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Tab.1 Principal component analysis results of the indicators

. 2001 4 2010 4 2019 42

AbE PC1 PC2 PC3 PC4 PC1 PC2 PC3 PC4 PC1 PC2 PC3 PC4
LST -0.353  0.923 0.139 -0.063 -0.333 0.933 0.122 -0.059 -0.392 0.914 0.068 —-0.085
NDSIy, -0.543 -0.327 0.538 -0.556  -0.530 -0.300 0. 605 -0.513 -0.512 -0.304 0.735 -0.325
SWCI 0.552  0.180 -0.158 -0.799 0.560 0.163 -0.110 -0.804 0.561 0.158 0.099 -0.806
NDVI 0.525  0.093 0.816 0.222 0.543  0.111 0.779 0.294 0.519 0.218 0.667 0.487
LA 0.217  0.020 0.004 0.002 0.195 0.019 0.005 0.002 0.176  0.029 0.005 0.003
i AE BT

89.31 8.25 1.77 0.67 88.33 8.76 2.03 0.88 82.81 13.74 2.19 1.26

MR/ %

%2 A EIEAREALE & RSETL, 551t
{H, 45315 ,2001—2010 4, RSEI, ¥4 {H H 0. 556 4
fNEN 0. 583, MAKEE TN 4. 93% , WF 98 X A &S R &4 BT
$RTF, X5/ A BIBE ST R S A —FC 7 2010—
2019 4F, RSEI, F W& 510.527, Bk T % 9. 55%
2001—2019 4 W 5% X AE S B R 2 N R
SRR S. 22%

&2 BI5tRA0 RSEL, Stit{E
Tab.2 Statistics of each indictor and RSEI,,
W e _meT___dni

W bRdERE M bBRMER MM berER
LST 0.622 0.210 0.605 0.196 0.646 0.227
NDSIy 0.439 0.260 0.424 0.242 0.466 0.227
SWCI 0.549  0.260 0.573  0.251 0.525 0.241
NDVI 0.607 0.251 0.635 0.246 0.618 0.227
RSELy 0.556 0.257 0.583 0.244 0.527 0.239

WA S P8 b A5 46Kk &, 2001—2010 4,
SWCI F1 NDVI #5453 i, 35 =350 4y 4. 37% F
4.52% ; 2010—2019 4, T [& 2R 4> 5 8. 38% Fi
2.68% . M A BEE WA, SWCT SR BEAL T
4.37% ,NDVI BEHI T 1.81% ,NDVI {3 /Mg 3, i3
B T ST 4F R 5t B X Bl A fh 2 B R
P X LST A NDSI, ,2001—2010 4, 1
HEAL T, TR0 5 R 2. 73% M 3. 42% ;
2010—2019 4F, B & 4> I T 6. 78% F19.91%
MAEANTF S E , LST SARBE T 3.86% , NDSI,, 3
MmT6.15% .

254 RSEL, (78 (L4047 ,2001—2010 4, i A=
2R IE R RV P B SWCT Fil NDVI 410, i i
[ {E Y LST F1 NDSI, R, B RSEL FF i, R4S
JRE I, T 2010—2019 4, SWCI fil NDVI 4§
K%, LST F1 NDSI\ #4 bFt, Jt HOE FRAE 3 15 FH o A4
1) NDSI,, 38 hn W 55, 33 15 307 4 Sk 3ok i £ 150
5K, H3% TR Ak B BLSE RS BL AT 45, It RSEI,
B R, A S iR 25 . IR BIFSENI R ,2001—
2019 4F, 45 IF 1) 4 I B9 NDVI B R 8% T
1.81% {5 SWCI jafAR AR , [ i 2 3 4% 14 F i) LST
I NDSL 3N T (3 2 F AR ALIRE ] 4.79% ) ,
NDVI {35 E A JE LG e 3 />4 b oo A= 2 o
R, B RSEL SR LR k%, LI E2r#r
VAW, W RSEL, 5 & A5 bR A8 1 — 3, ik —
A UL RSEL, BAT B iz o IRt

]I RSEL, 5548 $8 7 22 18] A AH S 5 43 #7 e
XA AR SR A AU, % 3 R IE AR [ B 2l
Jo RSEI 5 &8 FRIOM R4 . &3 W IB N,
4 SRR R PP YR 54 B e i 1 SWCT, 7 2001
k5 0.879,3 - {H K 0. 858, 1fif RSEL, 5 4
ANPFERRIN 3 MEM A KT 0.9,3 a F
YIE M 0.916, e i w1 SWCI i 1 6.76% , 1t 4
AEFRIEHIE (0. 793) @t T 15.55% , X WA
218 RSEL AMUEH T8/ B AR5 B, 18 AT —
FEARH HAR N, B RE L & 2k KA S DR

