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B BYE B A 51 805 RSEIHYXT EE 43 47

XE, XL, BB, BEL, RFEE', KE'

L PGERHER: MR S HARABE, P4 710054;
2. INARAK LR SRR T E A RS I KA BRI A B, I T 276005

OE: T AT AR A T s AT W RIEAN A AN SR A 4 T R B SRR b, AR G
SREE M. TR PR R EHE PR R 353204 PCA (Principal Component Analysis) 4 2 2l it 75 i Jk
2548 0 MRSEI  (Modified Remote Sensing Ecological Index) ; 1 JH i A3 32 1 5 6 1 — R 25 — 1w iy 45 AU PSR
(Pressure State Response Model ) R FERRARUE , I AGR RS A A M IEFE AU EL (Eco—environmental Index)
5 MRSELFI RSELJEAT UL . [, ZR e . U W T REHEARF IR M7 41 KPCA (Kernel Principal
Component Analysis) F4 ## 35 2k 4 i& 8% /1 25 38 20 NRSEI  (Nonlinear Remote Sensing Ecological Index) ; #% J& K
MRSEI. NRSEIZ#15 H H )i 84 488U RSET (Remote Sensing Ecological Index) #E47%f FLFIHT . 455 3R 1,
MRSEI ] 4 B3 57 et 25 8] 43 A 0 i A 25 B i (5200, 2014 48 12017 4F MRSEL 5 EI ARG 2 5043772 0.829
F10.857 (P<0.01), L RSEL'Y ELAHSCHRE 5 55 0.035 F10.055. 7€ F3 X MRSEL I RSEL Y EI 45 R 3%
W1, MRSEIRYF-Y4axg s | 05 iR 2% AT Y ARXT 1 22 24/ T RSEL, B MRSE B3 ] 1 7 A6 25 5 1 3
fr, 2 AHEIEEX U AT ARSI | EARARE W B, 7ESCE X KPCA 55— F M43 SRk 1L PCA
PR T 11.94%—21.45%; & A45F55 NRSEIMISC R KL IE 5 RSEIHE 5 17 0.128—0.198; NRSEI AJ {A B AE 2545 4 1)
MU, RSELN AR ZS BRI 22 1 DA IR, X A2 28 PR AR A 1Y XA I i, NRSEI 5 12 G AR E 14 S e i 2
DARDUTEIARAE o A2 Wi 28 BT R IR W AL mt i AR 28 B 5 1, MRSELYL T° RSEL; 0K 45 54 8] 1) 55 2 1
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2P ] ALY NRSEI 0 A= 25 PR35 ORI T F FHZ AL ) RSEL
RERE: B, SUEREIRE SRR, ARA MR B AR, AR RS, R T, TR — RS

T

SR X&E, BBE,FE, B&EL, BEE, KE 2022, B ELE B A BI85 RSEIR ST L 947 B B ,26(4) : 683697
Liu Y, Dang C Y, Yue H, Lyu C G, Qian J X and Zhu R. 2022. Comparison between modified remote sensing
ecological index and RSEI. National Remote Sensing Bulletin, 26(4) : 683-697[ DOI : 10.11834/jrs.20229338 ]

15 =

Wi ESREZHAIE I E R, 7
TE A AR AL ZY (Hu 1 Xu, 2019) 357 4
S0 (Imhoff %5, 2010) %A 35 Y5 ml i, Xt
Wi AESREHITZRE, ZRE. SEEMT
D, R AR AT DR R GE 2 T
AT, @8 AR B R P X3 A 285 2R 85 1 2L
FB: (HuMlXu, 2019; Willis, 2015), =& FH
AN [A] 3 SR8 B #R K (Ochoa—Gaona %5, 2010) |
T (Sullivan%¥, 2010) . KT (Guptads, 2012) .
W (vits 5, 2009) FyEsl (Moran 55, 2004)

Fm B 2019-09-27; FERZ: 2020-04-02

SRR PR PEAT T R ATEAY . XIS AR S R
5809 R 2 5L TR BEAE B (Gupta 55, 2012) |
ABEKIZE (Xu, 2010) . SATE N (Imhoff 2,
2010) AR AP R, X SEITHY J7 A S BE 4 T Sk
WA S RAL . TR EL (2013) LA &E . W
JE BRI 4 A8 bR R T EE S 23 B PCA
(Principal Components Analysis) #4212 85 2546 4L
RSEI (Remote Sensing Ecological Index) , X34
PR PEATIT, 5E ZA L SN A WA 41
AR, 2090 T RSELVEAL Ik T A= BRI,
QAT (Hu fl Xu, 2019) . HEZEH X (Xu %,
2018) . LMLl 2y (ESEHEMERERFK, 2018) .

