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Abstract: Ecological redline zone, as an important ecological function area, plays a fundamental role in guaranteeing the
national ecological security. How to accurately and effectively assess the ecological quality evolution of ecological redline

&

zone and the implementation effects is of great significance to further improvement of the “red line” policy and regional
sustainable development. Based on the Google Earth Engine platform, Landsat 5 and 8 long-time sequence remote sensing
images were used to establish a Remote Sensing Ecological Index ( RSEI) for Jiangsu Province from 1985 to 2021, with
which the quality change from 1985 in the ecological redline zone was analyzed and the role of ecological redline policy

implemented since 2013 was assessed. The resulis showed that; (1) the average contribution rate of the RSEI model PC1

established for Jiangsu Province is higher than 70% , which applies to the analysis of the evolution of ecological quality in
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Jiangsu Province and the ecological redline zone. From 1985 to 2021, 58.2% of the total area of Jiangsu was improved in
terms of RSEI, and the average RSEI value of the ecological redline zones varied between 0.52 and 0.63, showing an overall
fluctuating upward trend. (2) The year of the sudden change in the mean value of RSEI in the ecological redline zones as a
whole was 2003, and the sudden change in the mean value of RSEI in ecological redline zones in each city was mostly
concentrated between 1995 and 2005, with some cities in southern Jiangsu and central Jiangsu showing a sudden change
from good to poor in the 1990s, and cities in northern Jiangsu showing a sudden change from poor to good in the 2000s. (3)
The ecological redline presented a shielding effect in blocking the encroachment of impervious surfaces and bare soil, such
as building land, into the protected area, with a significantly higher trend of RSEI growth within the ecological redline zone
than outside. Among the 13 cities, Nantong, Suzhou, Wuxi, Changzhou, and Zhenjiang were the cities with significant
improvement, Nanjing, Xuzhou, and Taizhou were the cities with accelerated improvement, Lianyungang and Huai’an were
the cities with slow improvement, Suqian, Yangzhou and Yancheng were the cities with insignificant improvement of RSEI,
the “red line” policy has no obvious effect on improving the ecological quality of the ecological redline zones in these three
cities. This method can be used for the operational monitoring and assessment of the implementation effects of ecological

redline policy.
Key Words: eco-redline; remote sensing ecological index; Google Earth Engine; mutation test; controlling effect
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Table 1 Calculation methods of indicators

thr st

Indicators Calculation formulas

2B NDVI NDVI=(pyig= Prea)/ (PNir + Prea)

. WETy = 0.0315p4,.+0.2021p,.., +0.3102p3,4+ 0.1594p g = 0.6806pgy k1 — 0.61090¢y,
SEHE Wet ™ BI Gre Red NIR SWIR 1 SWIR2

WETq;= 0.1511pg,.+ 0.1972p¢,.., 70.3283pp,.4+ 0.3407py = 0.7117pgwir 1 = 0.455905w1r2
LST=T,/[ 1+(\Ty)/p)Ine] -273.15
HE LST Ty=K,/In(K,/L,+ 1)
L, =gainXDN+bias
NDBSI=(SI + IBI)/2
SL=[ (pswirt + Prea) ~(Pie +onir) 171 (Pswirt * Prea) + (Pptue* Prir) ]
& NDBSI IBI, =2pswia/ (Pswiri + Pxir) ~[ (PxiR/ (Prea PNIR) 4P Green”PsWiRI ¥ Preen) ]

IBL, =2p5wira/ (Pswiri + Pxin) [ (PxiR/ (Preat PNIR) 4P Green”Pswirt ¥ Poreen) ]
IBI=1BI, /1BI,

N=(I= 1)/ (L= L)
1B B SRS RSET RSEI, = 1-PC1[f (NDVI, Wet, LST, NDBSI) ]
RSEI=(RSEl, - RSEI, )/ (RSEI, ..~ RSEI,,;,)

;45X R I B B M S S A NDVI, I — R B35 %0 Normalized difference vegetation index; LST: #6353 Land surface temperature; \ : 44T
AP BEP K Landsat 5.8 BUE4 5124 11.5 pm F110.9 pm ®) ; p = 0.014387 m - k; £ LZHTZ MRHEIT4E00 NDVI B (E AL RIS E 400, T, . s i
BRI REIRE s K, K, SRR SHL Ly, AL AN I B S a8 B2 E (R A calibratedRadiance PR Landsat 5.8 %)% ) B6 B10 % B4 T
IRBEAETHEAS 5] Ly ) 5 DN 5848 T K BE{H Digital number; gain: 3 25 R 44 ; bias . fi & R %L; NDBSL: H— b HURE + 840 Normalized difference
built-up and soil index; SI: ¥+ 45% Soil index; IBI; HIAHERL Index-based built-up index; N: PIAMEARIGIE [ 10— BRIT 1. KAGHRM; 1,
I s APREIZIEAR R iR e/ ME; PCL 55— £ LY Principal component 1; f ; iF [ I3 —{kLAbBE R % ; RSEL,,,, \RSEI,,;, : A AR4EAY Y RSEI £
K JR/MH ; RSEL: 12 /&4 254540 Remote sensing ecological index
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AR SCE XTS5 4230 RSET AERILS B0 — LA (PC1) 4558, I3 2 B, MR RSEI #Y 4 AMghsihig
FE (NDVI) RREEE (WET) [RRAE [ 5 16 (1, 13X RSEI A2 1E R0 , M #48 (LST) 1T B (NDBSI) 4
fiE T f, BT 2 SO, DU S HRIG PCT b STHRZFA o 71.70% , 460 T B4 F8 AR 15 8, ]
PC1 1 RSEI J&4 H