®3 KIEHRH RSEI X EH SR

Tab.3 Statistical results of correlation coefficient between each indictor and RSEI,,

e 2001 4 2010 4 2019 4

AbE IST NDSLy SwcI  NDVI RSEly  IST NDSIy SWCI  NDVI RSEly  IST NDSIy SWCI  NDVI RSEI
LST 1.000 -0.779 1.000 -0.745 1.000 -0.722
NDSI, 0.656  1.000 -0.971 0.618  1.000 -0.966 0.533  1.000 ~0.945
swcr - -0.711 -0.970  1.000 0.987 —0.678 —0.959  1.000 0.986 —0.627 —0.931  1.000 0.979
NDVI  -0.721 -0.930 0.95 1.000 0.975 -0.680 -0.921 0.952 1.000  0.974 —0.580 —-0.909 0.943 1.000  0.959
Fi?w% 0.696 0.852 0.879 0.88 0.928 0.658 0.833 0.863 0.851 0.918 0.580 0.791 0.8% 0.811  0.901
I3
3 a By(H LST =0.645 ,NDSI,, =0.825 ,SWCI =0.858 ,NDVI =0. 843 ,RSEI,, =0.916

O LR —F 55 JEAAR hRAT ¢ 2R K X EL AP 4 L
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Fig.1 Spatial distribution of RSEI,; in the study area
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Fig.2 Area and proportion of ecological quality of each

grade in the study area from 2001 to 2019
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Fig.3 Spatial distribution of RSEI,; change in the study area
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A AR 10% (1) R A A i 8 464,35, 51% 1 IX.

WAR R 2, ERAEW L ERE 59.11% T
[ 54. 88% , UL BB o8 X A & R iR b, #F
AR, WFoT X AR 25 2 A 0 Je R A i AR AL 4
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- e mT—mm$ my—mwi mT—mwﬁ
T F/km it/ % T/ km i b/ % T/ km i b/ %
W) A 25 —4,-3 225.72 0.10 712.40 0.33 1502.91 0.69
AF -2,-1 32 838.31 15.13 76 358.30 35.18 75 967.23 35.00
g 0 128 285.30 59. 11 119 116.43 54.88 95 766. 28 44.13
25l 1,2 55 369. 04 25.51 20 841.91 9.60 42 920.70 19.78
Bf] AN 4T 3.4 314.73 0.15 4.06 0.00 875.98 0.40

M TS B 2R E , RS 2
MK R E I RSET, Y {H A8, A2 248 5T 84T
SR O RHEE M RSEL E AR, S TR
2Z(E 4) . wEF M, RS A SRR s &L,
2001 4F 2010 4F 2019 419 RSEL IR 205 T Hifth g
7,3 ANFEA 9 RSEL AN 0. 774, LB FREIX
AF-3ME (0. 555 ) imy th 1 39.46% , AR A Z# 2 5
B | =10 AN 110 ST R 3 = o 1] P S I
AR RSEL YME . 5 R 1Y) RSEL, H{H A, 2
TR AR LIS K, DL 2001 4F11% 0. 358 3 n %1 2019

AERY0. 531, MG A 48. 28% AEFIGK: 2. 21% , Hir
2001—2010 4EREK: o P, 45 H 18 K K5k 3. 82% |,
W] 2001—2019 4E3K K I A9 E S R B HREEM0 , R 25
JfE AR . RTE Y RSEN W 22218 35K, A
2001 41 0.769 H4 K- 2 2019 4Ef 0. 779 , 4E 3 K-
0.07% . dtx R AKIE HIL L Z 25 i
RSEL 525 T [, Horb R T B I A BH &, 2001—
2019 4E M 0.559 TFREZR 0.419, BARFE(K T 25.08% ,
FLUCh BT B, SRR R Y 5 20% TR
B RE Ve KE) RSEL IR SE ETHE T



550 I B, AR, LT MODIS B LU I X A 25 0 28 A 1A K s 25 28 Ak Wil - 209 -
FERY A AL HRAE , Hidr ,2001—2010 4y JH ) RSEL, 1 RS 0. 446, [% 05 N 32. 87% , ok KR & K .

Kehe i 3, M 0.523 4 K %0.596, 3 15 14. 03% ;
2010—2019 4F , HF¥E A RSETL, T [ fe B i, M 0. 665

0.9

©20014) B20104)% ©@ 20194 = #{H

0.8
0.7
0.6

0.5

RSEI,

0.4
0.3
02

0.1

M, BRI 20%

0

GEIE BRL RN W RE RE KRD AE 0N D Bk Jbs A sk

X
4 2001—2019 £ KX & RSEL, it
Fig.4 Statistics of RSEI,, of cities in the study area from 2001 to 2019

3.3 ATRETUERIEER

KRARWEFER ], RSP AR T A
SRR R % 2R R BR 8l AR SR 5t e
DX A A5 i A AL R SR B IR R AT 1A, AR |
MRRESE H AR Z N R A P2 A i S AR S R AP UK 25

