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Ecological Quality Spatio—temporal Assessment in Binzhou City Based on RSEI and InSAR
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Abstract: Taking Binzhou City in Shaanxi Province as the research subject, based on Landsat, Sentinel-1 SAR data and land-use type data, we
used the remote sensing ecological index (RSEI) and InSAR subsidence monitoring techniques to comprehensively evaluate the ecological envi-
ronment quality of Binzhou City from 2018 to 2022, and conducted an in-depth analysis of the spatio-temporal factors affecting ecological quali-
ty in Binzhou City. The results indicate an improving trend in the ecological environment quality of Binzhou City during these years, with RSEI
values of 0.53, 0.57, 0.52, 0.60 and 0.67 respectively. The Slope trend analysis reveals that the ecological environment in 80.24% of the area has
improved to varying degrees. However, in areas of subsidence detected by InSAR, the RSEI primarily exhibits a declining trend, with a notable
improvement in ecological quality in certain areas, which indicates that underground mining activities have a significant impact on the ecological
environment. The predominant land-use type in Binzhou City is cultivated land, five-year proportion consistently above 55%, with a significant
transition of grasslands into forest over the five years, amounting to approximately 99.41 km?. The research can provide important theoretical ref-
erences for ecological environment monitoring in industrialized cities similar to Binzhou City.

Key words: RSEI, ecological environment quality, INSAR, land-use, Google Earth Engine

RSEIREME LR G S MEg i | 1R . T DL TS5 InSAR JUREECHE . XA M T A4 A 28 BRI o i 1A 7 42 Tl
AR E R, NS NLE GG PPl X R 2 IR RGN i A
PEA RS S, 0T T AR BRI TR SHEER Y APIRL . 2SR NSETESh S AR
{di FH RSELZEAT AR SRR, i O B A S ?XTiu BERYZR-E R o LIS T A 2 PR g
R, JOvk MR SRIE AR AR SRR ISE R, InSAR BOIRBRERAKA
(interferometric synthetic aperture radar) HJ U%f)ﬂ’]’ﬂﬁ — .

LN AR N, AR | I, 1 Rk
MO IE AR LUK N T B 520 23 55 2 A U R 75*)32 MM T AL T b [ERE P45 P, Hi AR BRPG 45 195G
JLE BN R AE, 3 5L InSAR $AR JRHCH R P F% W, AU, REETE, 8 TR I —
., IFAG LM SR B, rISEBUVEASIN g, AT 108°12'~108°54'E, 35°3'~35°34'N [, MM
B i 9 2 05 CEVFA o i SR I E AT p R, TR L L A
AMFIE L5 iz F RSEL, 4 Hb A1) FH 28 780 %5 4% BN 73: 1y M R TR WP S R S L IR N 1 O )




.24 - .32 & i 15 A

%023 %% 6 M

M DX T P T 2RI AR R T KR,
ForW, WEDET . BRI, LFTER T,

2 HEIERTRAME

A WF T 6 L 2018—2022 4F , 35 [ i 5T 34 4% =)
landsat8 & landsat9 2635 A Eeds , #E =5 B
16 d, M F50] WA, TL0hb . 5P L0 AN R AT A1
B, BURZ KARIEATE, B T Hm4 b
RSELF6%L, WEBUEAE6 1 H—11 7 1 HABAE K%
BRI B DR EAR, Samishile 20200, R
KAE A R WA 6 S 8. &R B E 3 T GEE
(Google Earth Engine) “¥-15

2018—2022 4F: - i FI FH {4 (] Landsat 1!
B, SRA AN E B i e, A
LUCCHZIRZRIRE, #4530 m /3 PER— 28"

2018—2022 4 InSAR TL. B Wi I K FH Sentinel-1 13
B CH B SLCEUR, %R 23 mx14.1 m, HliEE
ViJE ¥ 12 d, £ SARscape P&t T AL | WAL UE
iB‘Z W‘iﬁﬁf PUEHRG 7 SO PR b B, R

TE 75 it S A B ME M T 90 R S R T O ki B
Tﬁ%ﬁzﬂﬂ% FL 501 08 DT 52 1 InSAR 25
R B 12 H O BRI RE ZEi 1515 uixfsﬂ;ﬁ
InSAR UTREEHR S S, A FF R UTREE F