ARSCHERET 3 ANLLLRIXPEAT RSEL BRI AT SEVERGE (8 3) , ATRAFR Y 2R IX M 1 km 2R X P9 Y S
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Table 2 Eigenvector and contribution ratio on PC1

i 23] 4 il 3 U T FURA/ % i B id)es I TE FTWRA/ %
Year NDVI WET LST NDBSI  Contribution Year NDVI WET LST NDBSI Contribution
1985 0.52 0.44 -0.35 -0.64 58.09 2003 0.49 0.43 -0.49 -0.58 70.49
1986 0.50 0.42 ~0.45 -0.62 64.16 2004 0.49 0.43 ~0.48 -0.58 70.36
1987 0.50 0.39 -0.49 -0.60 65.26 2005 0.49 0.47 -0.46 -0.57 72.47
1988 0.47 0.41 -0.51 -0.59 66.52 2006 0.50 0.49 -0.43 -0.57 72.42
1989 0.49 0.43 -0.46 -0.60 66.17 2007 0.51 0.43 -0.47 -0.58 72.38
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A 31 TR g TE TR/ % Ay 231 W 3 T DT/ %
Year NDVI WET LST NDBSI Contribution Year NDVI WET LST NDBSI Contribution
1990 0.50 0.41 -0.48 -0.59 68.27 2008 0.51 0.43 -0.46 -0.58 70.17
1991 0.49 0.42 -0.47 -0.60 69.44 2009 0.50 0.43 -0.47 -0.59 72.26
1992 0.45 0.37 -0.45 -0.61 64.12 2010 0.49 0.44 -0.44 -0.60 73.67
1993 0.48 0.42 -0.48 -0.60 67.14 2011 0.51 0.45 -0.43 -0.58 71.28
1994 0.46 0.45 -0.49 -0.59 65.85 2013 0.55 0.46 -0.37 -0.59 78.91
1995 0.47 0.41 -0.46 -0.60 67.53 2014 0.55 0.46 -0.39 -0.58 83.46
1996 0.48 0.45 -0.45 -0.60 66.09 2015 0.51 0.42 -0.40 -0.63 85.87
1997 0.48 0.41 -0.44 -0.59 64.23 2016 0.54 0.45 -0.44 -0.56 84.96
1998 0.49 0.46 -0.42 -0.60 64.12 2017 0.55 0.43 -0.44 -0.56 84.00
1999 0.49 0.46 -0.42 -0.60 66.32 2018 0.56 0.45 -0.41 -0.57 83.12
2000 0.45 0.52 -0.39 -0.61 66.78 2019 0.55 0.43 -0.42 -0.58 83.33
2001 0.50 0.44 -0.47 -0.56 70.53 2020 0.55 0.44 -0.43 -0.57 82.83
2002 0.48 0.46 -0.45 -0.60 65.99 2021 0.57 0.43 -0.38 -0.60 82.50

PCL. 55— F /i Principal component 1;NDVI: IH—{LAE B 48 %1 Normalized difference vegetation index ; WET : {2/ Wetness; LST: #13R1J¥ Land surface temperature ;
NDBSI; J7— b 25 48 + 550 Normalized difference built-up and soil index
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Fig.2 Technical route for assessing the controlling effect of “Red Line”
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Fig.3 Images of ecological redline zones ( RGB) and the corresponding RSEI images ( red line: ecological redline zone, green line: 1 km
Buffer)
RGB: £1%¢# 35 B Red Green Blue bands; RSEI: 1% B4 535 %L Remote Sensing Ecological Index
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Fig.4 Mean, trend and significant distribution of global RSEI in Jiangsu from 1985 to 2021
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DAIVT ARG A SR LL R BRI Y 2013 4F R 5L, 2547 1985—2011 4 2013—2021 4ERF BE A RSET 14 7115
FEBIHT, Gt — M T 24 X1 RSET R (KO Ry 1) 2 8 M T AR 5 Ee (B 7) o K RSEL 28R 3R 53K
B BT (Slope ogs 2011 <0, Slopeayis a0 >0) R FE T (Slope,gs a0 >Slope ogs 201, >0) G2 L T (Slope ggs 01,
>Slope a0 >0) BRI (Slope ggs_201,>0, Slopesgs oy <0) 4 A5 5L FBT . TN TC8) H M BT
e T ST, R AR AR R s BT 3 2 v RN A TR R T, A AT A MR T A
BT A RS BB E T B T A48T, ANAE 2013—2021 4F 8], J5 N 45 b 2T 28 X A 3 5 T TR AR L
1985—2011 4[] i B 14 K T A 30 5 i A — 7 1) R IR
3.5 DAY AL X B PS RSET HEK
3.5.1 RSEI ¥{H