187
--o-- AR -0 -- MR
161 1=0.059 4x-106.22
R=03103

14} & &2
© © 3 / g
= £ ¥ e =
M 12r é PO o U

10} 3=00047x-17469 ¥ @ 3

R=0.003 4

8_

6 1 1 1 )
20004 20054 20104 20154 20204
Ry
(a) MR,

NNAZE, ZRS T X AES I EER R,
3.3.1 ARARZE

ﬂﬁ%g%¢ﬁ%ﬁamm—mw$m¢m
SRR R L R K B RO N B R T A, e
A5 DX ) it R RN A2 Ak %{R,ﬁn@ 5 Fﬁmo

800 180
e B = e RS o i Py AL S
000 53393051519 & 175
600 R=0.070 8 1y 2
? ,0 !\ / 17
500 L AP p % U e
] N 4
s00} S ® {65 &
& =
300 ?\ @ E:
) o I R 160 =<
200
% 0\ U ¥ & Y 55
100 9 1=0.083 8x-226.15 © 1
R2=0.058 9
0 ; s ; 50
20004 20054 20104 20154 20204
d2
(b) B

Bl 5 2001—2019 ESEEFETHES
Fig.5 Change trend of climate factors form 2001 to 2019

ZERL I, 2001—2019 4, fff 5% X AFE 3l A
AEXHLIR I R EIH S X ST 2. 2 F 5 1 A
FEFRPRI A — B (K 2) o 4FIA M 2001 4
19 11.16 °C_FFFF] 2019 4E 4 11.74 °C ,SE344F 1
F0.032 °C; 4EXHBIE M 2001 414 13.03 C FF+
F] 2019 41 14. 40 °C , F-H R4 FF-0.076 C, H
AR IR A 10 H o B 25 R B B A X
(R*=0.3103,P<0.05) (& 5(a)) . 2001—2019
A W5 DX AR 34 [ K S /NI i 8l b R e A0
W REBRMTNEES, HHEEEI AL E
2001—2019 4F, AE ¥ [ 7K 1 M\ 437. 47 mm 34 Ji )
458.20 mm, S AEAERE N 1. 15 mm; A6 VE B

58.57% T [% %) 54. 63% , 7F 2003 4F 3K 3| 5% & {H
62.50% , H 2016 4F )5 54 FRE(EIS5(b)) .

EIRF , B B I (O A R DX S
Az ORI BE R I, % X I 25 5 A2 )ﬁ%ﬁﬂiﬁﬂﬁi_
PRI s {HOBE Eﬁjtfﬂmi‘ﬂﬂﬁﬂ‘ﬁﬂmf“ﬂﬁ?ﬁk

AFIH R 2 P B S BTE TR IJH:,/E&E\

Rk FHRHRE S5 U N R e e — 2L I
SRR XA R RIR.
3.3.2 AARE

DAt2 X‘ilil%?o UNER- ¢
K SRR XS
. A3

TRk &k
BT, R EAES R ER
iit 17 2001—2019 ALK, 5 S Hb X 3%



210 - Ho% ¥

ay

JR%

R 2022 4

TR MBI B (km® ) R IX TR (km® ) | T 25
B (AN/km?) (E AP S E (gross domestic product
GDP) # i ( Ji ot/km® ) Je A5 GDP(Jt/ \) Y725 fk
THOL, VIR Mt 25 & B NS 3h & O IR
Xof DX A 2 B o f s R 2 (18 6) o GDP %%
JE N3 GDP K N F%5 AR & T KRR, Bk
T AR R A B X T AR AR R A S L b 1 X AR S AR Y
THFERL . 6 v LLVE PR Rt SR AR
M, GDP %5 5 A Y GDP $5brig K 3% . Hdt
LR GDP HE B &, RS Hb X ) GDP %% i -

81 g GDP%

161w A#GDP
141 m @ X
S 12t
10}
> 8
&
& 6t
4 L
| | | |
0/ ¢ N R 7 T
YWY PR T HIISHNE R &
P ELEHFESTETEA
H[X

(a) GDP NI GDP B R X AR 1k

SRR %

PRI K 15.45% , OB AT X A4 (13.59% )
186 AR (K 6(a)), [FIEF, Jbat REAH
B R LR b, T A X 4 A 1T % RSP AR 4 K
H(3.83% ) FEBIFE K I (1.61% ) 1 2. 38 1% (&
6(b)) . FfiF 5UHFE PR 4 8 09 A W4, T I 45
TTH GDP %)% M A 85 GDP 33 v B &2, Herh i
L1 BT 25 0 A e (11 6 () )5 HL MG 1138 8 0K
N INEE Y VN & IR PN ERYE:
AT b4 1 B N 1 5 A S A () B 4
(E6(b)),