EEWH: AEARFIAIESE (F'5:41401496) ; LR A0 T5 T AR RHEIE S (445 :2019YQ3-04)
FE—EEE N NG, DR )7 10 N AR, E-mail : liuying712100@163.com
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KM (Guo %, 2017) . HLM (XA 45, 2015)
AP E 35 A EE T (Yue 5, 2019) 45, {HIY
KR S P T A S R R, H 2R
FEBRIA) 0 55 L Mk B AR L M X RSET 52

2006 4[5 7 PR B AR A7 &8 LAAT Ml A v 1 T 2t
T CEERECRBIENH AR (H R IR
Jar, 2006), BIEATE A R R, MR 5
FEFREL . KM B A . - iR A4S B R BT R
EIRBUL RN A SRR AL, 2015 47 [H KR b
PRAP TR A5 0T et 48 Ok T s e m e 5k, B
RSELX i A S PP thoAR AL & 2 U A8 b o 3T
AR, T A AR ) R T, DR R
I RS MK S ASHX, SR PR
(PM,,) WRER R, &% Z2EZEEEY (He s,
2001), 1L R AOD  (Aerosol Optical
Depth) AT fF5E A ERFN4S X 38k PM, ¢ FE 114 45 [A] 43 A
(Peng %, 2016; Van Donkelaar %%, 2015), K,
A AOD B S EFEhR, 454 RSELI 44
8 B k) i g A 3 S AR 25 48 B MRSEL (Modified
RSED) X3l ili A= ST VEMPEAY . ST B ES &R
HZIOECD (1993) $2 H Y T PREE B3R il 19
FT—IRZES—Mw I HESE PSR (Pressure—State—Response )
S AR ik, ASCH S MRSEL
FIRSEL B W AR AT HL A

Sl A L NS R S 7/ S 3 | B |65 e o
X 18 R A A TR BRI . RSETJE T2 M PCA 75 4
WA, H PCA AR 5 b 18] (1) FE 4 M OC R AR R
4, 1 RSELY 4/~ 38 b (8] 0] BB A7 76 55 2 M s AR 46
PER R, Wik, A SCaEitsR ARG % 3 8y
47 ¥ KPCA  (Kernel Principal Component Analysis )
A (R—MEE, 2012) AR LR 12 I
HZSFE B NRSEL (Nonlinear RSEI) , 1M ¥k #h kP
ARG L

ASCUAC ST R B, FIH PCA #4841 75 55
bR . SRR IR . AR B () MRSEI,
FIAA Y PSR AR (F:23 4845 ), HAMAGE
(fPEPRMBRIG B, 2015) B E & MEFRAE, %
FAIAEE A A S ETE S EL (Eco—environmental
Index) 5 MRSEIFIRSEI ) W a4 7 g . [
BF, ZRGakfs . WREE . BT EEHE R R KPCA
P NRSEL, M T X (1524800x1521450) 8
INRBER S BT AT g, TREd& MRS
NRSEI A e . 28— F 43 5Tk % PC1 (First

Principal Component Contribution Rate) . 15 1% &5
OGS LI 25 I 4% A5 9 LU 491 5507 T 5 RSELEAT
XFHAIHT, £54 PP NRSET I A 53 X 2E 25 0 5%
FridOR o A A B o AN Wtk RSEL, 42 = 3k
T AR AP R W D B AR L D T A A L
Femf S e, Ay SCHR 1Tl Sl i AR AR B
PRAP R Sl T AR 2 S PR S S Fr

2 WX 5RO

2.1 WRRER

WFFE XA T A FE Y 39.4'N—41.6°N,
115.7°E—117.4°E. b5 Ay B AL R A > 1 e K i
PER A, JEthivg . JemAdL =mA i, &K
-SRI KR (K1), FIRIERZ N 20—
60 m, LMK K25 1000—1500 m, M & “#E
AR, PP TS RYYE (Cao S, 2018), Z55E
FEEE, AR RO IR o b T XY Y
(NFRUAN) EEAAFERBIX, PEIX . §IHX
WX, FEHX | Al X ARSI A 4,
WAL FE A X R (B 1)

