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Ecological Environmental Quality Evaluation and Driving
Mechanism Using Modified RSEI Model

—A case study of Taojiang County, Hunan Province

Chen Chuang'?, Nie Pingjing' ., Huang Fengcun',
Fan Dong®, Xiang Li', Zeng Jian', Chen Fangwei', Hu Gengxin'
(1.Changsha Center of Natural Resources Com prehensive Survey, China Geological Survey, Changsha ,
Hunan 410600, China; 2.China University of Geosciences s Beijing 100083, China ; 3.School of Land and
Resources Engineering s Kunming University of Science and Technology s Kunming s Yunnan 650031, China)

Abstract: [ Objective] In order to better monitor and evaluate the ecological quality of hilly areas, it is
necessary to construct an accurate remote sensing ecological index of middle and high vegetation areas, and
explore the influencing factors of its ecological quality in order to provide scientific support for the balance
between development and ecology in Taojiang County. [ Method] In order to address the saturation issue of

the normalized difference vegetation index (NDVI) in densely vegetated areas, the kernel normalized
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difference vegetation index (kNDVI) was introeluced and integrated with humidity, dryness, and heat
factors to formulate a modified remote sensing ecology index (MRSEI). By utilizing this index, the ecological
environmental quality and its temporal variation in Taojiang County from 2000 to 2021 were quantified.
Additionally, a parameter-optimized geographic detector model was employed to analyze the driving forces of
six influencing factors, including vegetation coverage, precipitation, temperature, land use, altitude, and
population density. [ Results ] @ Compared with the RSEI model, the MRSEI model more effectively
addressed the issue of NDVI saturation in areas with high vegetation cover, enabling a more precise
monitoring of the ecological environment in Taojiang County. @ The average RSEI values for the five periods
from 2000 to 2021 in the study area were 0.77, 0.84, 0.83, 0.75, and 0.79, respectively, indicating a
satisfactory performance in ecological environmental quality with a trend of improvement-deterioration-
improvement. @ From the analysis of the factors influencing ecological environmental quality, land use
emerged as a key determining factor in the study area. In the interactive factor detection analysis, the
interaction between land use and elevation was the strongest. [ Conclusion | The improved RSEI model could
accurately evaluate the eco-environmental quality in high-vegetation areas. The eco-environmental quality of
Taojiang County was generally at a good level and showed an upward trend from 2000 to 2021. The change of
eco-environmental quality was mainly affected by both natural and human factors.

Keywords: kernel normalized diference vegetation index; ecological environmental quality; modified remote

sensing ecology index; google earth engine; geographical detector; driving mechanism
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Fig.1 Topographic map of the study area
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Table 1 Detailed description of data sources
Kot 2 By 44 7R 23 [8] 3 9 4 i [7] Y8 B U8
Landsat 5 TM 2000 44 H—10 H
Landsat 5 TM 2004 4F 4 A—10 H
AR B R Landsat 5 TM 30 m 2010 £ 4 H—10 H I [ 8 45 )
(https: // www.usgs.gov/)
Landsat 8 OLI 2014 44 H—10 H
Landsat 8§ OLI 2021 4F 4 A—10 H
4 7 B R 0.5 km 2000,2010,2021 4£  (https: // data.tpdc.ac.cn/)
R 7K H B 1 km 2000,2010,2021 4 (https: // data.tpdc.ac.cn/)
N IR 1 km 2000,2010,2021 4F NCAS(https: // crudata.uea.ac.uk/cru/d)
L RS PN ER Y€ 1 km 2000,2010,2021 4F (https: // hub.worldpop.org/)
= b ) B 30 m 2000,2010,2021 4 CLDC(https: // doi.org/10.5281/zenodo.5816591)
DEM 30 m 2000 4F NASA.NIMA (http: // srtm.csi.cgiar.org/srtmdata/)
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Fig.2 Flow chart of this study
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Table 2 Interaction relationship
KR ZHAEH
g(X,1NX)<Min[q(X,).q(X,)] 4 Mk 55
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Table 3 Principal component analysis results of each ind-ex from 2000 to 2021

