, BT MEE K, 8 PR A 1 3 E MR, H
HOds T EGUL B, A5 3 1 25 5 — A~ BAR%L
{8, B8 TovE T, AN BEAT S80S e A S PR o i 1Y)
23 )43 A FASARRRAE 7 732 B AR S A S E
B RS W S, A X AR AR B VAN Y
BB A S SR 2 7z, A
PR AP 250 T XSl e 7 P AR AL R A
BRI IR (land surface temperature , LST) A3
AR SR FH K PR B B i 15 2 T A
IS SN (SE5H 7 SO P v T N TS b 1
TS 2 R GE i B T 255 18 b R AR 2 PRI i
Frasim EFIZE ST, Ak 2 A R Ik
TRE A 25 5 A 2 4R BOR PE A X EUE 25 35 5
Y R B R T A — b A Bk 48 2K ( normalized
difference vegetation index, NDVI) | 2 IiE A8 $u)2 J& 43

ESTE: Pryss s ol S TR E V540 iR SR A SR ITR” (45 2018-JC08) FiIE AR BTIERR IR Ak K R F
FH RS TR S SR TP T H ¢ R 5 e B U R (45 . SXDJ2019-8) FE[RI BB
E—1EF: W 511965~ ) 5, L, IR, TR S SIBIEO WAL, Email: aoyong@ chd.edu.cn,



5513 OB

2001—2020 4F [A] 7] pig 48 KR T A= A5 FR A 5T Ak o 23 722 1 S BIK Bl R 3R 43 #r - 103 -

15 (wetness, Wet ) | LST Fll 5 — {k & 5% Fl 41 + 35 %
(normalized difference building and soil index, NDB-
SI)4 A~ H= 2548 B 19 18 J8% A= 25 35 %X ( remote sensing
ecological index, RSEI) "' 5% 4 3 T8 WAL R | 454
ZAEER , ZWLE BRI R A B RES UL T L
At B e DX I 25 BRI o 5 () A8 4k, 7R A2 S BRI
WU 43 2 T AR AR S A Bl
RSET $5 455 BT ¥ 24 Hir 387 10 by A= 285 PR 55 1% 100
VAT, R H 2 1 5 N 2895 S F 40 7 ) N
N AT 5B Z B MR 'R, B R
SEHTU R RSEL ARAY | Xof i A0 4R 45 [X B A AE T
AR B HEAT 30T, 38 A S IR T RS
REKEAFER VIR AU SE™ JEF RSEL XK
JE it A A S BRI, 75 3 28 5% R 1Y ] i)
SV i A AS PR BRI BRLIR)

RIS T 27T B 45 A8 2%, 2 v Dl i R ) A%
TS AT TN E P R {1 RTINS A S e B i 2| R
AR N T A S R BE (A 5 S AR rp T A Y e
25 XS A S IR B R T O (L A 3 i
PEFERR AR, AR S PRI e AN A A AR A AT
TR AR AR S RS AR O A R s D 5 20 A AT
TR, P ASCR WU 53 5 A 4 RSEL
A XM TIT 2001—2020 45 (194 S IR BEAR DL HEA T
I, 23 B FLE 2 A% R 5 T B B RS A AR 2
PRI i AR AR Y SC BE DR 3R, S M T A 2 B A AR A
SRR MR A%

1 B % KB 5 R AE R

1.1 HRXHR

FISIH T3 1l A 0T B A8 bR (340167 ~ 34°58 N,
112°42' ~114°14'E 8 1) , [ p R e o0 FAd, 42
MEEL 7 567 km®, FHE 1 NE 5 AEZT .6
A X H A K X BT IX A X AR R k(]
i DX SRy 5608 M T T2 3 DX KM T LT 7 R

=2 /m
TR misi
EHE TR W,

E1 #RREHERER
Fig.1 Location of the study area

ARACA, B 125 v [ 28 — RS =i & B, PE R 2
L FrBsg , AR P A4 AT 204K 24 108 m,
KIS T 1 Ak Iz a7 2203 WY Ja a2 XU
o K E e R 5 6—8 H iy, 4 F B K 2
600 ~700 mm , 358 A I 5 1T AR ALK (=100 km? ) 9]
T 29 %, M BT HETR] 2 SOy, H BT R
N T 558 PN S B T T K T A T ) 7R 4
TS N S A RO | DTS s AR 4
1.2 BiERERETmALIE