41°00'N

40°30'N

40°00'N

m 2214
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560

7
115°30'E 116°00'E  116°30’E  117°00'E

o R EAG I FIRX ITEIX

BT W58 XY DEM s 45T e W sl 43 A1
Fig. 1 The DEM and air quality monitoring stations of study area

39°30'N

2.2 HIESAME

AL 2014-05-15, 2017-05-23 1 2019~
05-13 6 5t Landsat 8 OLIiE &5 1% (T2 T htps: //
earthexplorer.usgs.gov[2019-09-27]) ; AOD %#i >k
H MODIS (Moderate—resolution Imaging Spectroradi-
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ometer) MCDI19 7=, 25050 #E8 N 1 km, L5
(https://search.earthdata.nasa.gov[ 2019-09-27]) ; 90 m
DEM (Digital Elevation Model ) %4 [ i B 23 7]
Bdi = (http:/www.gscloud.cn[2019-09-27]) ; PSR
HIE PRI G R R A AL TSR (hitp/iwww.
bjstats.gov.en/tjsj/[ 2019-09-27]) . JtH T A= S
J7) (http:/sthjj. beijing. gov.cn [ 2019-09-27]) F1dt
U E AR 2R AL R (httpe//yllhj.beijing. gov.cn [ 2019-
09-27]).

FIFH ENVI 5.3 %F Landsat8 OLLE #1746 5 5
Br. RAKIE . PHEMBTRSE WAL, K&
B THE . IERAL R PCA AR 35 ) ele i 1) 05
— Ak 22 55K AR $5 0 MNDWI  (Modified Normalized
Difference Water Index) (#R¥Fk, 2005) XF %A TH]
FUKERFEATHERL ; A FH MRT (MODIS Reprojection
Tool) XI MODIS MCD19 #E47 Bf 4 | #5525 4 Al o
KA s FIJH MATLAB i i 58 BUAZ 2 23 73 K A1
FO A E RCE R e O 7 5 RSELTPRY 4 6 AR
23 (A3 HER— 2, FIH Arcgis10.5 S M 2547 (1206
PSR & FR R (E R 30 m 128 ] 43 HER

3 0 Ik
3.1 RSEI.NRSEI#1 MRSEIS#it&

TR R (2013) ] IH — fk 22 {4 1 Bl 46 2K
NDVI (Normalized Differential Vegetation Index) .
2RI AR 8 ) B 3 Wet (Humidity Index) . 136
IR LST (Land Surface Temperature ) . 237 5 50 A
4 $58 ZU NDBSI (Normalized Differential Build—up
and bare Soil Index) 4 >4 15K F PCA 4 £ RSELL
PCA ﬁ/ﬁ(}ﬁ%& : &ﬁ*ﬁ%ﬁ% X= {xl,xz,xp tty,
x|, bR k4

(1) s ZPE (Ehotl), B—04FE
A H P {E

(2) HEEEIT R - XX,

(3) I FH 4R AE AF 23 it % 5055 5% {623 % SVD
(Singular Value Decomposition) % 3K 5 75 2% i B

%Xﬂmﬁﬁﬁ&ﬁm%ﬁm%o

(4) MBI M A BUNHER: , 5 ek
BRTRT R B, 4 568 T B e 91065 16 2L 5 16
[P,

(5) H4BCHRE ) k5 i Rk P07 2

, B y=PX,

K PCA ¥y RSET f38 J8E UK -

RSEI = £ (NDVI, Wet, LST, NDBSI) (1)
A, NDVIWHEBE R ; Wet MR JE /35t ; LST
b FRIESE ; NDBSI A SRR + 850,

ASCHI A AOD FAFZE A FEPR, 45A RSEI
(1) 4 Fa b A H PCA # #E— ST 4 I 1) MRSEL, &

MRSEI = f(NDVI, Wet, LST, NDBSI, AOD) (2)
A, AOD WA EFIERE, HARTERE X
A=l (1)

W Bk (2013) ZE & NDVI. Wet, LST Al
NDBSI #| Fi§ PCA ¥ £ RSEI, PCA J2& X} J5 i 5 1% %k
PEATE M, (B2 2 A E AR
LM IT MR . T BT bR ] A R 5k
B MER R, A CHET KPCA % NRSEI, KPCA
JE AR A BRI B A5 b DA D s {1 4 2 (] B S 38 e 4
FRAEZS 0] F, AT 4R 25 6] F 5 PCA

