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Abstract

Since the beginning of the 21st century, with the accelerated pace of urbanization in China, the ini-
tial neglect of ecological environment protection in the process of urban development has led to
some negative effects. However, in recent years, the level of attention paid by the country to ecolog-
ical civilization construction has significantly increased, which has a positive impact on improving
the quality of urban ecological environment. It is particularly important to scientifically evaluate
the effectiveness of China’s urban ecological civilization construction by assessing the quality of ur-
ban ecological environment. In this study, based on Landsat series remote sensing images from
1987,2004, and 2022, we extracted four indicators reflecting the quality of ecological environment:
Normalized Vegetation Difference Index (NVDI), Wetness (WET), Land Surface Temperature (LST),
and Normalized Difference Built-up Index (NDBSI). By calculating the Remote Sensing Ecological
Index (RSEI), we evaluated the quality of urban ecological environment in Yuhang District of Hang-
zhou City over the past 35 years. The results showed that the ecological environment quality in
Yuhang District underwent a process of gradual deterioration followed by gradual improvement
from 1987 to 2022. The average values of RSEI in 1987, 2004, and 2022 were 0.802, 0.765, and 0.735
respectively. From 1987 to 2022, the area of deterioration in the study area was 295.2 kmz, account-
ing for 31.78% of the total area; the unchanged area was 447.65 km?, accounting for 47.28% of the
total area; and the improved area was 203.92 km?, accounting for 21.53% of the total area. The de-
teriorated areas in the study area were mainly Renhe, Liangzhu, Gouzhuang, and Future Science and
Technology City, while the improved areas were Jingshan, Yuhang, Zhongtai, and Xianlin. Overall,
the quality of urban ecological environment in Yuhang District first deteriorated and has gradually
improved in recent years.
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1. 51§

R, AE BN —AN X, DL R L P R IA T 4 . H SCETF R, %X
Wiz B et h A 7 R B RAR, TAVIZHT O E TR . B 1990 SFAGE, RPUX EAE LR K Tlkse /),
fEAARLGELABREG . K)PHIAEE 20 6, I HAOAENHTLE NIIAZTHRX 2 —. 2T 2012 4,
RBUX ATF R LRI T A 9 X (B IO, R 7 3t S8 /0 K8 2 52 T M X524 77 14
W5 BEE TR, ARSI E IR 5 0, HIT A A P R AR I R il i A A g
A P R AW T 3 2 H (. ASCRI AR REE, S FRB A S8R, @M RE, 5
JRAZ X A AP R S T S B I s AR A R A A, BRI X A A P o B A A ) 5
HE, Rz XA S SR 5 AR B TIRRG 2%,
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H 2013 4Rk HE tH RSEL 7325, [ N 5238 9y 4y 2 1% 0716500 8 P9 8N 7 AR 28 il gk AT 137
M1 20 2 80 FARE KK 1K JE IR Bt ¥, T 70 H 5 TR RS ) K TR @ 0000 H A A4
SV o a0 25 NI Landsat 38 BEEAAZ A 0T WT L8 WO T 3R T A2 S A58 R = AR G SR I IIE 72, WAL
T, WU THERAAE ST T RAE 1989 4E 4 2010 fEIAIFREE R . MR RN, ZIX A4 A 5
BRI, X A SIS R B AR S RO R . 1 TN T A A IR B AN T T R
JRRE T @A M KRB 5K (2], RIE S NIRRT, ARG R M T AESHE R RE T
B o AR AN IAEEAS 3 50 1R DX 35 3 B 0 A 7E DA I B A 25 S 8 3 DRI &) 3, i AR S PR BT 1) DX s ) =
BPAAERIE W) “— =X [3]. = LHHEIBAFI A Landsat8 TEHHE, MIE 7 BT, 8
JE  SRERNELELE N DA SR AR RS FR bR o I B R AT EOR, AT T — AN IR BAE S LA TR AL
ZAREH T 2RIVl S X AR SR B (4]0 19 AR AR RUZE N 3 20 308 J A 25 i vt A i IX A A=
BEVFN[S]. TKZH B T BN TR N R T A e R 0 AR S IR s, g b AT i 7 —
SO L S AR S FR B (IRSEL o FFI8 3 32 70 23 M RAH D 23 A 7772555 IRSEL JEAT TR AW FL . A AT 61
BT AT IRSEL PSP, L TH T Vb B =T =ITIE A XM 2013 422 2020 F 1) E R
ZAk[6].