Ay 5 h% PC1 PC2 PC3 PC4
kNDVI 0.110 0.246 —0.131 —0.954
WET 0.105 —0.667 —0.732 —0.083
) NDSI —0.904 —0.371 0.211 —0.020
000
LST —0.399 0.597 —0.634 0.287
FRAE 0.007 8 0.002 9 0.001 0 0.000 4
FRIE(E DTRR R/ %0 66.50 24.65 8.47 0.38
kNDVI 0.899 —0.401 —0.037 0.172
WET 0.005 0.362 —0.196 0.911
bo0t NDSI —0.153 —0.433 0.089 0.019
LST —0.410 —0.721 —0.415 0.373
FRAE A 0.005 9 0.001 7 0.003 3 0.000 1
FREME BT R/ Y% 73.91 21.60 1.16 0.33
kNDVI 0.066 0.609 0.706 0.355
WET 0.035 —0.110 0.522 —0.845
vol NDSI —0.971 —0.221 0.081 0.039
010 LST —0.227 0.754 —0.471 —0.398
FRAF(E 0.003 5 0.001 3 0.000 4 0.000 1
FEEE DT 6 71.46 27.41 0.86 0.27
kNDVI 0.915 —0.369 —0.085 0.140
WET 0.007 0.350 —0.045 0.936
JoLe NDSI —0.075 —0.335 0.924 0.170
LST —0.397 —0.793 —0.371 0.276
FRAFE 0.010 4 0.001 8 0.000 7 0.000 1
FRIE(E STk % 80.66 13.66 5.43 0.24
kNDVI 0.486 —0.411 —0.747 0.191
WET 0.075 0.008 —0.297 0.952
NDSI —0.531 —0.839 0.116 0.001
2021 LST —0.689 —0.356 —0.584 0.240
FRAE 0.005 9 0.001 8 0.000 8 0.000 1
FRAEME TTRER/ 69.36 21.59 8.84 0.21
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Fig.3 Comparison between the modified RSEI model and RSEI results
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4 B EEWHBEZT RSEI 5 MRSEI B91E X R

Fig.4 Correlation coefficients between MRSEI and improved RSEI under high, medium, and low vegetation cover

33 HIBESHERENETEK
KA 2 T ¥k LL 0.2 A ABE . K MRSEIL
WK o R 2 s h A VR I 5 AR, BRI E A
A S O T R LG9 L 3 4 MR A A A g T R AR
kB BRI E 2000—2010 4F , A= SR 55 “ 40 BL 7 1 AR
LA T 20.58 %, “H AR A T 43.85 00, “AE 22

e 227 0 T AR L 1 B AT 9 /0 5 2010-—2021 4R, AE R
BRI R B A TR s T 13.8 %6, H A T AR
BN 13.38 %0 Az A RBE < 227 RN 227 1Y TR L B3] s
AW 520002021 4F ARSI EE 07 B R I
TR 49.46 %088 N3 81.62 % , AR A4 I Jy“ vpr 45
TR 30,47 Vo358 27 R 227 1) T FR W A3 k2

R4 HGIE 2000—2021 FAEBHE NS RHER R LG

Table 4 Area and proportion of each ecological environment quality level in Taojiang County from 2000 to 2021

RSEI 4% 2000 4F 2004 4F 2010 4 2014 4 2021 4F
mA/km® HAK/%  ER/km® HAL/Y BWR/km® B/ Y% WR/km® FHAL/ Y% WR/km® FHA/ Y%
%£0~0.2) 2.42 0.13 0.35 0.02 0.27 0.01 19.55 1.02 0.02 0.00
B 2(0.2~0.4) 44.9 2.34 8.46 0.44 8.39 0.44 188.06 9.80 16.9 0.88
F4(0.4~0.6) 921,05 47.97 137.72 7.14 79.15 .12 905.11 47.14 335.97 17.50
H(0.6~0.8) 892.01 46.46  1550.09 80.32  1729.93 90.10 771.83 40.20 1513.13 78.81
:€0.8~1.0) 59.54 3.10 233.31 12.09 102.19 5.32 35.37 1.84 53.91 2.81

