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TR 5 AR A TR R A TR B LA TEM . 2000—2020 41 ()i R 5 2 IR BE SR BN - LTI AR R R R AR Ak
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Dynamic monitoring of ecological environment quality of Hainan Island based on improved remote sensing
ecological index

FU Jie', WANG Ping"", ZHANG Qing’, LI Xingrong', TIAN Yanqin®

(1.School of Geomatics and Spatial Information, Shandong University of Science and Technology, Qingdao 266590, China; 2. Aerospace
Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China; 3.School of Surveying and Mapping and Marine
Information, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: In order to quantitatively analyze the quality of Hainan Island’ s ecological environment, besides the remote sensing ecological
index (RSEID) that coupled with four indicators of greenness, humidity, dryness, and heat, we should consider the impact of land use
intensity, population concentration and slope on the island’ s ecosystem. Therefore, three other indicators of land use, population
distribution, and topography were added, and the improved remote sensing ecological index (IRSEI) was constructed using principal
component analysis. This study used RSEI and IRSEI to dynamically monitor the ecological environment quality of Hainan Island from
2000 to 2020 and analyzed the rationality of IRSEI and the similarity between RSEI/IRSEI and the ecological index (EI). The results
showed that compared with RSEI, IRSEI was closer to the EI index and had good rationality. It can highlight the impact of land use,
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population distribution and topography on the quality of the ecological environment. Therefore, it can accurately and objectively evaluate

the quality of Hainan Island’s ecological environment. From 2000 to 2020, the quality of Hainan Island’s ecological environment showed a
trend of “decrease—rise—decline”. The average value of IRSEI rose from 0.721 to 0.766, which shows that the quality of the ecological
environment of Hainan Island has been improved. The proportion of land with excellent and good ecological environment quality levels in
each year was more than 89%, and the proportion of land with worse and worst ecological environmental quality levels was so small that the
sum of the two accounts for the proportion of each year were below 1.48%. The quality of the ecological environment in the central and
southern parts of Hainan Island was higher than that of the eastern, northern and around island areas. The quality of the ecological
environment was good in generally. The area covered by the improved ecological environment quality was 12 278.00 km’ that accounting for
47.5%, and the area covered by the reduced ecological environment quality was 3 124.07 km’ that accounting for 12.1%. The improved
area was mainly distributed in the northern and eastern parts of Hainan Island, and the degraded region was mainly distributed in densely
populated coastal cities around the island. The results can provide references for the future plan to improve eclogical environment in
Hainan Island.

Keywords: Hainan Island; improved remote sensing ecological index (IRSEI); principal component analysis; ecological environment

quality; temporal and spatial changes
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Figure 1 Overview of the study area
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Table 2 Comparison of Hainan Island s EI, RSEI and IRSEI

AEA5Y Year RSEI IRSEI El
2010 67.15 72.26 73.62
2015 70.30 77.84 78.49

®1 ARERTMETERHNERDFINER

Table 1 Principal component analysis results of 7 ecological indicators in different years

JEAN e A He o o TR
Yon oot meaos VI IS NBSL st v s R e
2000 PC1 0.575 0.447 -0.192 -0.502 -0.232 -0.280 0.223 0.048 52.6
pC2 0.456 0.086 -0.076 0.841 -0.173 -0.194 0.055 0.022 24.4
2005 PC1 0.598 0.465 -0.144 -0.486 -0.232 -0.262 0.218 0.052 55.2
pCc2 0.445 0.065 -0.054 0.844 -0.209 -0.192 0.035 0.021 22.5
2010 PC1 0.484 0.314 -0.136 -0.455 -0.286 -0.554 0.230 0.052 49.7
pCc2 0.519 0.095 -0.156 0.791 -0.171 -0.226 0.048 0.025 23.9
2015 PC1 0.533 0.484 -0.169 -0.335 -0.364 -0.407 0.205 0.051 46.9
pPC2 0.483 0.074 -0.122 0.788 -0.233 -0.247 0.070 0.027 24.7
2020 PC1 0.480 0.431 -0.160 -0.491 -0.357 -0.385 0.203 0.060 52.4
pPC2 0.445 0.087 -0.044 0.836 -0.285 -0.387 0.011 0.026 23.1
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Figure 3 Distribution of spatial differences between IRSEI and
RSEI of Hainan Island in 2005
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Table 3 Average correlation between IRSEI and various ecological indicators in different years