AR E, BT R A SIS R R R AR 7 — it E, (B FdE— PR
FeIR) R, PR A RPN T AN B SR , T nT R R R AR R KR 7]

2. MREXBR

BUNT R AL AU AT PEALES, B —NEHWEEX . REBS5ESEMLS, il EIE, A
JEEB S 7 WL XAE, &RE 120°51'15"~120°55'16", b4 30°37'10"~30°52/06" . Axhi LA F A F B DL
BN T, X 56.7%, UM, KIATEH, XA EE 1R,

HZ, XAFEME BT E R, EHEARSRIMEIGS), BFEEKES, NRBHLEE, K
SN K. BRETMERERENDHE S, 6 AR 8. 9 H, BF/KImEKR, XWADAENHHEKE S
EER 23 MLE. RGN, B ER R AT, AT
3. ERSEHE
3.1. BiEEe

Landsat T2 KA KRBT 197247 A 23 H, AN E B LEMWETh &S, BjE A 73407 BT
B, KR4 N Landsat] % Landsat8. Landsat R4BEHG EE SR, PR HEEE L. £
P BRI p o A% FH SRR T 58 1 [ S M 3R BhA = B 9 ) 38 B SAG PRk, St X il AR S R T e T
APUIX 1987 4 6 H 17 H. 2004 47 A 26 H. 2022 4£ 7 A 28 H=ENMEMREREEAS, ZXEILE 18
A7 55, 45 Landsat TM. Landsat OLI TIRS. VEREII#E 1 AR,

Table 1. Acquisition time and parameters of remote sensing images in the study area

1. AREERPGREEERSH

B AR AR U ] PEAK IR AR £
198746 4 17 H Landsat-5 ™ 30m L1
2004 47 A 26 H Landsat-5 ™ 30 m L1
202247 A 28 A Landsat-8 OLI_TIRS 30 m L1
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3.2. ARFG*E

3.2.1. ESIMEERGE
BERBORRENSPRIE . =R AR KD O P 2 () e o I A PR H(RSED B T 38 [ B ARSR U £ 1
TESE B TR PSSR, XA R R R e R IA AL SR TR . RSEL#5E X
NEFER— AR R R AR . ST AR R, MR IR EEAE A 2 ANMERRR, BT IR
RGP WREE. TEEMABEEDAT T, e HeRE 5 08:
RSEI = f(NDVI,WET,NDSI,LST) )

A, NDVIARER A —EB T, WET R B E 2835 TS VR B i 2, NDST AR 2 B
RAEFEE, LST REERR R H R IR FE[8].

3.2.2. EHEIFE—K
(R e FH B DUAN AR S A 4R AR A S A AH [F SRR, 30K B X RSEL ST A b AL 5
Wi, DR A 2500 IX Se b b AT 0 — AL ], (G —FE[0, 11VEFEIA, DAV BRTFE A AR BERE I . H AT %L
PH— B T772A Min-Max H—4b. IERVIRET—10 557775 T Min-Max V3 — 46 B A0 JFEE0R b
P2 JG FEA R HAE AT AR s, DRI i iR B dE A — fe b B, AT
Nti = (1, = I )/ (Zoae = Toun ) (2)
NiRRFG I, [ REXIBVRESTT 1, WE, 1, REIXIBARE A 5K [9].

3.23. ERPTHE

F I S HT(PCA)E —FI G730 BT 7592, e 3@ i AT TEAZ 4 fofs — AN 0] BEAZAE LT AH DG HE I B AL AR
R R — 2R B BT R R, XU R BRI . PCA AR RN TR s a0 1
J7 EFEREEEAF RN AR, TE LA DR SR G AR R e o — N AT IR IE A A BR R [10]0 8 AR bRl (R 32
B )5 SR A R AR R KB ISR 1] R Wik I 0 SRRIAR, B e B — AN s
X, ZEFEPCTA n B p NMEE, WA n x p AR RE12]:

X X X1p
x x e x
21 X» 2p
X = (3)
xnl an xnp

e, BHARAEX IS i APV RAEA x, T2, = (0 Xy o X,) 5 1 = (L2 L p) s EEAAHTR
RRRURE X BN p MR x, x,. o, x, ZATERPEALAT13], TURETI p B, B
F =a,x +a,x, +ota,x,

F, =a,x, +ayx, +--+ a,,x,

Q)
F,=a,x+a,x,++a,x,
] EAfE A
Fo=a;x +a,x, +---+a,x, 5)

Ak Fi, M FH 0 80, 0 =(a, ay, -, @), i=1,2,,p o HRHEEIICARGE], B R 2
LA R = A R
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FA F Z A A BT, B Cov(F,.,Fj)zo(i;tj,i,j=1,2,...,p) [14];
4, 2+a,2++a, 2 =1i=(12,p);

F W ERT F, T EIFDERIER 7 [15].

