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X AR H MR TE RS HUK R S5 X R 8 AR AL TR 72 JR 3 %, ESV 408 i X BB e O M= S HEHRIX 2
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Spatio-temporal changes of land use and ecosystem services value in Hainan

Island from 1980 to 2018

LEI Jinrui, CHEN Zongzhu™ , CHEN Xiaohua, LI Yuanling, WU Tingtian
Hainan Academy of Forestry, Hainan Academy of Mangrove, Haikou 571100, China

Abstract: This paper selected Hainan Island as the research area, collected the 5 phases land use data of 1980—2018 to
analyze by ArcGIS. We used the equivalent factor method, ecosystem service change index ( ESCI) , and spatially statistical
analysis method to explore the temporal and spatial change characteristics of land use and ecosystem service value (ESV) in
Hainan Island. The results are shown as follows. (1) Forestland is the most important natural ecosystem in Hainan Island,
accounting for more than 62% of its total area. The forestland area was firstly increased and then decreased in 1980—2018.
The construction land increased rapidly, especially after 2010, with the growth rate of 122.46% , followed by the water area
with the growth rate of 20.94%. Land use mainly presented the characteristics of changing from grassland to forest land, as
well as from farmland and forestland to construction land or water area. (2) From 1980 to 2018, the overall ESV in Hainan
Island showed a trend of first increasing and then decreasing, with a total increase of 5.159 billion yuan and a growth rate of
2.56%. Among them, the ESV of forestland accounted for the highest proportion with more than 70%. The single ESV was

mainly hydrology regulation and climate regulation, which accounted for more than 50% of the total ESV. (3) In terms of
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spatial distribution, the ESV of Hainan Island had obviously spatial differentiation features with high in the middle area and
low in the surrounding area. The high value area shrank further and the low value area expanded gradually in time series.
(4) The spatial distribution of ESV and its changes in 5 periods from 1980 to 2018 in Hainan Island had significantly
positive autocorrelation. The hot spots of ESV increment were mainly distributed in storage areas such as Daguangba
reservoir and aquaculture farms in the northeast of Hainan Island. The cold spots of ESV loss were mainly distributed in
important urban areas such as Haikou and Sanya, Yangpu economic development zone and coastal areas with rich tourism

resources.

Key Words: land use; ecosystem services value; hotspot analysis; spatial and temporal changes; spatial

autocorrelation ; island
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EOURS T B R > DA 4t EL AT Het g R 5E T D e Bk R AR S R GRS M PP R
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Fig.2 Land use types in Hainan Island in each year
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x1 BHERRANARESKRSHELE

Table 1 The equivalent of ecological service value per unit area in Hainan Island

— R IA e | Bt it Hiifh K35k R KAt
First category Second category Cropland Forestland Grassland Water land Built land Unused land
HEZ IR 55 Tyt 1.03 0.26 0.29 0.66 0 0.01
Provisioning services JE A 0.29 0.60 0.43 0.37 0 0.03
KB -0.91 0.31 0.24 5.44 0 0.02
VA RS TS 0.82 1.98 1.51 1.34 0 0.10
Regulating services AR 0.43 5.92 4.00 2.95 0 0.09
RIS 0.12 1.73 1.32 4.58 0 0.29
) $'S Bil 1.13 3.87 2.93 63.24 0 0.19
SCHEIR S5 ER:JVSh 0.67 2.41 1.84 1.62 0 0.12
Supporting services EIZS PN 0.14 0.18 0.14 0.13 0 0.01
AW R 0.16 2.19 1.67 5.21 0 0.11
AL PSSl 0.07 0.96 0.74 3.31 0 0.05
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3 ZBREHS