XF Bk VT B L MREST #4 {8 ok 47 25 18] 48 3 (&
5) KKK 0.77,0.84,0.83,0.75 F1 0.79, BEITH 21 a
ERASHE R E 2 LA TR LT H.
] RO ok A RS E #2000 4E & 2010
EARB TR ALK H 2010 4E 2 2014 4F 4 S
Jo b L H R B NS T R 1 (B 6) BV B
AR EER L — B S T A 255k F
AEZS YR AP RN R A DX R S A A T P S U A
R I R R L X B X i ) P b i R AR A
hEERAEE R AR R RGN 2R
IR 2RI XS AR A AR AERRAE VL ERK L R L S
T A A TLE RN R LA B Al R T DA b |
JH M R b Ry T A S A B o A G AR

B 5E X MRSET #a #2653 5 A 55 9 (1K
7 BB R | S O AN R L fEE  AE DL J B
Ak, 2000—2010 T H MRSEIL #4 #4514k D) i
55 A0 R AR O 3 (R 5), Horb, B st T AL R
969.32 km” , (' iZ M X BN TH ALY 50.49 %6, AR [ X 35

[ AR 914.98 km” , (5 SVHETFR Y 47.66 0 - 1w 55 8 Ak 1
Ry 34.85 km”, iz b X S TH AR BY 1.82% . 1#55
o0 AR o 7E B T B P b LA K P R AR X
2000—2005 AEME VL B S0 1 B B AR R B AR AE 2R
AMESE AR TR 3% TR B I TR B T AR MR
P TR A AR R A

5 #HEiIE 2000—2021 £ MRSEI &% R E AR LL 51
Fig.5 Proportion of MRSEI grades in Taojiang
County from 2000 to 2021
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B35 2 Ak DX 32 0 A A Ak VT B v R AR e S L
(] 32 b, DX AR SR M5 R ™ 0 2y %o Bk VB A 25 BR 455 o o
AR AL R, 20102021 4E#k T B MRSEI #
AR DL S A RN AR Sy 3 B R AR B TE B
1 474,05 km?, 7 B ALY 76.78 %6 5 il 55 AL i AL Y
M 375.52 km?, 5% X R ARG 19.56 %6 5 S5 o
T AR 69.08 km” s (5 1% b X R TR 3.6 %6, 155 %
o IX E B AEAR AL T A— I LU s 1 — L Bl 35 28 0
R0 2 FE RN T %) 88 i A v o 8 35 D e 114 75 oR S I

B8 AT 3 SO B X AR S A i N R Sk
S DX A FE AR VT B g 3 D B v A5 Xk, AR 4 Bk VT B
ARSI 2011 ARG X PR BT 1L AR 4k 5%
MR shE L BB E IR, 2014 4 IR BEIT Bk b
SLOF R TR A B T A AR R A e TR, X
SEEE N TR A AR SR R R AR B . AR
N 2010 1Y 57.47 o4 & 2021 4R 64.15% . H
L AT AL 3 A o B T L A S B R A — R Y 7
SEME H S TR A A S AT B A DL

B 6 2010—2021 £ kT E MRSEI £ 4% 5 %
Fig.6 Spatial distribution of MRSEI levels in Taojiang County from 2000 to 2021

E7 SHRIEESHERELNENE

Fig.7 Monitoring chart of ecological environment quality change in Taojiang County
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AL AR B R R A 5 R Ak
S50 Hb BRI 2R A (R 42, 8¢ Excel B89 L3 2
RE F h it R B Ok o 28 vk R R B 1Y B LAY

B, HRAE E DY GBI 5T 0 B A BT B R
S B A TR N S A 8RR 3R 0 A AR PR 5 o a5
Wl £ L 358 B4 (DEMD | = b 1 28 8 (LUCO) A
P 5 B (FVO) PR K & (pre) AR (tmp) |
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Wi, PABEITE 2000,2010,2021 4 MRSET # #1154
GEARAE N AR Yl B EEAS R SR T
& PN RE O 1 . G v R T B g v ) 1) g B A F Y
X 1 km X1 km #% /I 48 B2 6] B xR A9 Y F X &
PEELAE R B0 U5 SR FH R 740 L 28 A R I %
SIHTARIT B A S B i i £ S - LT
[E] 38 HAEH .