ASCHE T 33 NI IX KR 540 1 km ZZ2 0 IX ) RSET S48, W22 S50 K Bt 1] i A8 Ak, P04 7 e
XPREAS T AGH  H26 3 A AL X NS AN ECAEAR 22 5 B2 (111>1.96, P<0.05) , HZTZ X M1 RSEL
PHE S TAM 1 km GE0pIX, R L0 90 BAN FLSEAEAE . SR NI (] B BER R, 1985—2011 4FBir Bt
“LTLR” WM RSEL MMEHLA & W5 22 5%, T BUAT < 20487 U o A 7 448 3 FBUAUA St , A R L 32 i i < 41
R R, T B AR R — 2 T

3 3BANOLRXBIHR RSEI HEMIHEA T HRIGER

Table 3 T-test results of paired samples for RSEI mean value in 33 ecological redline zone patches

RSEI ¥{H
it i) B X REAS %k RSEI mean value
Time Number of sample pairs L4 IX Ah 1 km ZEaPIX ! P
Eco-redline zone 1 km buffer outside
1985—2021 4F- 33 0.60971 0.54290 3.003 0.005
1985—2011 4% 33 0.59913 0.53549 2.779 0.009
2013—2021 4F 33 0.64703 0.57134 3.517 0.001

RSEI: ## &% 4= 2545 %0 Remote sensing ecological index
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Fig.5 Variation of RSEI mean value in the ecological redline zones of 13 cities

RSEI; 1% J84: 5385 Remote Sensing Ecological Index
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3.5.2 RSEI LK L4

AU [T Ak R B S FEAS T K I6: 25 3 (36 4) AT LA Y, 2013—2021 4F£1 28 [X ) RSEI Slope {3 & T 4h
1 kmZEMIX (161>1.96, P<0.05), 1 #& > 1985—2021 4E [ BE Al 1985—2011 4EMrBe X% A W& 2% % (P>
0.05) , FeIH“ L1287 AE XA 26 X N RSEI ¥ K AGF A %50t 200 B .,
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I l RSEI [f] )4 K RSEIEALE 3%
1 FE BEIER b
I l 552:'{%‘ . 19852021
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7 0.65 2 61 15% = R
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Fig.7 RSEI mean value and change rate and the percentage of significantly changed area in the ecological redline zones of 13 cities

F4 BANLLXBIHR RSEI T EBFAHAE T RIER
Table 4 T-test results of paired samples for RSEI change trend in 33 ecological redline zone patches
RSEI Slope Y
it ] B X REASEL RSEI Slope mean value

Time Number of sample pairs X BM T am ZEARIX t P
Eco-redline zone 1 km buffer outside

1985—2021 4 33 0.00210 0.00115 1.639 0.111

1985—2011 4 33 0.00094 -0.00018 1.401 0.171

2013—2021 4F 33 0.00549 0.00437 2.250 0.031

£S5 3BANLLEXPIBR NDVI 71 NDBSI T EHEITHE T RIGER
Table 5 T-test results of paired samples for NDVI and NDBSI change trends in 33 ecological redline zone patches
NDVI Slope ¥J{H
Fisf ] B XTREAS %R NDVI Slope mean value

Time Number of sample pairs LTLRIX Ah 1 km GEhIX ! P
Eco-redline zone 1 km buffer outside

1985—2021 4F 33 0.00248 0.00140 2.666 0.012

1985—2011 4¢ 33 -0.00015 -0.00133 1.965 0.058

2013—2021 4 33 0.00337 0.00292 0.701 0.488

NDBSI Slope {8

it ) He X REAS %k NDBSI Slope mean value

Time Number of sample pairs LI IX Ah 1 km WX ! P
Eco-redline zone 1 km buffer outside

1985—2021 4E 33 -0.00034 0.00059 -1.603 0.119

1985—2011 4¢ 33 0.00009 0.00085 -1.001 0.324

2013—2021 4 33 -0.00364 -0.00251 -2.216 0.034

NDVI . H— L AEHEFEEL Normalized difference vegetation index; NDBSI; IH—fL #H 54 4 F5 %44 Normalized difference built-up and soil index

3.5.3 NDVI 5 NDBSI LR H 4

X NDVI 5 NDBSI ZEAE A F A BCX FEAS T K230 4528 (2 5) 2B : NDVI Slope fE%> 1985—2021 £ B,
XN E R TAN km X (101>1.96, P<0.05) , FHLLE X PIAEB K E T A 1 km 01X ;1985—
2011 4EF1 2013—2021 4E M BEWA B #E 25 (P>0.05) , I H 2013 4EJ5 i REA 22 R =28 /N (1ol = 0.701
<1.965) , R L1487 ()5 45 BN KT P A NDVI AR Ak 4 S5 0 5 M BRI, XA i 2 S5 S AE A &
NDBSI Slope 7EFE> 1985—2021 4FH1 1985—2011 4EPr B A .3 22 57 (P>0.05) ;1 2013—2021 4F [, £
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