W 3 B T R JEREAR T AR EA DR 2, I BAE SRS R, F R I TTRREE ] LA
PE I 32 ooy LU E AR dE . BEAE 77 ZZ 000800y, £ RO BT AR B R 4615 B ik . Rk, &
PEOR B 1) 32 o B0 5 AR S B v R RS 5 B R, — ROk, R STk L R e, )
TREE R G EHR S St 16]. HitE AW F:

k= Zﬂ;l 7 Q)
vk
) = %,,—ﬁ O]

n(n < p) REINERT, pPREERD BN, 3 AR ORFALE, i=12,-,p

3.24. EERESER
SPAFEREE . MBS T AR A SIS R An s J5, AT Bh ENVI 5.6 JEEGEAALE A1

Layer T BB A S —IREIG, R518HT6 TR 35 4T THHAT ER 4T PCA 1

GRS EATERG, HA S — RN (PC B MRS T 508 7 Z 1B oy, AT T S 6 i i AE

BB —ANGERIE R, AT B EAE ST EEA R (A a2z ) % E AT oM, 75 2 Hgk

ATIE— b

RSEI, — RSEI

min ( 8)
RSEI_ —RSEI_.

A, RSEIXF RSEI & 4558, BUEXAIZ[0, 1], RSEI KN SR B, 2B %,
4. BRE D
4.1. ¥R 4T

RSEI =

Table 2. Results of principal component analysis for various indicators in the study area

2. MARXEIBITERD DIER

Fhr EN7ix NDVI WET NDSI LST FHIEE TR (%)
PC1 0.080 0.882 -0.012 —0.462 0.015 77.33
PC2 0.222 0.417 -0.429 -0.769 0.005 11.13
1987 4E
PC3 0.281 -0.198 0.887 -0.305 0.005 9.66
PC4 0.929 0.083 -0.167 0.316 0.001 1.88
PCl1 0.030 0.787 -0.490 -0.372 0.025 78.07
PC2 —0.043 0.507 0.858 -0.061 0.008 12.47
2004 4
PC3 0.310 -0.333 0.149 -0.877 0.003 9.00
PC4 —0.949 -0.106 -0.006 -0.296 0.001 0.09
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PC1 0.057 0.899 —-0.281 —-0.327 0.025 82.92
2002 4 PC2 0.206 0.398 —0.822 —-0.349 0.003 10.30
PC3 —-0.416 0.145 —0.493 0.749 0.002 6.51
PC4 0.883 0.103 —-0.021 0.456 0.001 0.27

A SR 55 DU 5 rp A 48 1 3 B A A R B AL SR M BN T AR X AR S IR R =AY .y SR
ENVIS.6 38 EEHE LI G IO T RIUX SR 18I, T, METRE, AR T IH— 1At
B, G —=MNEFH Layer TEBMARN—RER, REIESNEZEHAT ER L, FEE
BT s R, ARG 2 (B, FRATRE A AL = AN R AR 28 — e (PC ) RHIEE STk i . 78
1987 4F, 55— F R EE ST A 77.33%, 2004 4EIRA L TF, 53T 78.07%, 1T 2022 4F, iX
— L BIE— RN, AR T 82.92%. XRITEX =AMFEMH, B— TR 7O YA A AR
PRRIEAE R, HOTRRFR I T 75%. FrbAalid@id 5 — i g5 Rt FE BAE S e . fEo i s m)
Befili b, AR AW EE RSEL e £ Ry, BRI RSET i G RAE A (2 1) 1H 5t 5% RSEL

4.2. BRASHEBITESR

ARSI IX = R EAR, K5 ENVIS.6 &2 NDVI. WET. NDSI. LST JU/M4 &4
bR, FHESIA—1b. ARdERR. PCA 53R H = WIHF 7 X ) RSELE, [HIHE RSEI BUE X 8] 42 H 20,
1]o RSEI A b & — T ] LASR B X 35 ) AR S A B R 255 PR 40, 7EAHDCHIF R8s fg 212 M H . Rets
S LR L AR 22 3 FOBEE AN AE R I, 1987 4E.2004 4 2022 SEHF 7T [X RSEI “FHAE K K A& 0.802.
0.737. 0.765, HIAR &S, J5 IR RET .