3.1 g R S A AR L RRAE
311 MR HIZE A AR AR AL

R 185 i £ AN [ s 0 SR A 18 i ( T 2) , T AR M T 5% = st R R R R AR R 2, o R T AL A
62% V) |, E BT ARG 5 R R RO, (5 26% A A, 5B AR R S AR Lk SR R R
T B 5 ST 90% 5 FoAth 1= MR 2R ARV B G bed /b . AR 2 19 1 b R 28 0 T AR AR AL ok B, 1980—2018
AV R S R FH TR i R, B9 741.38 km®, JLURCAIK I, HE I 261.89 km? 5 A b R b 7 R D A
K, 50514 493.58 km® f1 367.15 km?, Hoth = HuF| RS I BAR (b4 /N, IS ALK E | 1980—2018 4F:iff
T 5% A P o AR AR I B R, B KR TR IA 122.46% , A FH Ml 55 1 K 3 ) e AR AR A Kk, AR Ak R4y
S -62.34% ,—24.35% ,20.94% , B H FMR b 04 28 A BE /N, DN TRTRR B B M AR A o 7, st 1 P il T A L £51)
IR IR ASF, HAE 2010—2018 4P (1] S5 2 = 0 s B R0 R 1 FH Mg 22 ek bR 56 385 I 5 ARG
A ST R AR T W R I 5 A SR 2 S 3 B B T #A, 7E 2000—2010 4RI £ .

K2 1980—2018 FifFE B LRI ML T
Table 2 Changes of different land use types in Hainan Island from 1980 to 2018

- b 2 it Hrith B it K35k A A b
Land use types Grassland Cropland Built land Forestland Water land Unused land
1980 4F- A km? 1507.63 9190.24 605.42 21512.47 1250.62 198.03

L il % 4.40 26.82 1.77 62.78 3.65 0.58
1990 4 TR/ km? 1455.11 9104.54 652.19 21651.60 1242.22 159.73

Ll % 4.25 26.57 1.90 63.19 3.63 0.47
2000 4F: T AL/ km? 1234.45 9008.65 785.87 21819.14 1295.35 127.31

HoB/ % 3.60 26.29 2.29 63.67 3.78 0.37
2010 4 A km? 1135.90 8891.91 907.80 21742.21 1515.86 85.18

L il % 3.31 25.94 2.65 63.43 4.42 0.25
2018 4F T A/ km? 1140.48 8696.66 1346.80 21512.14 1512.51 74.58

He B/ % 3.33 25.37 3.93 62.75 4.41 0.22
1980—2018 4F [ FAAE 4k, Area change -367.15 -493.58 741.38 -0.33 261.89 -123.45

1980—2018 4FHIFAE L4

Rate of area change/%

-24.35 -5.37 122.46 0.00 20.94 -62.34

312 THURIATE R A

MR 5 1980—2018 4F + MR ISR ARG AR LR TR (3R 3) , BF I ity T AR R K, e S 8 FH
b KSR TR 3 51 K 381.10,192.00,158.68 km? ; FHe vk Sy ARl e by i 52 Pty 4 7K 3l D AR 43 S0l Ay
293.61,133.90,102.76 km® ; i A bt i) T AR A K, A 303,17 k5 FoAth A iR 2R BRSS9 TR/
M AT, #0 FH HUG AT RU , F2 200k F Bk AR M, TR 4350 381.10,293.61 km* ; Hk W bk, 3=
Bk 1 FH AN b, T AR 530 R 303,17 192,00 km® 5 BRI /KL, 20k F AL 158.68 km® FIARHL 102.76
km? ; ol R I AR/ NSRS Ak (1] 3) M v & - b ) T A 7 T 4R v e T B X A
W T R T = AE MR D TR X PRI R T T & X S B R ARV 6 b DX PRI 3k T e 18 s g - b
PR AU ARRR  FEERFAE R I B bRHh, KB S 5 T Ml T B K P (AR 30U IX 458 ) A8 S 3
Mo PRHBAE R K R, R T R A A S S AR AR B SC R AR DT A5 T L 110 e e AR 3 A5 T A A T
TG A PR L, 3k 7E — R R 1 4 5 PR b B DR ) S A
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F3 1980—2018 FiEF 5 Lt F AR LER km’
Table 3 Conversion of different land use types in Hainan Island from 1980 to 2018
2018
1980 Bl Bty Hrig il b Mt K KA
Grassland Cropland Built land Forestland Water land Unused land
HH Grassland 1079.19 14.70 46.26 303.17 64.28 0.00
HtHth Cropland 4.88 8453.38 381.10 192.00 158.68 0.15
A% T Built land 0.27 18.33 556.39 20.67 9.09 0.00
Mt Forestland 27.89 133.90 293.61 20950.21 102.76 3.48
k4% Water land 6.31 39.02 30.23 7.20 1163.50 0.16
KA FHHL Unused land 21.84 37.32 17.20 38.02 12.80 70.77
N
A - ) .o B
4 I o T ELTEHL I K S A
el ! 9 R PR B
A SN e S U R PR3 Mtttk
i e N i B | Pk k
A i Fis K I kst % R ) P
‘ s gismgerkn I AR
R By BMBERERL ML | EE ML R
L ot ¢ Hhih ik i A FH Hh s B
Wi : Bk [ REdiiiieoiN
A : Prstesks D BT
7 HEH 5L AR A i Hh A P B
s r{ BRSO L A T A P B
s e kgt R Ak
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B3 1980—2018 Fig & T AT W= 1E 570 E
Fig.3 Spatial distribution of land use changes in Hainan Island from 1980 to 2018
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3.2.1 A LRSS A S R SRS I E Ak