5_

UNEE
A1 m P B
3_
2_
1_
0 R o B RS R
YR L WS H N B
1 e SeEHF En &L A
A A A %
o X
3t
4L

(b) AN FVEIE SR ARAE 1L

6 2001—2019 FHARXEHHESEFERETUITLL

Fig.6 Comparison of social and economic factors of cities in the study area from 2001 to 2019

WFFE AR, AL 3T R B b AR SR | AR
KRR35 9 2. 93% F1 0. 66% , HBIF5E X 3 14
(0.09% ) 4353 1 2. 84 HAT R AN0.57 HArmio 7K
i SRR O A BT 6 55 A2 B PR B A AR
SEEUR R R Akt TR D B ey A et 45 T A
Ho IR AR R R R 0. 14% o i Y5
L 25 52 50 b i A 2 (B 6 (b)) o MR
X E RS R T, WIS X 45 T 8 s X T BR324 B g 1
i, bR I A AR X T R AR E KR A
4.05% F15.64% ] Jb 45 T 0 B X T AR 8 4 4
KEN6.56% , 5T X $4{H (6.49% ) 5 0.7 A 4>
A N PR K mE E (E 6(a)) . DU
2SRRI T X 3 T AR R B R R
B /D, B SRR, NG S R S IR )
TP B R WK .

FUALE FP Dol e e X, N T,
FES AR R T A TR 5K, AR A R R
Rk, UL S s shanm IS TR0 B K 5%
P T B SRR IR &

2)BURHFE, MEEEK ERINEE X Mg .
ST X Gl PR & R R
MY (U R & SR A IR R MR ) 45
SRS, I R X, e — AT I XA A

TR X E ) A A T RE ORI AE AR R, R ) 52
AR AR T AR, KA TT i [ L2 fb AR E 2
AR, AR S B B ROSCE IR AE . ForhF e e
L VAP T R T D A Tl XA R [ K B R
ST A DX, S B b XN T 2855 Ik Tl A 2
A, AL Tl A & R, AR S IR T
i, HIRA A SRS .

4 it

J A 9 RSED &F Landsat 3045, 8% )32 b T
T IR L SR B X 0 A A A o e
BB GG DRI R BE 1) AR A o 0 1y P A
b ARHEFERI 25 (A1 5 i R B ) 9 MODIS £#s
SAARERK 7 g RSEL, 3 54047 MODIS 3% BS ¥
TERRAE R, 600 1 B B AR SWCT SR SRAE TR
JE R JEXGT S 15 P it T U ) 21001 | St O D By 2t
MODIS #5745 % NDBL,, {5 {613 2] T £ 45 45 ND-
Sl , A T3 F MODIS [ R A X 3 25 5 AL A it it
[ RSEL, o 3% 5 X L0 T A SCHGHE A B SWCL T B
NDSI, Fil 3 BF Wet ™ -FF NDSI 5 RSEI,,  %#
NDVI FAJE LST Z [RI W FH G, 3 AN AR A, etk fs
(T B NDSL, B2 JE SWCI, Af e J5 T B2 8 B 98 45,



F2M

7 B, AR JET MODIS F LTSI DX A 35 B 28 5 D1 S 23 72 1 e i - 211 -

5 Hif5tR LST,NDVI DL ZR45 45 %0 RSEL, 1 AH G
A, YT IS TR SRR SR AR B RERIE A S R

AN T Z A AR G R 1B B 235 A 548
B 55

RS WHATEHTEGREISRS RSEL, A E RERIRHEXE

Tab.5 Correlation coefficient between dryness, wetness before and after improvement

and remote sensing ecological index, heat and greenness

s 2001 4F 2010 4 2019 4
R RSEI, LST NDVI RSEL, LST NDVI RSEIL, LST NDVI
i NDSI,, -0.971 0.656 -0.930 -0.966 0.618 -0.921 -0.945 0.533 ~0.909
= NDSI -0.916 0.561 -0.876 -0.908 0.523 -0.864  -0.857 0.403 -0.850
- SWCI 0.987 -0.711 0.954 0.986 -0.678 0.952 0.979 -0.627 0.943
TR e 0.775 -0.549 0. 685 0.736 -0.486 0.651 0.620 -0.307 0.559

WS R ARG J7 5 2 S A8 bR I BCR A1, 24
ZAFEER N A2 R G e AR R, B WA 45
bRt 4 R AR Al ke 32 B T 5 ok TR e, BB B RO
HaEtE """ . LA RSEL AR &, L NDSI,,, SWCI,

NDVI,LST iX 4 4~/73 & 4548 o B 28 &, 57 1 98
X3 AMEG I 22 7T Il AR RY (2558 5 1% Y 235
ﬁ%ﬁ\) ,ﬁj\jnJIJj‘]:

RSEL, 50 = 0.307 1SWCI +0.302 SNDVI ~ 0.184 6LST — 0.293 6NDSI,, +0.446 9 (R*= 0.994) , (9)
RSEIL, 50 = 0.317 1SWCI +0.313 ONDVI ~ 0.171 SLST — 0.278 2NDSI,, +0.424 5 (R*= 0.993) , (10)
RSEIL, 50 = 0.330 6SWCI +0.307 ONDVI ~ 0.217 1LST — 0.279 INDSI, +0.433 5 (R*=0.992) , (11)

M3 AN AE 3 2 35 b 0] AR B 45 XE R B 4
AR BRI TR SR A9 2 SWCLL SRR KR
> NDVI,NDSI, #1 LST., SWCI 1 NDVI &% A 1E,
VeI A= A5 DE [ /5T, NDST, Al LST REO B, 15t
B AR AR A, X SR T i — 2 TR
k" R FIZ vk S BXE e N T A 2 6 B ok B Ak
YR NDVI,NDSI, LST Fi1 Wet, 1t BT 32 1 43 4347 fig
WRAEAAGAS B P 50 % WL B e L AR 25 22 5, A 1
NN EM R BIFZ0E , PSR AR AR 5 B, 32
XA A R PO B R R L

5 #ib

A SCHE T MODIS 548 X 38 Jik A= e Bk T T
S )T T W FHYE AR s AR S MODIS %4
REPE SRR T B bR b AT TR AL s B8 AR R
73 2L 1) MODIS $545 Ko™ i, FTRE 1 5080 U5 iy s 28
FRA s SR oo i, 0 T A A IR E AR 1)
FMEEF . AR O I 12 B D R A 2
RGN STz AR A AR 5 $R 4L T —Fh B Y
TE AR, LS

1) 50 B X5 A A 2 T & R 4, 2001 4F
2010 4FH1 2019 4FA: AR SE A A8 L UL T 1 7 He Ay
)k 80.38% ,85. 75% H1 76. 83% . 25 it X I,
ZE 5 U L — VG R RAT Ll st X AR S A
R, FPUALIR R O S S A R 0T o XA A T i 4K
2o AT RN b, Rl RS A PR SR A
SRR RO KSR ERZE,

2)2000—2019 4F A5 X Az 25 0t f 48 A S
LR TR AR SR 2001 4E1% 0. 556 34K 3|
2010 4E(14 0. 583 ,2019 4F X T FE%] 0. 527, MARFEAK
5.22% . 5 INE], AR A e AL 0 NS RN 25 1 T
U e 51k 20. 18% ,44. 13% ,35. 69% , 42538
AT B B R TR A . 2] BRI RV
ek AR RIS R AT BUX R | SRR 1 RS
ARSI, HREE R & K R YT R AR
i MR

3) A AL A S AT A SR BORSE AN
IR T3 TR X B AE S AR, FEKEm
AR T WEST X B AR B A K L BE T v R X
FEREARNAM G A SRR, KX O T ANAE
SO s, A S R B MG AR T
UNISE: ) | I3/ A KM S R S 2e ) S =
A LR

S % 3Lk ( References ) :

[1] Wu J. Urban ecology and sustainability; The state — of — the — sci-
ence and future directions [ J]. Landscape and Urban Planning,
2014,125.209 -221.

(2] B A, FI K. 40 FE3 ] 28 5 3 RS TR 42 1 B 8 41X 3k
i e[ J]. e Pk B ,2019,39(1) : 1 -7.

Fan J,Wang Y F. Pattern evolution of China’ s economic geography
in the past 40 years and regional coordinated development in the
new era[ J|. Economic Geography,2019,39(1) :1 -7.

(3] B, Foul. KA SIRERE TN AT o e ST ].
M A EAAHR,2012,21(10) 11781 - 1788.