Table 3. RESI statistics for the study area
# 3. MIR[X RESI Giitak

Fh kUMA TONI R ME pRifE 2

1987 0 1 0.802 0.116

2004 0 1 0.737 0.145

2022 0 1 0.765 0.134
N

1987

Figure 1. Spatial distribution of RSEI classes by year
1. FE4% RSEI FRZ=E 2 E

ME T CRIE: EZ MR B AR F 6 KA https:/www.tianditu.gov.cn/)F o] LAE H, 7E 2004
B, ORI I X AR AR RS PR B T 22 (W XA AR T AR R )2, R 7 AR AN 8, 2 03 A AR AT
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FX ARG R BN 2022 SR 50 X A AR A PREE T & 22 X000 A AR B R4 /), R B AR JiE .
WS NGB B ML X 23 A s 2022 SRR FLIX PN AR A PRI 0 2t 22 11 X Sal D B Sy e, i EL 20 A7 T A B
/T 2004 4. 2004 F 2022 FAEASPRE E 2E X R BAR TR T IR IX, A X 4 R AR T NSRS
SN REAE RAF X3, A — T TR, 2004 SEWFFLIX P9 S BAE SR HUT KT 1987 4Fi 1, 2H
NN T POE R AV, INPIREEERE, KU T RS TR, Wi EEEm AR ES RS, e
KL R RS BRI G RN OARZ, £ HEERELFEEM T, &% RSEHEM/DN. EE
R B2, ] 7 2022 4, WX AN REBAESTEHIEH 0.737 FHE 2 765, LB T 0.028, ZHT
EF I EMASHIERE, HEHAKESE, B,

4.3. BRESERSREW

T #2280 B DA A PE 2y B vl RSEL 2009 5 N2k, A2 A Se it 73 0] A4S 1987
L2004 L 2022 FEHUN T ARATX AN FI SR A SR & W A A AR & b B 4 RN 2wl
1987 3 2022 FEHM T RBIX 3 ANEF AR RSEL 2 At AT AR &5 LI AAAE 25 57, RonTEE 2% 35 4E[H]
B T RBT X A ST E R 2RO A T 481 .

Table 4. Area and proportion of different RESI classes in the study area
4. FARX RESI AEFHREARK SLE

R 211 Va Slen TR (km?) TR 5 LG (%)
% 0~0.2 0.40 0.04
BE 0.2~0.4 4.46 0.04
1987 H 0.4~0.6 81.93 8.65
R 0.6~0.8 656.91 69.38
e 0.8~1 203.07 21.44
%= 0~0.2 3.41 0.36
L3 0.2~0.4 41.62 439
2004 H 0.4~0.6 140.03 14.79
=3 0.6~0.8 452.81 47.82
o 0.8~1 308.91 32.62
%= 0~0.2 1.76 0.18
BE 0.2~0.4 72.81 7.69
2022 o 0.4~0.6 208.05 21.97
R 0.6~0.8 444.60 46.95
o 0.8~1 219.54 23.18

MY SEEMTHL T AR TR TR ALIX 1987 4R F] 2022 FEA AR LA S AR EE, AL
H ArcGIS10.6 3, RIS (04 TR E 2K D0RE, 18IS 30770 1 22 (B 18 BRI SCS 2 1 = A
I8 A IR EOH H A R PTAH, 15 2B TTARBTIX 1987~2004 4. 2004~2022 4, 1987~2022 A4
DG EAA I, A2 B TR A E R IIRe, 2 E LS R N2 L ARG = AN,
Hop AR Z RV S o NP AN, AR A W AR 7 KOS R 7, AR A B R AR R WSROk
D)7 £ e B
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Figure 2. Bar chart of proportions of different ecological grades for each year

2. EFMRAEESFRSELFIRE

Table 5. Changes in ecological classifications across years

® 5. BEMREESFRENE

i B e L T AR (km?) EE 451 (%) K (km?) LE 481 (%)