Y Year NDVI LSM NDBSI LST LUI POP Slope IRSEI
2000 0.68 0.56 0.65 0.62 0.57 0.56 0.42 0.7
2005 0.67 0.58 0.66 0.62 0.59 0.58 0.42 0.71
2010 0.65 0.56 0.61 0.55 0.60 0.60 0.40 0.67
2015 0.65 0.60 0.64 0.53 0.61 0.55 0.41 0.68
2020 0.65 0.60 0.64 0.58 0.63 0.57 0.42 0.69
Il Mean 0.66 0.58 0.64 0.58 0.60 0.57 0.41 0.69
— 1106 — http://www.aed.org.cn
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2015 4, 1 B 5 AR AS PR ER T L GO0 R AR AR A SRR AT,

e 8 T RO R T, TR 24 50% , S5 4% oh KL T AR MZS 8] EA (E4) iR 5 A R X AR R 2R
R B3, BRI 2 509 , HA 5595 1) 1= b TR AR AR A et = T 430 AL LA SRR S e IX ., R b X A
A D0V R 5 AR AR 8 B0 L B, R SR R BB SR F BN, D F PR R X
A ASEREE R R A EIEE T, . 20154E 5 20204 14 BEHBIX A L A DLARAR R (Rl M R L R
BIELRTEPON AAL, SF PO LR Tt Sl X RIREE SR AR G 5 7R R B ARV AL BB i X A 25 3R
or LB 324 5 68% R N AEG R R LM, o BERTR AR G R S, X S X R DA
¥I24915 25% , 55 TR Y 12 L 5% , SRR FH ] b | B ok = A S R O R AT 5 7V R S B
LR A 1.3%, 2015—20204F , 2548 WAL S XA IR T SRR R RO R 5 A —

R4 AREMBERELERIRSEIMERS LA

Table 4 Areas and proportions of various grades of IRSEI in Hainan Island in different years

2000 2005 2010 2015 2020
IRSEI %4
IRSEI level [l Al TR 1 41 T el TR L 41 1G5 ER 1]
Area/km®  Proportion/%  Area/km®  Proportion/% Area/km>  Proportion/%  Area/km®  Proportion/%  Area/km’  Proportion/%
= 30.67 0.11 33.68 0.12 48.42 0.18 76.43 0.28 84.35 0.31
B 230.47 0.85 270.26 1.00 230.99 0.86 322.55 1.20 230.65 0.86
H 2 154.00 7.95 2 457.44 9.06 2 001.60 7.42 1575.84 5.85 1320.74 491
£ 11 688.02 43.14 11777.74 43.44 12 041.12 44.61 5995.84 22.28 7793.24 28.98
n 12 990.53 47.95 12 577.22 46.38 12 667.03 46.93 18 946.69 70.39 17 464.10 64.94

2000

2005 " 2010

180 km

- I :2% Worst
l:] Il . %522 Worse
I w4 middle
- IV: K Good
- V Al Excellent

El4 20002020 £ BAESHERESR

Figure 4 Hainan Island’s ecological environment quality classification from 2000 to 2020
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INEB RGEREE ;2010—2015 4E 0], HE 5 5 2k 3
B e LVAE IR 3 3K 5] 56.9% , e 1 AR b R i AR
U1 HE A5 43 30 Ky 28.29% F11 28.7% , AT 33.8% (1) TH FR
FEARANAE | 5% B AR 22 A AR 22 Y LA 4.0%
5.3% , 7% U TR IS R A8 22 14 TR, U BH T g 5 A
A PR o 7E I B ()45 21 48 2 R T 2015—2020 4F
6], 45 55.5% F T R AR AR | 5 o A i 1B (8 AR 4y
() EAG A 8.4% F117.9% , e i A% 22 11 B g A% 25 11 B 49
H 16.8% F1 11.4% , 78 22 1 Lo 451 i T A8 41y L 3], {H 22
FE /0N, 15 BH g T 0 A 25 R BT T A ML I s R
W SR, 78 2000—2020 4F ] , 1 g 5 A 25 PR
J R AR IR 3 TR LR 47.5% , % AR 1 T
B ARHTHY H AT g 25.3% F1 22.2% , KA ASAS Y Ho 4]
40.4% , 5% 55 A% 25 T I 728 22 1 LU AG1 A 5.49% F16.7%,
UL BHIRE RS 5 20 4530 i A S R0 I e A9 31 5 4R T