Yan M C,Wang Y C. Advances in the evaluation of ecological en-

vironmental quality [ J ]. Ecology and Environmental Sciences,



£ 212 - H & % W E K 2022 4F:
2012,21(10) ;1781 - 1788. and ecological environment based on multiple remote sensing data:
[4] BRI, LI, S QU 2. SUHSEM TR (b5 4 A5 A case study of Tongzhou District, Beijing[ J |. Geography and Geo -
a5 435 B WAl & TRk /[ )] . A SR ,2019,39(4) (1212 - information Science,2019,35(1) .38 —43.
1225. [15] Wang S, Liu J, Yang C. Eco — environmental vulnerability evalua-
Liang L. W, Wang Z B,Fang C L, et al. Spatiotemporal differentia- tion in the Yellow River Basin, China[ J]. Pedosphere, 2008, 18
tion and coordinated development pattern of urbanization and the (2):171 -182.
ecological environment of the Beijing — Tianjin — Hebei urban ag- [16] #AIREk. Y & B AR S 5y B adt S L [T ]. A s 24),
glomeration[ J]. Acta Ecological Sinica, 2019,39 (4) ;1212 - 2013,33(24) ;7853 -7862.
1225. Xu H Q. A remote sensing urban ecological index and its applica-
[5] B8 ma,JAA4s, 4 0, . ARSI BT 1T A0 1 PR3 L 7 76 A tion[ J]. Acta Ecological Sinica,2013,33(24) ;7853 —7862.
SERR[J]. WP K 2R $F,2020,32(3) 237 -41,54. (177 FRIREK. XIS IR A L 01 AT 48 2 [ T]. b E R B
Rao L.,Zhou I. J,Xu C, et al. Connolation, method and practice of 2.2013,33(5) :889 - 897.
the quality assessment on eco — environment [ J ]. Subtropical Soil Xu H Q. A remote sensing index for assessment of regional ecologi-
and Water Conservation,2020,32(3) ;37 —41,54. cal changes| J]. China Environmental Science,2013,33(5) .889 —
(6] b 32, 2808, 80 T, 5. =0 KA ME s 3T [T ] A2 897.
2£4%,2015,35(21) . 7117 =7129. [18] Yue H,Liu Y,Li Y,et al. Eco — environmental quality assessment
Ma J,Li C X, Wei H, et al. Dynamic evaluation of ecological vul- in China’ s 35 major cities based on remote sensing ecological in-
nerability in the Three Gorges Reservoir Region in Chongging Mu- dex[ J]. TEEE Access,2019,7:51295 -51311.
nicipality , China[ J]. Acta Ecological Sinica,2015,35(21) :7117 - [19] #hwl « BB PSS - Pl B, 258 4 3T vt
7129. BTRBARE AL Y BT A SR B h 3 A A W 594 [0 ). K £
(7] F B, #%, FIER, %, 2T Delphi — PSR #5141 i 47 i 11 [ 5IF5E ,2020,27 (1) 1283 -297.
FERERRIF X AERZ2WMLT]. 23], 2019,37(3) : Rukeya S, Abuduheni A Li H, et al. Dynamic monitonring and a-
328 -336. nalysis of ecological environment in Fukang City based on RSEI
Wang Y, Xie R R,Wang I I, et al. Evaluation on eco — security of model [ J ]. Research of Soil and Water Conservation,2020,27(1) ;
Qilian Mountain National Nature Reserve based on Delphi — PSR 283 -297.
model[ J]. Mountain Research,2019,37(3) :328 —336. [20] =2, BT, SRk, 26 71 R0k v B0 K i) A A i 22 7 %
[8] Liu G,Wang J,Li S,et al. Dynamic evaluation of ecological vulner- LeFse [ T]. #sk{E B R ,2017,19(8) :1097 - 1107.
abilily in a lake watershed based on RS and GIS technology[ J]. Fang C Y,Hu X J,Xu H Q, et al. Comparison of the ecological
Polish Journal of Environmental Studies,2019,28 (3).1785 — quality between different urban plannings[ J]. Journal of Geo — In-
1798. formation Science,2017,19(8) :1097 —1107.
[9] Te F,Gu L,Wang T,et al. The synthetic geo — ecological environ- [21] Sk, B ATaL, 2 B, 48 ZLF MODIS f1) 2006—2016 4] 78 ji#
mental evaluation of a coastal coal — mining city using spatiotempo- e SRR TR S H 23234k [ T ], B4R ,2019,74(7) ¢
ral big data; A case study in Longkou,China[ J]. Journal of Clean- 1438 —1449.
er Production,2017,142 :854 - 866. Wu Y J,Zhao X S,Xi Y, et al. Comprehensive evaluation and spa-
[10] JESCEEfTMEME. )18 #5 ok w EL A 38 B PEA[T]. sk tial — temporal changes of eco — environmental quality based on
58 Rl,2014,16(2) 314 -319. MODIS in Tibet during 2006—2016[ J]. Acta Geographica Sinica,
Zhou W Y, He B B. Eco — environmental quality assessment of 2019,74(7) 1438 — 1449.
Ruoergai County in Sichuan Province based on multi — sources re- [22] Xu H,Wang Y,Guan H,et al. Detecting ecological changes with a
mole sensing data[ J]. Journal of Geo — information Science 2014, remote sensing based ecological index ( RSET) produced time se-
16(2) :314 -319. ries and change vector analysis [ J]. Remote Sensing, 2019, 11
[11] Wang X,Cao Y,Zhong X, et al. A new method of regional eco — (20) :2345.
environmental quality assessment and its application[ J|. Journal of [23] 2k, [ 302, 53 1980—2015 4F 3% A7 + HF) FH 25 4k i
Environmental Quality,2012,41(5) ;1393 —1401. ST R AL [ T]. P B, 2019,39 (3) . 187 -
[12] Liu Y, Yue W, Fan P, et al. Assessing the urban environmental 194.
quality of mountainous cilies: A case study in Chongging, China Li X Y, Kuang W H. Spatio — temporal trajectories of urban land
[1]. Ecological Indicators,2017,81:132 —145. use change during 1980—2015 and future scenario simulation in
[13] ¥ ¥, A, &5, % RTRERSIIEWT HaF X Beijing — Tianjin — Hebei urban agglomeration[ J ]. Economic Ge-
AEBHE RS GTE [T PO Aol R =4k ( A AR ography ,2019 ,39(3) ;187 — 194.
M) ,2017,37(3) :74 - 80. [24] Carlson T N,Ripley D A. On the relation between NDVI, fractional
Pan Y,Gong H D, Dong L Q, et al. Comprehensive assessment of vegetation cover,and leaf area index[ J]. Remote Sensing of Envi-
ecological environment qualily in Jinxiu area based on analytic hi- ronment, 1997 ,62(3) ;241 -252.
erarchy process[ J]. Journal of Southwest Foresty University ( Natu- [25] FengL,Jia Z,Li Q,et al,Zhang Z. Spatiotemporal change of sparse
ral Science Edition) ,2017,37(3) :74 - 80. vegetation coverage in Northern China[ J]. Journal of the Indian
[14] BAfEHE, 5 32, FBUR, %, 3L T 2 00 12 B0 09 Jb 5 iii s Society of Remote Sensing,2019,47(2) :359 —366.
X R B A A TR BIRF S )], 0 S0 [26] %6 &, TLUM, SFEAE, 45 35T MODIS 0+ 8t & Ak L 2 s