B A S v eRY, k=1,2,3, -, M, JEZ
PEMCST R @: R'—F, x—®(x), FEE b 5
FARRIEAS ] F, AR RRIE 2 0] TPy 2206 Dy

1 .
C= M;cﬁ(xi)d’ (%) 3)

A, RO ARAGE, Bl CARTRE, {HCHIFE
TEAE A B R R AIE 1) 52 VIl /2 AV = ¢V, Hi A
fREAE D (x) (i=1,2,3,, M) KM T 238N,

FIEft:
MDP(X,) - V)=D(X,) - CV.k=1,2,3,M (4)
V= iai(D(X,—) (5)

X, o, HEE; 4650 3). X @) M
X (5) 13:
)\iai(dj(xk) : d)(x;)) = iiai(¢(~xk ) -
L;l i=1 (6)
a,(P(x)) (P(x)P(x,)). k=1,2,3,, M

X MM BB HOE K, K =
(k)  =@) - ®(x) Gij=1,2,3, - M),

T (6) WMAKa = K’a, AP

M\a = Ka (7)
AP, a=(a, ay, oy, -, o) K CHFEE
XN L REAE [] 5 VA I) S, A 4 Ry P A% K6 B K1)
AR AR ) oK A . B e, HE
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BB x AR R AE 23 18] F At 7 ) e S 5088 @ () 1)
Vi, Ah
(Vt- D(x)) = Zaf@(xi)- D(x) = ZafK(x,»,x) (8)
W A R A A% R g . 2 A% R R
MR RES (EER 25, 2011), Al &S
BB, BIK (x.y) = exp (]| x - y| [ 20°). KPCA
AR HE 4R 25 [ ME 23 BN 7] 2 B TR) A, 76 v 4
25 (8] k% B A 38 1) /0 2T 21743 B . NRSEL Al &
/N NDVI, LST, Wet fil NDBSI ) R %, 1%/ &
]

NRSEI = f(NDVI, Wet, LST, NDBSI) 9)
3.2 iEHWRITE

(1) ZREZFEHR: NDVISHYEY R HHim R
TRECFIE B T S B A OG0k
NDVI = (p;s = p,)/(ps + p,) (10)
A, p, Flps 43 5L 3K Landsat 8 OLI i Bt 4 (41
J6) FEELS GELLAM) BB,
(2) WJZIEIR . 0I5 bR th 2208 28 0 304
SEACN LR R DI, A0y
Wet = 0.1511 X p, + 0.1972 x p, + 0.3283 X p, +
0.3407 x p; — 0.7117 x p, — 0.4559 X p,
(11)
A, p.(i=2,3,4,5,6,7) 4394 Landsat 8 OLI 5
GO IO 8 B S A 3
(3) IAEEFEAR . PR AR M R IR AR,
18 53k (Artis il Carnahan, 1982; Weng %,
2004)
LST = T/In(1 + (A X Tlp)) X Ine (12)
L, = gain X DN + bias (13)
T=K,/In(K,/L, + 1) (14)
AT, Ak Landsat 8 OLIZH 10 BRI K (A=
10.895 pm), p=1.438x107%; & HLE LHRSIZR, B
EAR I 225 S0k CRHE 55, 2015) e ; LK
Landsat 8 OLI f # £ 4 10 3 Bt 78 1% 8% 4% 4k )6 ik
WYE ; DNAHJREICKEME , gain A1 bias 53 )
&5 10 W Bt 1 A5 R D (s KR K, g3 0l Ry
774.89 W/(M*+sr+pm) F11321.08 K.,
(4) TREEHE R : AW RN 2y Z—,
HABAFAAER, B D #5482 B (an index-
based built-up index) Fl 1 5 $5 %L SI (Soil Index)

THEMERE TR, Ay
IBI =
2% pyl(pg + ps) = (ps/(ps +pu) + psl(ps +py))
2% pyl(pq + ps) + (ps/(ps +pu) + psl(ps +py))
(15)

(16)

_(ps+ps) = (ps +p,)

(ps +ps)+(ps+p,)
NDBSI = (IBI + SI)/2 (17)
X, p,(i=2, 3, 4, 5, 6) /32 Landsat 8 OLI
LGN N 45 I B RO 3%