W A = 3.47 0.36

AR 72 310.93 32.83
B A A 2 307.46 32.47

1987~2004 AR ToH B AR 450.58 47.59 450.58 47.59
S A U 139.39 14.72

ARG 185.26 19.56
B ARG 45.87 4.84
W A 2 1.73 0.18

A7 ] 227.72 23.25
W& AR 22 211.47 22.33

2004~2022 AN JoH B4 442.60 46.74 442.60 46.74
W A A 218.51 23.07

ARG 276.45 29.99
HH AR i 72.46 7.66
WY AR 2= 46.7 5.10

B ) 252.20 31.17
W AR AR 72 218.50 23.07

1987~2022 A IC B AL 447.65 4728 447.65 47.28
W& AR T 202.08 21.34

AU 236.92 21.53
HH AR 31.84 3.19

FHZC 5 T4, M 1987 HEF 2022 4FiX 35 EMIEHE KRG, AR ENAT R KM RE, A3
T 447.65km?, HHELFI 47.28%. (EAESIAET R EAR ZE RIS R, B 5 AR 2 R AR AR 2 A THI AR 43 3
N 46.7 km? A1 218.50 km?, AR 55N 5.10%F0 23.07%, AR ZE RIS N 252.20 km?, (53
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T AT 31.17%. (EX ARSI R &R M, BATNEER], EASHERE NERX
W, R X SR R ORI S, T R A RIS o X 2 T B R AIR A . SRR, EARES
PREE PRI DX L, 363 A 1 X R TETAR R 202.08 km?, 7 SVTEIRR ) 21.34%, 10 A A e 3 1 IX 4 T
RN, A 31.84 km?, &S HIAR 3.19%. BUF R BTG THR 236.92 km?, 5 FrA 250 E TR
(19 21.53%. L6 KE, 35 AR TE X AR A A5 70 22 1Al 3 W S I AR S IR R P R 5, ARSI SR T &2
Sk RIS X @A FESREM, I HFHERICE RUCHE IR 0% F R A SR

5. G 5itie

AT Landsat 3B EELAZ IR T RBUX IS B TEERMABERE, R ERS ik d
PEBESIREL BN TTRPUXAE 1987 45, 2004 A 2022 FPERTEREHAT 7P @l
RSEI {27484k, o] DLB RN 7 A BT X AE L 265 35 45 B Ak J it A vh AR S A8 R B AR AL 1S o

(1) BT . T, ARSI, WA TN T RPUX 1987~2022 fE5200 4L
BB RIS TaP I FROEAT a3, GEE . BT TR ISR EL iR 2 23R 85 5 J i 25 e St
oy, AT RCRFE A X g A K LS RIS KE . B, LST 25{E 5. 1987 £4£. 2004 4E. 2022
LR TRAR AR 0.65+ 0.63. 0.61, ZIAWI NEEH, BEERHMEZS 0.67. 0.72. 0.79, ZIAMW
TR, FERARIER 0.57. 052, 0.59, RIUL TR L&Y, AEEAREE 046+ 0.39.
0.49, BISE N ETIES.

(2) TEXHHTNTHRAUX A 1987 FEZ 2022 I ARSI ST K B0 5, 1884 2545 £ (RSED)
BB AR IR A 0.802.0.737.0.765, IS T F#fG B H . 1987 £ 2022 4, T [ 1R KL8 4.613%.
JOE AR N FRIRFEA K, (RAESE L /i X E ST B R B R R 1Ak, kTt P e 5
BT A RN, XX ARSI TR A, M 6 R IR FUANZ K R TH 3G I A
AR R RN FERR. XA RER R Tk, LR AR AR TS
JRPRIE ). N T RO IR EEBRAR, T AR R BRI — R VIS, AR IR T3 AT AR ARl RS ORY
DX IR RIE 2 0 Al A it P 22 15 DA B P Rp 48 AP B S BRI AT I X e85 g, AT DU R AR I T
AT AEASIR R ism, RE AE AR S A AT RS

(3) FETRBIRASIRE, A THM T RPUX 1987~2022 S R BN AL 27 . 4S8 FE 3
FAFESTHT AT, 1987~2004 ARSI & 2 AL LUK, 2004~2022 S 721X Az 45 PR 58 07 0 Al i
o BACKE, MIAXAZNXBEERCM. RE. AE. KRB Bim XIB&E L. K.
dZE . ARSI TA] B A BE 0 H T LA B, 1987 4R 1 2022 4RI 78 [X A2 2 P8 5 B 9 AN 38 25 il I T
RULB] T 447.65km?, LU TARM) 47.28%, 1MiA8 2 KA THAR L AR G- R0 I HIAR 2 T K2 13.27%, i
WX A S 8 RAEAR A, (HEZ 2RI AR Z A AR A 3 R BOE 1 ) 2
PR pt— e kR .

AHIEFE IR FLEE R B, TR AT IR S5 AR BGET T AR A5 T B VPRI AL S RARBA[17], A FE X A AR5
JRELE 1987 3] 2004 £ PR, 2004 SE3] 2022 FAMEMECE R, MR R EESHBHRH,

Bk
[1]  ARIREK. TSR A SRR Al d R[], 42554, 2013, 33(24): 7853-7862.

[2] XA, Rk, 5%, & TR SEEOPUN T A SB[, RIS TRERER, 2015, 23(4):
728-739.

[3] okih, HIRZE, DG, & B TEBAESBEMNE R TASEMAPI]. HEEAEE R, 2017, 15(2): 58-62.
4] =B, g ETRBBAESERIRMXAESIRERNI. M 22K, 2018, 32(3): 75-77.
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