SR FH B TR - 450 00 25 4 5% 4% TR 0 2B S PR B T
25 oy SRR R iR Ty . SR 6 AT LLE B BT A 4R I

W - Hu A X RSET 19 25 (8] 73 53 4 Ak B AT e 5 fiff
35 0 B 7% 5 () 0 S A i At R g 38 L GX 3R
EWT R AR — £ R R LA
RO 3R N 1T R R i B T K R
M09 g EIB/NT 0.1, M8 B T I 55 , XF A= 28 PR B8 T
pE IR R A TR N

5 HOLE 2000—2021 F & SRES BERE L KD

Table 5 Monitoring of changes in ecological environment classification
area in Taojiang County from 2000 to 2021

K F o (EHB R 0,33 1k B JIr 258 #8000 R %o A 28 I 455 Joi RSET 75 fk, 2000—2010 2010—2021
= PRNS 4 B = VI N / i ,L{ "4 9 i ,L{ 2 H4 9
028 5 S AR L R TT L SU WO i‘;m Hffﬁm fﬁ]*o g‘;m HJ;‘Z'ZZ%
. H/\ = M = [34] . ., AP s . . . .
MR XL oy SR SEAT S BT HL g (RBER PR MEBEAL 3485 1.82 375.52 19.56
F 25 R T 6 F 5T X A A PR 8 R oS 8] o S Y T As 914.98 47.66 1 474.05 76.78
TRk K, ZEE 2000,2010,2021 4E g 1B M E FK A E  969.32 50.49 69.08 3.60
N 3 :
KKK LUCC™DEM ™ Pop™>FVC™>Pre ™ temp. i, %% O Q03 0.95 0.05
xk6 BETHEMUMER
Table 6 Results of single-factor detection
. 2000 4F 2010 4¢ 2021 4F
B R 7
q & p 1B q HEF q & p 1B q HEF q & p 1 q HEP
DEM 0.269 0.00 1 0.255 0.00 2 0.204 0.00 2
LUCC 0.224 0.00 2 0.435 0.00 1 0.440 0.00 1
FVC 0.070 0.00 4 0.169 0.00 4 0.076 0.00 4
Pre 0.043 0.00 6 0.032 0.00 5 0.023 0.00 5
tmp 0.043 0.00 5 0.026 0.00 6 0.016 0.00 6
Pop 0.100 0.00 3 0.181 0.00 3 0.094 0.00 3

E : DEM i di 4 4, LUCC O R 8 AR FVC NABSEBE B2 JE R A%, pre P K AR AR L tmp P30 ABFR . Pop M A 1% 845

3.4.2 REIRM A A A EARM G A58 4 AR D B
TR HAE S MRSEI %5 0] 43 AR AE R C R . 25

FHBEFEIX 2000,2010 F1 2021 4F DX 138 T35 10 45 S
47 S KPR - 44 5 R S 2 398 0k 7 2%, 6 W 58 R
PR FHRCRZE 5 F A T AR T RCR . MIEL 8 FT L
B0 ERT R H AR ARGy 4 Hb R R R 2 28 BAE B
SHZ A B A b ) A9 S 3 A Ak 38 m TR R VE N A
AN A S EE R . R RS bR a2

VERIL = A T 8 B8 g i, o bak o el LUk B,
SR APNIBE: 35 N/ SR RN NS 8 AR (RIS R)
e T A S5 TR 1 ) S8 E A i R D i, B R T
DR B A R D 52 AR 2 BB [ AR A AR ek
PRI, PRI 25 5 i PR X A 28 A 05 i o 7 2
[ 73 A L B85 W 5 AN 2 B A AR 2 P A TR 3R B9 1
BAREI B A — A A g A L s A AR
X W] A S BRI o i 32 B 2 X P ) A B

B8 AFZXERMER

Fig.8 Results of iactor interaction detection
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