AAIEFE I IS IX < k101 SR R U5 T v )
B2 B b BRA 24 5 PEURA 5% BT (https : //www. resdc.
en/) . BIBGE G EYE N Landsat R4, KT
SEE b T R (hitp . // glovis. usgs.gov/) , 1 T3
OMEGRAAG U A, PRI 2001 452006 4F |
2010 4£f# Landsat5 TM F1 2015 4F 2020 4F (% Land-
sat8 OLI 3t 5 W IE G AR, 25 M1 23 HEA Tl 30 m,
SRR E R (Y W] SR BT i B R 1 = wE
KT 2% , A3 HE 5—10 A | iz A WA gt A4k Kok
LR AR SRR AL, E ENVI O 2R 47 4 S
FEAR KA JUATAIE DFEEFET KRS
AL PR T AR, HABEIE R IR 30y AP 1<
R ARSI A IR T [ S b sk 2R G B2 # 8l Hh 0 (hp
//www.geodata.cn/) , %5 [A] 43 #E% K 1 000 m; DEM
BRI T b B2 B E0 8 = (hitps: //www. gscloud.
en/) A5 A0 BER S 90 m, i@ 3L ArcGIS M AR B
SRR 5 -3 A 2 B R U T v LR B
PRRL S 5 R 5T BT (https: //www.resdc.en/) | 55
153354 1000 m; A F# LK GDP £k 5
THRBIM T GETHAESE s BRI ECHE ke I3 T I 5 7 it
i JE R 22 B4 o0 (https: //data. tpde.ac.en/) | %5
] 53 HE%4 1 000 m,,

2 Rk

2.1 RSEI
RSEL 385 3 o0 0 A 5 1 H il B2 (1 NDVI
Fon) R (H Wet 7n) (FAE (] LST %) 1
T-EE (JH NDBSI 3878 ) 4 >R AEAE S5 1 48 i
) BT EARILE 1, AR T A5
P FEAR P AR A (R A PR 5 4 6 T 8 SRR B
IR i A= VNS I R VISP 3 ) | SV IRE S
T hn i i Z R AA e N 22 5, Mkt e X iR
S5 R 3 WU TEHEAT TR BT, T R AR AR
Sy AT IH— AL B R 0,1 ] XY,
AR,
NI = (1 = 1,07/ = 1) (1)

ma:



- 104 - H % %

2025 4

by NI AR B S T8 AR E 5 1, W80T i &b
O PIAIUE =R TN (N0 AP 3 71 by DO E L AN R G 2 N [
KA, XHE—A0JE I 4 bRt il AT 5 sy
AR TS 55— F U4 PCL AT IE 2 B 15
PR ES TR B (RSEL,) |, Wi J5 X RSEL #1714 —1k
A PR AT B 18 SR A AR B (RSEL) , HEAE T [ 0,
1] JE] A BB T 1, 3 W A0 25 PR 05 I BT
HREARX .

RSEI, =1 - | PC1[f(NDVI,WET ,NDBSI,LST) | ,

(2)
- RSEI,.) ,

(3)
U : RSEL, i RSEIWIAGAE ; PC1 2K 4 DGR
2 E WSS BN S — 5 s RSET 3%
JERLEZSHERL, RSEL,,, I RSEL,, 5351 RSEL (1)
oo/ IME AR KA,

RSEI = (RSEI, - RSEI

Omin

)/(RSEI,

max

&1 #EHRHEAR
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Tab.2 Types of factors interaction

q [HYEH 2 H AR
¢(X; NX,) <min[q(X,),q(X,)] LM 55
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Hi e (B o 85.13% (2010 4F) , I AR AE K 76.18%
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Tab.3 Load and contribution rate of the