3 WARBGE

3.1 RSEISHHT
RSEEARFERFI AR b I T — A Hb X A AR 283

B, JERTSE AT RSk R HAA AR . R
(WET) . &% (NDVD) ., #JZ (LST) F+J& (NDB-
SI) 4N EFRERG AR, 3E X X L dg ﬁl&ﬁﬁ/ﬁﬂc
REBE, I B FE U oA AR RSELYR %
AT Y

WET=0.151 1p,,,, +0.197 3p,. +0.328 3p,, +

1
0.340 Tpyyp = 0.711 7,y = 0.455 9p e v

A, e Pgreen » Pred ~ PNk~ Pmri > Prirz 7
WA sREE B, LB, LB, th
LLANIEBLT . LA 2.

A —AUAE B AR EOE — PP RE A R A AR R
SUMVE TR RUFERR, B TR R DS B, XS
TP Ak A Bl A TR 100 R AR PR W H A i
HEAKXWT

NDVI = ZNiR ~Pred (2)

PNIR T Pred

K, P
PR E
PEERR BB R T I BRSO

Preq ST IR UT LT A MG BORIZL (4% Be b 3R

SRS, E 5 AR S AR R S N A
BB,

T=[exB(T,)+(1 —&)x 4, x 1+ 4, (3)
ro=— % 4)

1+[n KIJ

A(T.)
siy-LAmod
Kb, e WK LIRS, T, MR B AL
B(T.) FBRAIRIIZERE s o AT IME KL% 5

T A RN RN R LN SN S BEAE s A4, R
ARSI A, AR MR K. K,
LTINS R T RERR B TR A b ok TR A
JERYSE bR, A LR G AR A AR R B R A
.

pMIR prcd) (pNIR +pbluc) (6)

(
SI=
(pMIR +pred) (pNIR +pblue)
)-
)-

2leR (leR +leR |:leR (pmr +pred) +pg1'een/(pgreen +pMIR):|

IBI=
N (pMIR RN |:pNH{ (pmr +pred) +pgreen/(pgreen +leR)}
(7)
npBsi= & ZIBD (8)
S Poe Pgreen > Pred ~ PNR ~ Pmirl » Puirz oy

FomEE AN B, SEliB . A, TaE.
CLAMNEEB 1 ST MR 485 IBLU SR
3.2 RSELF R B35 b
TE RSELE B TSl fe v, Ry 17 sk Sk A4 0T 512
IR T, X AR TR AL P 2t ) —1k
T, BREE . SRR BEERIT X 4 MR i
TrbrdEtl, DIHBRENTZ RN 2R sl E8Sr
IATERBUH S — E 84> (PC), IR HL T IH—1b
AEPRJE, 132 RSELEEL.
RSEI, =1-PCl (9)
RSEI=(RSEI,—RSEI_ )/(RSEI, —RSEIL . ) (10)
SR FH A5 0] BE32: 0T RSELFE R 45 SR i A T H 5 4028
WH RS ER: . 25, P REFFILFE",
FHIEFAGTCH— et MM i, it oA
FMEOTH RSELT 2 AR ke s, THRIEG T T RM%



03 K% 6 4 W R, £ FRSElIE INSAR ez 1 7T 4 24 Fr-8 o 20 iR 1l .25 -

JUAE ZAF I [B] N B2k M)A 3 bR . Hieik, HIE T
2018—2022 4[] RSELEH AR, AT
nx zn:ill. - iiimi
_ i=1 i=1 i:12 (11>
nx iiz — [il)
i=1 i=1
K, O FEFARR, B RSET 1947 Pr AL fb
K RSEL WS i 4E (G RSEIME, @ J Wil 4% 24
Oope> O i, /R RSELSEBEIIRAS, S22 s>
3.3 InSAR VLI
SAR FGe i 1 75 iR U B G IR Im T, A
B TS TR (1A B (1) A28 38 TR 5 A0 A H Ay S il 3R 1) 0 B
Flg . S BUGE AR AR, SARGEIERJZH
i DL RCES RS TAE, $RELES R iR
WL ECHE . 78 InSAR Fe AR, /DT B M i ] — X3
SAR FEIQ AT 2 ILHaAHfe , BRF- AR . HbTE A
B, MEEAGL . KA, i3k bs B AR AE
BIRIAE 22, 7RI IERE FAS AT I U IME AR
DI 86, THah k=00
Pine =Pt + Propo + Pater + Patno + Proise (12)
KA, pp AFHAOL; ¢, WHIEANL; 04, Joit
IV ¢, DRTIERMAL; o, HEFG]
A
3.4 LHOR) 8 5 Br
FEF 2018—2022 4 [a] + b A FH ALy, it
- AL B FER H E, XPA N TiT 1%)  H ] FH
YA G AP i R E I O TS