(5) 28R AR: AOD E¥i 5k H MODIS
(I S 7= i MCD19, AR 3 2 R AR IE B ik
MAIAC (Multi—angle Implementation of Atmospheric
Correction) JZ{# (Lyapustin 5%, 2011a), J:%5[H]
SYPERIE T km, FERE bR A H AR DT (Dark
Target) (Remer %5, 2005) (RS EEHZIT, et Hb
KWL F IR A 15 DB (Deep Blue Algorithm)
(Lyapustin 5%, 2011b) . AHXHWFFE R, AOD fg
TE B S e — 8 Hb XS LN Y 0ORL ) A5 R
(Paciorek 45, 2008), 5754 ¥HEil & 192 B &
JERI R (Bk4r=s 25 2019), FFHAHALET
12 4™ 52 4 2 A5 o o WA 03l A ORS00 54, 76 AN ]
F 18] B 1Y PM, o3¢ 5 5 MODIS AOD [ AH 6 7 3k X
B RBAR (CEARFF 4, 2016), i HAEAR TGS
FY, PM, R PM,, RO DTk fe K (R T 1 4%,
2019) . [Aliy, A SCR) ] T S 355 05 20 7Y PM, 5
PM, ik 5 AOD M THH G M4BT (B12), AR
B0 0 0702, 0.684 (2014 4F) . 0.665. 0.272
(20174F) . 0.228 F110.529 (20194F), FKHWPM,,.
PM,, V& 5 AOD H A #Cm A O, HLAH G
55 BT YY) 2R A OC, T HLGE s %
A b 5T 28 A0 Y B BTG W L P TP
Fo LB, AOD Al I b AR JL 5T A 55
it
3.3 RSEI.MRSEI #1 NRSEI 3% X

T AR A BT H AR R AR EAE TR
AR, R S R ZR G VP T AR AR B Y O v
2 RIPRA N (Kearney %, 1995) FIALEE
AN (Guptads, 2012) %5, DL ESR R R
FAL & A 0, R . PCA J& —F
W 2 I B B4 3 Lo 5 Be T A 0 A EU LA

SI
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b, PCIEEEERRZ . PCAATEANBE
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BB E , R T EWE, [EfE5 R BT
etk
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Fig. 2  Correlation coefficients between PM,, PM
concentration and AOD in Beijing (Data are missing at some

stations, with a total of 35 air quality monitoring stations)

KR £ 48 bn i iR TA] i LATE 4T PCA T
22 W T XA FE AR AT IERLAL, K s — F
[0, 1], AXH

NI =(1,-1,)/(1,, -1,,) (18)
A, VLR R IERALE A, 1R
FEPRE, 1, 25 i DN EbR I ER/ME, 1, 25 iR

B (A I RAE
S 1 fd PC1 A KPCT A 88 R A 3R A 28 0 1 B
U, R A 1-PC1 fl 1-KPC1 3£ 15 497 & AE 25 48 %L
RSEI,. MRSEI, #l NRSEI,:
RSEI, = 1 = PC1( f(NDVI, Wet, LST, NDBSI)) (19)
MRSEI, =
1 - PC1( f(NDVI, Wet, LST, NDBSI, AOD))
NRSEI, = 1 = KPC1( f(NDVI, Wet, LST, NDBSI))
(21)
T E TR bR Ay FE A ML A, X RSEIL.
MRSEI, #1 NRSEI #F 17 1E AL, :
NP, =(P, - P, )(P,,. - P..) (22)
A, PJZRSEL,. MRSEIL, #I NRSEI, X 3 M52
—, P= (P, P, P,), PRARE N, NP,&
ANE—R S A, BUEYEEE (o, 1], A
R FRA S, Rz, W2

34 EH—IRE—Mm IS PSR #32

) H PSR %} RSEI, MRSEI #E 175 31F . PSR 44
FHEJ1Z  CIREZ M i)z (OECD, 1993), &
T2 W FE R R NI S IR T B s 5 bk
B2 R W AR S AEEAE O me b 2 B FE AR A IR
T T O AR A PR ) A BOR RN e (Hu A1
Xu, 2019; Neri%%, 2016), i SCEAPEA (Hu f1
Xu, 2019; NeriZE, 2016; YueZE, 2019) FI%E
ALARAS PR JERE b, R 23 SR ARG HE PSR AR 1Y
(E D), WAL MR EREEL, &

(20)

23
El= W, x X! (23)
i=1

A, ELNAESIREAREG W, 05 (AR bR AL
By XN DRI R RE s Hoh =l
2, -+, 23,

M TR AR A i A — R, DRI A 1 2 A
FATR ELZAT, B eS8 EbraE AL .