1980—2018 4F-1ff B & T HiAE A R GRS SN ERE IR F IR S s BEAR A A8 A B2 (3R 4) , H 1980 4F
[ 2014.03 127084 i E] 2010 4F- () 2084.49 4270, ¥4 Hn T 70.46 147G, Z J5 18/ 3] 2018 -1 2065.62 127G, Ik /D
T 18.87 AZJT  FEIX I [A] B8 i 51.59 A2TG, B R H2.56% , WA [H] + Mo F| 2RO E A KB ESV
BN AR, 7E 1980—2018 AR [ L1 il 76.82 4270, HE K F3K 20.94% ; HAR A ESV AN A FR FEREAR, AR H
MR K, i -62.12% (AN E AR 0.41 427T ; HUCH B A#F b ESV 73 514K 18.33 {2I0 1 6.47 12
TG, BRI -24.36% F1-5.37% M ESV i L fers , Y935 70% LA b, ESV Se7t 5 Ja B A, 5 Al i AR AR £k ¥
P EM R I AL THF , (HFE 2010—2018 4E[AMkdth ESV AKX 15.51 4270, AT UL, b 1 AR AR 62 i
A 2010—2018 45 8] [ & 3 B AE 25 2R G0 IR 45 M (748 A 170 32 2 I DAL i 7 el i AR 2 32 380 1980—
2018 48]V 5 3 A AR S R GRS BN (E 3 I AR AR SR A
322 HIUERRSRS MEAL

1980—2018 4F-iffpg & - M M A= 35 R GRS B AR fL a3k 5 Fif . BRI ESV LAZK SCIRY S0
F P b RMER 50% L L 78 1980—2018 4F[H] BT ESV AR fk e K A& /K SCIRIFT , 380 49.22 1206, b7 B
HIE 1Y 95.41% , HUOR /K GRIRAL LS 3470 5.89 1270, Ae b %3k 32.45% , M (BB 5K A S AsJE 15 Fn s,
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G 55:1980—2018 iR 5 HURI S5 A4 S R GRS I BN 25 48 1k 4767

PRIEAY, 735> 3.05 AZT0A 2.07 A28, AKSCIATY KB IR LA O (L Akt v plg 5 M 2 25 R SR S5 S
(ELEVAIE N, 1A% 4 T A i AR R S0 s I LR (LR AR v T At i AR/ i sl A R K SR Y
TIEORFF A Y Z RPN (R