4 FERRITIE

4.1 BB B AL B

2018—2022 4 F Wi 4340 M rh PC1 Bk fw =, 33
TET5%VL L, HAMRLFRAENM . WETH5 R NDVI
FEBCREAE ) 5 o B, BB 5 PCL IR Tt
X, Hir, 7EPC1H NDVI B BTk EE Y B T WET #8451
TTHRE o LST 45 K0R NDBSI A8 $UHRAE ) 5 B {E, i
B E 5 PCLI R R IEM G, H, 7EPCLHLST
FE B vk B 34 v T NDBSTHE Booi i . it A B35
O RSEL R STk AE O , A2 JH T NDVI 8 Z0R1 LST 45 %4
XA Yo g o [WE, a4 A
RSELFE#0CH4ME , nT LA H 2018—2022 4 [a], #2IH 1T
RSEVRHGE T, BARA SR BRI giit
A LATE Wb BIMEN 17 A SRR R AR 4T

Sk S DB AS A M T AR A e, IR

slope —

N TR S PR B i 23, &l 1 7R . dlad RSEL
23 [A) 3 Ai PR R, S M T 04 B A P A A A BRI S 45
by, AR R m R ARSI R B s, AR SR
B s A s R I X IAE M T LR, AR AR AS3E
BRI IE

SR 45 ) 1 9 05 RSETZR {34 81 40y 6 Fh 45 4%
Grh A B RHCE . BRI . I
BEUEE, GO T A SR B AR E L, M T
2018—2022 4F (7], ARSI Bt K AR U o, T
U ik 3] 78.92% . # i As 2=, m A T
19.31%, BTG FG  0.44%, AR LT
FETH AN H 1.32% o A TR Ak LA B PR AR T R
H, BIARTREE. Midgitel ERIWM TS
BB AT
4.2 MDA LRFAE 5 B

KM T 2018—2022 4, £E4F 12 A 14 B g
To—5 SAR B4ls 04T T¥5, b A 3045 3] b R TR
B, TR T8 n . R 2 AT, MM
T B YLIE X AE G & U, % X s
K, VIR E, AR NS Wil
1A S RSEUESELE XT e (g 3), &IBLRSEL
A2 IR S VIS A —E R E YA, Eda, b, ¢
XEAESABBAHE, SUiEuBEaHEES, o
DL R RS ARSI AR, o KIS EE A
B GE, S UIREEAHEES, Iy XAETT
KZJG A ReAAE B B R i i, AR AIREE B AT
W7o X RSELEAMG B, RIS AE TR DX 5,
(I RSEMEFH AR, L2022 4R A%, JLAL RSETHH
TARE R XIS A 6 o AR A Ao i
RIS OUT , SR FRUTRE XA S R I Ak,
PERTA, TR A= AR A 26 AN T ZL I B 5

4.3 LRI AL AE 5 B
WM 2 IR B, HR 115 alal Ay



.26 - .32 & i 15 A

#2355 64

He IRt 50% , LU R A, TR A AL
ToRE . 20182022 4F, SUAEHE M T Aty R
PRESH IR ERRAGE , (EBR . Mo KPR T Hb
AR L A5 T4, T 5 L 0 A PR, %4
R TR 3 FT R 7E3X S adiil, HEH it Huf
FH ) 535 A Fe e B 1) HC A0 - 25 1

X S
DY o 5
B Ml R KR T RAI
20184F 5643 1240  28.69 0.19 2.30 0.001
20194F 5713 1274 27.60 0.20 2.32 0.001
20204F 5655 1327 2755 0.24 2.38 0.001
20214F 5672 1398  26.62 0.26 242 0.001
20224F  59.85 1446 2296 0.25 247 0.001