{5 ERE%,2019,35(1) ;38 - 43.
Zhao H Q,Jia L, Yin Z R, et al. Dynamic monitoring of land use

e R T RALRRBE
189.

3R] R AR ,2019,26 (4) 1185 —



2

7 B, AR JET MODIS F LTS DX A 35 B 25 5 P S 23 72 1 e i

- 213 -

[29]

[30]

(32]

[33]

Guo T,Yu H B,Ma Z C,et al. Analysis of spatial and temporal vari-

ations of soil moisture content and drought degree based on MODIS

[J]. Research of Soil and Water conservation,2019,26(4) :185 —189.

IRMREK. —FIEET-H5 5000 7 8 18 R SR B HL AR A B0 0

SCLT) . R& IR 5 9T, 2007 ,22(3 ) 2301 -~ 308.

Xu H Q. A new index — based built —up index (IBI) and its eco —

environmental significance [ J ]. Remote Sensing Technology and

Application,2007,22(3) :301 —308.

B8 XS, KRGS 1 70 WA AR AN IR 14 7 5T

FRBBEFELT]. ML R ,2015,40(5) 244 - 48,70.

Lyu Y,Liu H P, Liu J X. Study on build — up index based on MO-

DIS data[ J]. Science of Surveying and Mapping,2015,40(5) :

44 -48,70.

2 L IRIAEK, 2R B, % ST NDSL A NDISL 5 £#) SPOT -
SEBREAE BRI T]. Bk BB %4k, 2016,18 (1)

117 - 123.

Li X,Xu H Q, Li J, et al. Extraction of bare soil features from

SPOT -5 imagery based on NDST and NDISI[ J]. Journal of Geo —

Information Science,2016,18(1) ;117 —123.

UL, 52 T, A, 55, 3 T 08 J A 25 O i 2238 X Ak
SBR[, B AR A4 ,2019,30(1) :277 -284.

Yang JY,Wu T,Pan X Y, et al. Ecological quality assessment of

Xiong” an New Area based on remote sensing ecological index[ J].

Chinese Journal of Applied Ecology,2019,30(1) ;277 -284.

E M A VTS, S5 aUHE XY A A5 BT E WA

[J]. W A 2431 ,2017 ,28(8) 12667 - 2676.

Wang J,Zhou W Q,Xu K P, et al. Quantitative assessment of eco-

logical quality in Beijing — Tianjin — Hebei urban megaregion, Chi-

na[ J]. Chinese Journal of Applied Ecology,2017,28(8) :2667 —

2676.

E A, EF 2GRS BT RS 5 GIS IR E #2518l

SRR S (] %@Z?ﬂkﬁ%%ﬂl,zmi‘ﬂ(z) :

257 -262.

Wang W, Wang X L,Feng Z K, et al. Dynamic evaluation of eco —

environmental quality in the capital economic circle based on RS

and GIS[J]. Journal of Anhui Agricultural University, 2015, 42

(2) :257 —262.

EBBEARPREE 50 . U B A X A A PR

WL BREEAE 57 ,2020,2(5) :27 - 34.

Wang W W,Xu Q Y,Mo L. Eco — environment impact assessment

SE

of built — up area of Beijing — Tianjin — Hebei urban agglomeration

[J]. Environment Ecology,2020,2(5) :27 —34.

(34]

[39]

[40]

T 53, S SRR S O R XA B NDVI 3578 4k K
HERMTIRARLI]. K2R 5 R, 2020,40(5) :319 -

327.