IE R IH—A AN

X! = (Xi = Xiin )/(Ximax - Ximin) (24)
T iR IH— b ACh
X! = (Ximax - X, )/(Ximax - Ximin) (25)

b, XS N EARRE X, X, R
PRI e IME AR KRB s X AR i M8 PR IH—1k
JamfE; Hei=1,2,---,23,
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F1 AEWESHEREESTNIER

Table 1 Indicators of eco—environmental quality in Beijing

H sz TN bR /eI 15 B E
LG/ (JT 0 /km®) - 0.980 0.013
NV BE /(N km®) - 0.972 0.019
P FE I/ (7)) - 0.973 0.018
SO, AR {E/ (pg/m®) - 0.955 0.030
J£ 71 Pressure NOx A4 £ B/ (pg/m’) - 0.947 0.036
PM2.5 A2 FE AR/ (g/m®) - 0.944 0.037
PM104F$5 3 B2 {8/ (g/m®) - 0.954 0.031
NDBSI - 0.919 0.055
SO REE AOD - 0913 0.059
iScyie v/l + 0.793 0.140
NI g b/ (N m®) + 0.951 0.033
TR AS R PSR AR 2 LA TR % + 0.944 0.038
NDVI + 0.936 0.043
SEBE R/ (JTT) - 0.975 0.017
N B SRR %0 - 0.928 0.049
A GDP/(A/T) + 0.835 0.111
WAL %0 - 0.859 0.095
= % + 0.921 0.053
WA K T8 H B/ % - 0.945 0.037
3 Respond
LST - 0.966 0.023
Wet + 0.949 0.034
AR R/ (T ) - 0.982 0.012
V5 K HE R/ (O 5775 K fkm®) - 0.975 0.017
TE = i LRI G 7 ) GPP AR s G Al 5 0 P AR I 36 1 Fve A0S
F2 ETREESFWESH
Table 2 Percentage of each level from RSEI in Beijing
2014-05-15 2017-05-23 2019-05-13
AT AR
RSE1/% MRSEL/% RSE1/% MRSEL/% RSE1/% MRSEL/%
[0,0.2)2% 15.50 29.75 7.78 9.54 15.07 10.40
[0.2,0.4)%52% 37.97 34.45 21.11 23.26 20.56 24.12
[0.4,0.6)F%% 24.76 19.08 28.78 27.07 23.17 27.25
[0.6,0.8) K 15.59 13.34 30.60 30.20 27.68 30.21
(08,111 6.17 3.38 11.73 9.93 13.52 8.03
&t 100 100 100 100 100 100

4 LER550M
4.1 RSEI5 MRSEI Xt Lk 437

AR RSEL AT MRSET X 3 17 A= 25 W i 7 K 35t
P80, (HIES R M FAAEER . T
U149 43 AT RSELF MRSET Sz W3 i 25 725 P4 55 i

(22 5k, B AR S HE R 0.2 M Ia]BR 43 5 454,
SR BEL P RAMLS MR (R
Bk, 2013) (F£2). HE3 (b) FIE3 (d) wJHl,
K3 (b) A&z HEN 15.50%, MK 3 (d)
R R R 29.75%, BN T 14.25%, {B)G
HHRrEEDE . B RG5> T 5.68%.
2.25% F12.79%. HIE 3 AT, A IREEAL



X 4 ek

HU8 J AR AR %0 RSELAY XS L 47 689

{23 () 43 A7 Mot # 5 A0D (3 (c)) BN
A A —B, R A R AR X T A A i
By N EE, mE3 (g). F3 (h), E3 ()
FE 3 (G) Al g, bt Rg ER LK AOD e ™,
B3 ) hdbmimd SR 2 TR 3 (g);
B3 () hASHEEZEMEZESHIHES3 (g) 1
T 1.76% f12.15%, HAESF RS, BRME%
KA ML T 1.71% ., 0.40% F11.80%; &3 (m)
t AOD ™ 5 X s 853 A 7E E I CE L, B3 (n)

AR A 2E LB L IE 3 (1) BT 3.35%, I
SR LI T 5.49%, K3 (o). K3 (e).
K3 (h), F3 (). E3 (m) FME3 (o) A%,
MRSEI 5 RSEI 4 24 5+ 5 AOD Y 25 6] 20 4 A 5%,
AOD 252 M3k T A= A B 25 0] 2 A, %o T AR A5
wHRETEAEM; HE3 (). K3 () FAE3 (o)
A, 7E 90X RSEL I MRSET 75 A= 25 i i (9 72 8
FARTEZE S, BT AOD X T A 28 R AR 25 [
axiAs A