F4 1980—2018 FEEEELX I AT REERSMEZT L/ 10550

Table 4 Ecosystem service value changes of each land use type of Hainan Island from 1980 to 2018

d- M IS A b A R piS:i) K35k A A Hb Rt
Land use types Grassland Cropland Built land Forestland Water land Unused land Total
1980 ESV 75.26 120.44 0.00 1450.83 366.84 0.66 2014.03
Bl % 3.74 5.98 0.00 72.04 18.21 0.03 100
1990 ESV 72.64 119.32 0.00 1460.21 364.38 0.53 2017.08
1/ % 3.60 5.92 0.00 72.39 18.06 0.03 100
2000 ESV 61.62 118.06 0.00 1471.51 379.97 0.42 2031.58
Bl % 3.03 5.81 0.00 72.43 18.70 0.02 100
2010 ESV 56.70 116.53 0.00 1466.32 444.65 0.28 2084.49
Le 5/ % 2.72 5.59 0.00 70.34 21.33 0.01 100
2018 ESV 56.93 113.97 0.00 1450.81 443.65 0.25 2065.62
Bl % 2.76 5.52 0.00 70.24 21.48 0.01 100
1980—2018 4F
ESV 454k -18.33 -6.47 0.00 -0.02 76.82 -0.41 51.59
ESV change
1980—2018 4F
ESV 2544 -24.36 -5.37 0.00 0.00 20.94 -62.12 2.56

Rate of ESV change/%
ESV: B RGERESME Ecosystem services values

R5 1980—2018 FiEEB AT RESEBATRSMEZT L/ 10550

Table 5 Changes of individual service value of land ecosystem in Hainan Island from 1980 to 2018

P2 i 55 PR 55 SCHER 55 AR 55
Provisioning Regulating Supporting Cultural
. N o4
SRR services services services services Bt
{H ESV Total

R KRR AUk AUk Ak koo BEE dEEnR A k¥
A AT ks T R R T R R ZRME R

1980 ESV 54.09 5514  18.15 178.56 465.90 152.59 584.85 207.60 18.63 190.56  87.96 2014.03
et/ % 2.69 2.74 0.90 8.87  23.13 7.58  29.04 1031 093 9.46  4.37 100.00
1990 ESV 53.85 5525 18.35 178.92 467.71 15296 584.02 208.13 18.65 191.07 88.16 2017.08
Lt/ % 2.67 2.74 0.91 8.87  23.19 7.58 2895 1032 0.92 9.47 437 100
2000 ESV 53.57 5524  19.59 178.88 468.44 153.69 594.74 208.18 18.62 191.92 88.71 2031.58
et/ % 264 272 0.96 8.80  23.06 7.56  29.27 1025  0.92 9.45 437 100
2010 ESV 53.49  55.09 23.74 178.52 467.60 156.06 638.40 207.88 18.56 194.53  90.60 2084.49
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Fig.4 Spatial distribution of ESV and ESCI in Hainan Island from 1980 to 2018
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Table 6 Spatial autocorrelation of ESV and its changes in Hainan Island from 1980 to 2018

= 18] 5 18 K

F545 Index 1980 1990 2010 2018 1980—1990 1990—2000 2000—2010 2010—2018 1980—2018
Moran's [ 0.5006 0.4932 0.5118 0.5189 0.2271 0.3387 0.2194 0.4502
Z scores 91.9946 90.6311 94.0510 95.3540 42.7926 62.5902 41.0797 83.0595
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Fig.5 Spatial distribution of cold spots and hot spots of ESV changes in Hainan Island from 1980 to 2018
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Table 7 Area proportion of cold spots and hot spots of ESV changes in Hainan Island from 1980 to 2018

A ] Phases 1980—1990 1990—2000 2000—2010 2010—2018 1980—2018
R -99% BAF L

0.71 1.10 1.38 2.07 1.76
Cold spot =99% confidence
¥ R-95% T 17

0.28 0.45 0.62 0.71 0.76
Cold spot —=95% confidence
¥ 15 -90% B AR

0.23 0.35 0.27 0.61 0.73
Cold spot =90% confidence
Iﬁ%ﬁ 94.69 94.97 91.25 95.27 90.97
Not significant
A -90% T 1%

. .44 . .22 .

Hot spot —90% confidence 055 0 0.93 0 0.7
A -95% B A5

1.06 0.78 1.34 0.26 1.20
Hot spot =95% confidence
P - EiiS
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Hot spot =99% confidence
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