Mz E] R (F5),2000—2005 4F , K45 X
AR T R R A AR A Vg R B A S EAEE i Ak
TR A AE ARG L X DL IR S 3k T A, AR 25 XA
H AR AESCE T B B T T AR S R X
BB A SIEE  A FEA AR TE N 5 1)
J6EB VR L IX, ARG XA P A e P B b A
PR E AE R b X AT — SR AE 53 A . 2005—2010
AETA], R 0 b X AR A I I o R & AR AR 5 W e
A I AL R A AR L X L S P R ER
Wy AR 22 XA A A e T L =T AR
A S IRER LI R A e S AR G L
Mo X, ARG KIR AR A SCE T IR BB B
201020154, KB 4rb X A A P85 i A5 24T, 32
BLAMATAEARTR ACFRH DX 6 B 5 A S A o i AN AR 1Y
DX 3 AR P IX 5 2 AR AR 22 Y X I
Sy AGAE ARG 7 R I AF A T M X . 2015—
2020 4, R 1 X A AR FREE e A & AR AR AL T RS
A SIS TR 2 R AR A X DL AR R IR
ity , AR 2 X BAR oA e 1T Bl L A S
JoT e b A SRR AR AR B 0 R AGES  PU R b, A
UK TP A A SCETH SR AR . BURRE ,2000—
2020 4F[A] A 3 b IX AR S R BE S e A A e, RS ER
B ANR 1 KB F A A e R Ll X, A S R G4
RFRGE AR AT o AR 1 DX T2 A A AR LA
FH AR b A = BB 5 U T, 22 A2 sl
BRI DX A S I o e I AR B R
2.5 IRSEIZ4L A% E

J9 T 5 B4 AR5 IRSEL 49 728 46 J5L IR, ) A 8]
A3 M XHF S X HEA T RE AL R AL, FERIF Y X AR
30 000 4 BEHL A, , IR 38 7K VA 51 o TORICR A 14
PRI RAE SR 7 W45 45 5 IRSEL{A , L IRSEL
AR 8, 7 TR ARk A A8 S b A [l AR G0

Tivsir =aota) xi+as xo+as x3+as vatasvstasxetar v (3)

RS 2000—2020 FiBE BESHEREERE
Table 5 Changes in the quality of Hainan Island s ecological environment from 2000 to 2020

e 2000—2005 2005—2010 2010—2015 2015—2020 2000—2020

Change level [ LBl [ Lt 15l [HEA Lt 15l TR Lo il [ Lt 45l

Area/km® Proportion/% Area/km’ Proportion/%  Area/km® Proportion/% Area/km’ Proportion/% Area/km®  Proportion/%
W] A8 2% 2380.98 9.1 1785.09 6.8 1383.44 53 2961.26 11.4 1740.35 6.7
AR 3101.07 11.8 2 696.58 10.3 1 050.67 4.0 4378.70 16.8 1383.72 54
HAAR 16141.7 61.5 15951.25 60.9 8789.93 33.8 14 448.71 55.5 10 447.57 40.4
B 2940.18 11.2 3292.98 12.6 7336.47 28.2 2186.37 8.4 6 537.44 253
I A8 Gy 1 665.02 6.4 2457.19 9.4 7 458.72 28.7 2061.80 7.9 5740.56 22.2
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55 LSM [ 1E [ Bk 56 2 s B AIG, H LSM A NDVI &2 81
R LULFN POP 46 XHE R 22 TH i, 156 B 2015—
2020 4F ] A= A PR B AR . L, B AR IR Ak i
5 AR AN PRBE T o, 07 S it ™A A R IR e s i A
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2010—2015,

=

0 45 90 180 km
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B v ) s Slightly improved
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E5 2000—2020 F R BAESHERETEEW
Figure 5 Spatial changes of Hainan Island’s ecological environment quality from 2000 to 2020

Fo6 BEMEFEERY

Table 6 Regression model coefficients in different years

0y Year ao a a as s as as a R
2000 0.403 0.341 0.211 -0.099 -0.049 -0.136 -0.161 0.108 1
2005 0.386 0.344 0.217 -0.073 -0.063 -0.14 =0.15 0.103 1
2010 0.420 0.311 0.234 -0.089 -0.073 -0.136 -0.168 0.099 1
2015 0.314 0.346 0.333 -0.110 -0.013 -0.164 -0.086 0.079 1
2020 0.539 0.251 0.200 -0.077 -0.052 -0.206 -0.237 0.085 1
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Figure 6 The normalized value of Hainan Island’s ecological index from 2000 to 2020
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