Xu Y,Huang W T, Jing J L, et al. Dynamic variation of vegetation

cover and its relation with climate variables in Beijing — Tianjin —

Hebei region[ J]. Bulletin of Soil and Water conservation,2020,40

(5):319 -327.

BRI, 1 MESC. 1M i X R B ) 2=
FLI]. P EESREZD,2018, (11) :38 -43.

Chen J,Han S Q, Xiao W W. Study on spatio — temporal changes

s A5 Ak K 36 PR

and rehabilitation of saline — alkali land in the coastal area of Can-
gzhou[ J]. Natural Resource Economics of China,2018,(11) ;38 —
43.

VR, AR, DA% RSN X AR S gl A
Pr——LRIHE R R E O o (1], /K 2 PR FF5dE 4, 2015, 35
(5):232 -238.

Xu Y Q,Zhao F F,Sun P L. Evaluation of land ecological security
inecological fragile area; A case study of Zhangjiakou City, Hebei
Province[ J . Bulletin of Soil and Water Conservation, 2015, 35
(5).:232 -238.

BOBE, S A INEHE. R TR B AR HUH XD IR X AR
SR SEERNIT]. F8%54),2020,40(6) ;1923 —1932.
Huang 1., Wu D,Sun C Y. The ecological effects of ecosystem con-
servation and restoration in Beijing — Tianjin sand source regions
based on the planning objects[ J]. Acta Ecological Sinica,2020,40
(6):1923 -1932.

U, BUR K, T ST HR i X A AR BE AE L AR AT
RSN [J]. TP RREER ,2014,34(3) 176 ~ 773,

Zhou S,Huang Y F,Wang G Q. Changes in the ecological environ-
ment and there determining factors in the middle Heihe River Basin
[J]. China Environmental Science,2014,34(3) ;766 -773.
R, ZEH, A AE. 2005—2018 A1 36 VL Ui i dulor L
AL A s A B ARG 2R [ T /K R /4@ 4, 2020,40
(4):219 -227.

He C L,Pu J W,Shen J X. Spatial — temporal changes and driving
mechanisms of landscape ecological security in lower reaches of
Lancang River during 2005—2018[ J]. Bulletin of Soil and Water
Conservation,2020,40(4) :219 -227.

Lobser S E, Cohen W B. MODIS tasselled cap:Land cover charac-
teristics expressed through transformed MODIS data[ J]. Interna-

tional Journal of Remote Sensing,2007,28(22) :5079 -5101.

MODIS - based comprehensive assessment and spatial — temporal change

monitoring of ecological quality in Beijing — Tianjin — Hebei region
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Abstract; Ecological quality assessment is an important prerequisite for guaranteeing the harmony and stability of

the production and life of human beings and the ecological environment and for achieving the sustainable

development of regional social economy. It has become a new trend to quickly, accurately, and objectively assess
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the regional ecological quality using use remote sensing technology. This study used the MODIS data of the Beijing
— Tianjin — Hebei region in 2001, 2010, and 2019 to extract four important indices, namely, NDVI ( greenness) ,
LSM ( humidity ), NDBSI (dryness), and LST (heat). Then, this study obtained the MODIS remote sensing
ecological index (RSEI, ) using the principal component analysis method to conduct a comprehensive assessment
and change monitoring of the ecological quality in the Beijing — Tianjin — Hebei region over the past 20 years. The
results are as follows. (1) The ecological quality of the Beijing — Tianjin — Hebei region shows distinct regional
differences. The Yanshan Mountain in the north and the Taihang Mountain in the west have high ecological quality,
while the Zhangjiakou area in the northwestern part of Hebei Province and the urban center in the southeastern part
of Hebei Province suffer low ecological quality. (2 In 2001, 2010, and 2019, the average RSEI,; of the Beijing —
Tianjin — Hebei region was 0.556, 0.583, and 0. 527, respectively, with the overall ecological quality showing a
downward trend. (3) From 2001 to 2019, the area with improved and degraded ecological quality in the Beijing —
Tianjin — Hebei region accounted for 20. 18% and 35. 69% respectively, and the ecological quality in this region
showed a pattern of improvement in the northwest and degradation in the southeast. The main reasons for the
ecological improvement in the northwestern part of the region are the changes in water and heat conditions, such as
an increase in precipitation and temperature, and a series of man — made protection measures. The reasons for
ecological degradation in the southeastern part of the Beijing — Tianjin — Hebei region mainly include the rapid
advancement of urbanization and the enhancement of social and economic activities. The comprehensive assessment
of regional ecological quality can be effectively achieved based on MODIS data, thus providing a reference for the
green and high — quality development of regional social economy.

Keywords: ecological quality; comprehensive evaluation; remote sensing monitoring; MODIS; spatial — temporal

changes
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