M T 2018—2022 4 + Hb 1) i AZ Ak a1 £ 35 %)
277.38 km’, (G WFSR X G RIFR Y 23.58% , 45 M2 2 (]
FHEAL, #iH . KR s B b AR A R b LA R]
SR EE, AR AR R AR 2 ] . L
RRBUAFLH A KA S, AU 118.18 ks ARHbY
JCARIAN, AU 117.49 km?; Bt 3 S057 H o 0
b, TN 63,77, 99.41 km®; M T BRI N
B b R B A A, TR R 23.97 L 99.41 k'
5 A T] A2 U T 0t TR S R AR, PR TR g
i, AT AR T A A AR T AR SR

®

>

e Bl EEwe EEAc B eene WA

5 & i

2018—2022 FE ML T A AR PR BE it 52 A& R ek
. JRERIRAL” HRAE, B ATEE (RSED H{EHM
0.533 6 T E 0.666 4, 80.24% X a4 b4, 1B AKX I
R TUIREIX M NETE S A . LA S5
B, BEHLG HR, RH AR S R R, KRS
AR AR 55 . 456 42 InSAR LR Wl 4347
RBLIIRE X RSEVE P S B8 . b R 20 T K
P i e 3 1=l N < 11 3194 o o (1957
R DX RIE B it RSEVEL [T, BRI WS, WF5%
BT A S VEM T 45 2 A (41 InSAR 5 &
), X PE T IR BRI o ME M T A AR AR T
MRS TR, (B X I RA X Az 2538 5l & 77,

wsRA AR AT, SFEIT RS R

SE A

(1]

(2]

[5]

(6]

(9]

(10]

TRESR, e, RATHr, . A TR E R A SRRAN TR
R A SRR AT L AL A A B[], A EF
18,2024,43(2):1-21

R AR FRER,F A TERESEINORTTAS
TALHHT[I]. $oB 21845 8:,2017,15(2):58-62

&8 & VA K5 RSEL A B A S BB R T R[], 3
2272 443 € ,2023,21(8):37-40

AAEF FEMH, P InSAR T B Bl 7 ik 5 #F ik
JE[T]. M 2a334R,2017,46(10):1 717-1 733

Liu J, Kuang W, Zhang Z, et al. Spatiotemporal Charac-
teristics, Patterns, and Causes of Land-use Changes in Chi-
na Since the Late 1980s[J]. Journal of Geographical Sci-
ences,2014,24(8):195-210

LiZ W, Ding X L, Liu G X. Modeling Atmospheric Ef-
fects on InSAR with Meteorological and Continuous GPS
Observations: Algorithms and Some Test Results[J]. Jour-
nal of Atmospheric and Solar-terrestrial Physics, 2004,
66(11):907-917

ik, KR A SIRF LA & B 15 2], F B3R5
#42,2013,33(5):889-897

Crist E P. A TM Tasseled Cap Equivalent Transformation
for Reflectance Factor Data [J]. Remote Sensing of Envi-
ronment, 1985, 17:301-306

Goward S N, Xue Y K, Czajkowski K P. Evaluating Land
Surface Moisture Conditions from the Remotely Sensed
Temperature Vegetation Index Measurements an Explora-
tion with the Simplified Simple Biosphere Model [J]. Re-
mote Sensing of Environment,2002,79:225-242

Nichol J. Remote Sensing of Urban Heat Islands by Day
and Night [J].
Sensing, 2005,71(6):613-621

Xu H Q. A New Index for Delineating Built-up Land Fea-

Photogrammetric Engineering and Remote

tures in Satellite Imagery [J]. International Journal of Re-
mote Sensing, 2008,29(14):4 269-4 276

Rikimaru A, Roy P S, Miyatake S. Tropical Forest Cover
Density Mapping [J]. Tropical Ecology,2002,43(1):39-47
R RRF AR R THEE A SIRIN TR TR A
BRE TS, 3L = 8435 8 ,2023,21(7):65-70

X £ 4, 3K 55, FRARE 4. 20002015 511 A K ARG
B TN BB E S AAE T )] A
%,2019,38(5):1 464-1471