PC1 in different years
S— s PC1

ARGy £33 AL P T B TR/ %
NDVI WET LST NDBSI
2001 4= 0.716 0.277  -0.304  -0.608 76.18
2006 4 0.648 0.292  -0.341  -0.646 78.03
2010 4 0.668 0319  -0.362 -0.674 85.13
2015 4F  0.730 0.285  -0.324  -0.617 81.39
2020 4 0.667 0317  -0.310 -0.624 79.46
TFHE 0.686 0.298  -0.328 -0.634 80.04
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Fig.2 Distribution of RSEI in Zhengzhou City from 2001 to 2020
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LAY 22.96% ,2001—2020 4E[A) RAR S T REGEH

LIS T | T BLZ RS 33.64% FIEE] 21.05%
RANEAE SR DX BRI AR L 5 B S A A B
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Tab.4 Areas and proportions of ecological environment quality levels in Zhengzhou City from 2001 to 2020

sy 2001 4 2006 4 2010 4 2015 4 2020 4
W /km?  HH/%  mA/km? /% VK /% mRV/km? SH/% 0 @EVKkm? AiH/%
# 469.67 6.33 130.67 1.76 797.53 10.76 395.93 5.34 416.12 5.61
B 1 495.85 20.17 1269.94 17.13 1702.43 22.96 1114.97 15.04 1129.83 15.24
AR 2494.00 33.64 2328.42 31.40 1 951.10 26.31 1 624.60 21.91 1 560.85 21.05
R 2217.18 29.90 2 581.36 34.82 1912.03 25.79 2 369.05 31.95 2 836.95 38.26
it 737.75 9.95 1 104.06 14.89 1 051.36 14.18 1 909.90 25.76 1 470.70 19.84

33 AESHEREETHF

5 FAMN T A S BT MR, H
5 051, 2001—2006 4F, AN AR 1 3 A R A
TR 77.61% i s (90228 1) ARG LT

4 33.10%, A4 A& A5 i i 2 BURR h ) 4F E H
2006—2010 4, A= A P45 o et W Ak T AR o T AR A
41.99% , B35 AR & L 15.51% , %8 2001—2006 4F43
BN T 19.6% FIEAR T 29.92% , B A/l A5 PR 1L
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AT, 2010—2015 4F M T A S AL Tk 30.25% M1 24.24% , =60 6.01% , 4 R85 B A7)

FEREF TR PBCE ALY 52.92% 3 DR BE BGE R
i 2015—2020 4F, AP T A= BI85 i 1w SF AN AR
T L 45.519% , ot i 23 A A 1 AR5 90 5 L

AT s R B O R B R 55 ., B AR 1L, 2001—
2020 43T 20 a [AERIH T A SR B B ek s e, i
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RS 2001—2020 FRMNTESREREERTNHER
Tab.5 Changes of ecological environment quality levels in Zhengzhou City from 2001 to 2020

5 K Y 2001—2006 4F 2006—2010 4F 2010—2015 4F 2015—2020 4
TR/ km? /% T AL/ km? /% T/ km? i /% T A/ km? it/ %
-4 13.46 0.18 27.97 0.38 28.86 0.39 27.93 0.38
ik -3 112.02 1.51 122.13 1.65 133.68 1.80 123.85 1.67
-2 447.65 6.04 470.84 6.35 320.10 4.32 386.55 5.21
-1 1 086.67 14.66 2492.23 33.61 763.36 10.30 1259.32 16.98
A 0 2 385.91 32.18 3 150.79 42.50 2 244.54 30.27 3373.99 45.51
1 2 454.52 33.10 962.53 12.98 2671.43 36.03 1711.14 23.08
_— 2 829.84 11.19 157.67 2.13 989.91 13.35 381.61 5.15
3 79.16 1.07 27.74 0.37 216.73 2.92 121.01 1.63
4 5.22 0.07 2.55 0.03 45.84 0.62 29.05 0.39
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A FRAORAE A 3, A B A X ) 2 F
3 DX RTPY R i b DX 253 [B) A AR 3k 431, e B i
B X, 2010—2015 4, KRN 17 A AR A EE B it
FHRTEI LU E R W G X A T