(a) BIEFEM4(2014-05- (b) RSEI (2014-05-15) (¢) AOD (2014-05-15)

(d) MRSEI (e) MRSEI-RSEI

15, RGB:543) (2014-05-15) (2014-05-15)
(a) Image (RGB:543) (b) RSEI on (¢) AOD on (d) MRSEI on (e) MRSEI-RSEI on
on May 15, 2014 May 15, 2014 May 15, 2014 May 15, 2014 May 15, 2014

(1) 3RS A4(2017-05- (g) RSEI (2017-05-23) (h) AOD (2017-05-23)

(i) MRSE (j) MRSEI-RSEI

23, RGB:543) (2017-05-23) (2017-05-23)
(f) Image (RGB:543) (g) RSEI on (h) AOD on (i) MRSEI on (j) MRSEI-RSEI on
on May 23,2017 May 23,2017 May 23,2017 May 23,2017 May 23,2017

(k) #BG2 15 (2019~
05-13,RGB:543)

(1) RSEI (2019-05-13) (m) AOD (2019-05-13)

(o) MRSEI-RSEI
(2019-05-13)

(n) MRSEI
(2019-05-13)

(k) Tmage (RGB:543) (1) RSEI on (m) AOD on (n) MRSEI on (o) MRSEI-RSEI on
on May 13, 2019 May 13, 2019 May 13, 2019 May 13, 2019 May 13, 2019
w0 T N s - s
1.0 08 0.6 04 0.2 0 1.0 08 0.6 0.4 0.2 0
RSEIRIMRSEI AOD
. | | LK 0 50 100km
-020 -0.15 -0.10 005 0 0.05 0.10 0.15 020 :] L -le I E—|

MRSEI-RSEI

B3 dtatilii@ s 4 \RSEL.MRSEL AOD \MRSEI 5 RSEI 2 {H %5 [H] 43 #ii €] (AOD 2 JH—1k)
Fig. 3 Spatial distributions of remote sensing images, RSEI, MRSEI, AOD and difference between MRSEI and RSEI in Beijing
(AOD had normalized)
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4.2 AEAOD T AESRER =M
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Table 3 Root mean square errors of PM,,, PM, , LST,

NDVI, Wet, and NDBSI in May over Beijing

i i PM,, PM,, LST NDVI Wet NDBSI

2014-05-15 31.597 46.719 0.515 0.025 0.011 0.023

2017-05-23  32.696 66.802 3.367 0.023 0.008 0.114

2019-05-13  23.393 42387 235 0.053 0.078 0.047
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Fig. 4  Spatial distributions of MRSEI from NDVI, Wet, LST and NDBSI in 2019 combined with AOD in 2014, 2017 and 2019, respectively
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Fig. 5 Spatial distributions of remote sensing images, RSEI, MRSEI and EI in Beijing
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Fig. 6 Correlation coefficients between RSEI, MRSEI and EI

*4 T K RSEI.MRSEIEE ST
Table 4 The accuracy of RSEI and MRSEI in the main

urban area
N ; S SERO T35 LA AR X
R A pisatl B
TR MRiR% RZE1%
RSEI 0.091 0.096 77.14
2014-05-15
MRSEI 0.040 0.047 32.39
RSEI 0.128 0.142 36.13
2017-05-23
MRSEI 0.126 0.137 35.79

4.4 RSEI 5 NRSEI 3Lt 447

R PCA 72 4 6 48 A 1] 9 =l 4 M G 38 b B AR
WAL, Wik, %ZEFINDVI, LST, Wet F1NDBSI
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F£ LA 2019-05-13 ex1 MBI HEA TGN H 20 HT o
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-0.969), HARTRIREII R EIAH . £F2019-05-13
AL HTT NDVI, Wet, LST FINDBSI$5 by [a] (1) £&
PERSCHER R /N, Hrh NDVILE Wet #0C &
BOR /N K (0.236), NDVIS Wet (9 4H 56 28 £
/b7 0.195, NDVI LST # 2% & B0 /> T 0.074,
NDBSI #l Wet 1) A 3¢ £ £ /> 1 0.143, LST &
NDBSIAH ¢ REREAL A /N (0.001), XFFHAdba
Ti{ NDVI A NDBSLIk B58AH K, HARFEPRIEI N
S9AH5C, AOD 5 NDVI, LST Al NDBSI A 55 4H %,
5 Wet A M NE . 17 H._ 3R H8 A5 ] 4 A S i 52
55 X E b T ARG, HIt, PCA SRS AESHEE
FRCR A & TR, RS HTAL, T exl R1F 1Y
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KPCA f) PC1 ¥ F PCA B PC1 (7£ 6 355 [X 42
w1 11.949%—21.45%) . Pk, NRSEI & H1E &
I RSELZ, [t RSEIGE 5 412 WL 1% sz Wk i 2 2%
o RO
*5 1Ex3iEHR5 RSEI.NRSEI fJf8% 14