" Bﬁﬁfﬁ,j ;
A, T
’ mxz%é %FN mg?ﬁg‘g%

h QM

) 2 20km

e 9
7 :V‘

(a) 2001—2006 4

TN %;; ‘/’_‘(
&%%BE‘@‘ ﬁﬁ( EfF—%J

mxm 2 %@
5] ;\%w%
x4

-

T

(d) 2015—2020 4E

3.4 AETHERELZRER

Sen ## LB 5 Mann—Kendall ‘i 2 VERG I AH LS
BAFENESIM T RSET 22 AL RS AR AL 21, K] 4
AT, 2001—2020 4F5T 20 a [6] AR JH T RSEI ZE 4k LA
BTSN T, LIS X R Y ik ] 4
TETE Y 56.34% , F 240 A A PL T 8 v A
BT T A P R I AR A R M X T X e A A IR B SR

BT | 22 B RS T AR A RO TR X, 2015—
2020 4F KRN T AR AR PR T B AN S O 3 B2 0%
A DX 358, 32 B 43 A A o BH T 85 3t i R 40 ol 4% s
H DX, AR PE R X IR DU ke o 32, BROR

2001—2020 4FEAP M T A AR R T i A AL i =5
6] 43 A5 F5 4E 5 2001—2006 4E F1 2010—2015 4F 4
o1, 3R X 5 7 g L b g X A5 o DA MG R
AR VHHRV S X A I LAAE R 3, FLUEAR X S5k
IYATRER AT, A I,

(c) 2010—2015 4

TEILF
EHTERESR T
B 9 S
[t evea
i
L=
B ¢

IEM%N#

B0
THETRE

2
2

(e) 2001—2020 4%
B3 2001—2020 EMMTESHEREERTUZTES
Fig.3 Spatial distribution of change in ecological quality grade of Zhengzhou City from 2001 to 2020
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Spatiotemporal changes of ecological quality and their driving
factors in Zhengzhou City over the last 20 years

AO Yong'*?, WANG Ya', WANG Xiaofeng'>*, WU Jingsheng', ZHANG Yiheng', LI Xuejiao'
(1.School of Land Engineering ,Chang’ an University, Xi’ an 710054, China; 2.Shaanxi Key Laboratory of Land Consolidation ,
Xi’ an 710054, China; 3.Key Laboratory of Degraded and Unused Land Consolidation Engineering,

Ministry of Natural Resource ,Xi’ an 710054, China)

Abstract: Ecological quality is an important indicator of a regional development level. Objective, quantitative
dynamic monitoring and analysis of long—term ecological quality can provide a scientific basis for urban sustainable
development and ecological construction. Based on Landsat remote sensing images, this study constructed the
remote sensing ecological index (RSEI) as an evaluation index using principal component analysis. Accordingly,
this study explored the spatiotemporal change characteristics of ecological quality in Zhengzhou from 2001 to 2020,
as well as the extent of influence of various driving factors, using the Sen+Mann—Kendall trend analysis, the Hurst
index, and geographical detectors. The results indicate that from 2001 to 2020, Zhengzhou maintained moderate
ecological quality overall. The RSEI showed downward, upward, and then downward trends sequentially. Spatially,
the eastern plains showed lower ecological quality, whereas the southwestern mountainous and hilly areas exhibited
higher ecological quality. The regional ecological quality remained unchanged predominantly or saw slight
improvements over these years except for 2010, when the area of zones with ecological quality deteriorating
significantly increased due to high temperature. From 2001 to 2020, the ecological quality in Zhengzhou exhibited
significant trends, with 56.34% of areas showing an upward trend and 42.26% exhibiting a downward trend. These
results, along with the Hurst index, reveal that the downward trend in ecological quality in the eastern part is
primarily characterized by sustainable changes in the future, while the upward trend in ecological quality in the
southwestern partition is primarily characterized by anti—sustainable changes in the future. Driving force analysis
indicates that over the 20 years, primary factors influencing changes in ecological quality in Zhengzhou included
land use type and population density, whose explanatory power is significantly stronger than other factors. The
impact of natural factors, such as elevation and average annual precipitation, has gradually diminished, while the
influence of the night light index, which reflects the urbanization level, has progressively increased. The results of
this study will provide a scientific basis for the evaluation and preservation of ecosystems in Zhengzhou.
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