Table 5 Correlation matrix of RSEI, NRSEI and four indices

2019-05-13 ex1

EfLAY
NDVI LST Wet NDBSI  RSEI ~ NRSEI
NDVI 1 -0.681 0.728 -0.969  0.801 0.929
LST -0.681 1 -0.597 0.688 -0.557 -0.700
Wet 0.728  -0.597 1 -0.675  0.518 0.682
NDBSI  -0.969 0.688 -0.675 1 -0.690 -0.888

T sex1 il ex2 430 B I P AS 5255 IX (15248 90x1524%50) -

%6 PCAFIKPCAFE—FEmM (PC1)HESDE

Table 6 Percentage of the first principal component
(PC1) derived from PCA and KPCA

X exl ex2
T[] ZFR
PCA KPCA PCA KPCA
2014-05-15 PCl/% 75.50 91.89 75.68 92.04
2017-05-23  PCl/% 75.33 90.94 79.33 92.37
2019-05-13 PCl/% 69.31 90.76 85.20 97.14
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Fig. 7 Spatial distributions of remote sensing images, RSEl and NRSEI in Beijing
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Table 7 Percentage of each level from RSEI and NRSEI

in ex1
2019-05-13
A SRR S )
NRSEI/% RSEL/%

[0,02)2 7.44 23.10
[0.2,0.4) %% 13.40 26.46
[0.4,0.6) H%% 12.68 22.55
[0.6,0.8) K 13.50 17.37
[0.8,1]fk 52.98 10.51
&t 100 100
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Comparison between modified remote sensing ecological index and RSEI
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Abstract: Establishing a more accurate remote sensing ecological index is necessary to evaluate urban ecological quality and provide
timely warnings. Taking the Beijing city as the study area, this paper used five indices (vegetation index, humidity, Land Surface
Temperature (LST), Normalized Difference Build-up and bare Soil Index (NDBSI) and air quality) through the Principal Component
Analysis (PCA) method to construct a Modified Remote Sensing Ecological Index (MRSEI). The Eco-environment Index (EI) was derived
from the Pressure-State-Response model (PSR) combined with the entropy weight method to compare with MRSEI and RSEI. Moreover,
the nuclear principal component analysis (KPCA) was applied to establish the Nonlinear Remote Sensing Ecological Index (NRSEI), which
was integrated vegetation index, humidity, LST, and NDBSI. Finally, MRSEI and NRSEI were separately compared with the remote sensing
ecological index (RSEI). The results showed that MRSEI could reflect the spatial distribution of air quality, and the correlation coefficients
between MRSEI and EI were 0.829 in 2014 and 0.857 in 2017 (P<0.01), which were improved by 0.035 and 0.055 over that of RSEI,
respectively. Compared with EI, the average absolute error, root mean square error, and average relative error of MRSEI in the main districts
were all lower than that of RSEI. These results indicated that the MRSEI in evaluating urban ecological quality was better than RSEI and the
air quality indicator was feasible to monitor the ecological environment of Beijing. The contribution rate of the first principal component
from NRSEI was increased by 11.94%—21.45% than that of RSEI in the experiment areas. Compared with RSEI, the correlation
coefficients between each indicator and NRSEI increased by 0.128—0.198. NRSEI could demonstrate the transition of different ecological
levels. RSEI sometimes underestimated the areas with poor ecological environments, and it sometimes overestimated the areas with
excellent ecological environments. NRSEI was more consistent with the ecological conditions reflected by remotely sensed images. MRSEI
is more suitable than RSEI for monitoring the ecological quality of Beijing. NRSEI, taking into account the weak linear or nonlinear
correlations of various indicators, is better than RSEI in assessing the ecological environment quality.

Key words: remote sensing, modified remote sensing ecological index, nonlinear remote sensing ecological index, air quality index, kernel
principal component analysis, Pressure-State-Response model
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