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Landscape ecological risk assessment of land use changes in the coastal area of

Haikou City in the past 30 years
CHEN Xinyi, XIE Genzong” , ZHANG Jinping

School of Geography and Environmental Sciences, Hainan Normal University, Haikou 571158, China

Abstract; Coastal zone, a key area for human settlement and development of economic, has been affected to a certain
extent with human activities and rapid urbanization, resulting in landscape pattern changes and environment deterioration.
This research field has become the study hotspot of many scholars. Based on ArcGIS and Fragstats, four phases of land use
vector data of Haikou coastal zone in 1988, 2000, 2009 and 2017 have been processed. Furthermore, with the help of grid
GIS method and Kriging interpolation method, the landscape ecological risk index model has been set up. Thus, we
comprehensively evaluated the landscape ecological risk of the coastal zone of Haikou City. The results showed that; (1)
the landscape area varied greatly and the main landscape type was construction and the cultivated land. (2) Human
activities had the strongest interference to the landscape between 2000 and 2017, and the maximum value of separation,
interference and vulnerability appeares in this time. (3) The average ecological risk in the study area increased from 0.3424
to 0.4468. The transformation of ecological risk level was generally from low to high. In addition, the spatial distribution
presented a decreasing trend from the middle to the east-west and inland to the coast, as well as the high-level risk areas
gradually spread to the coast. The area with high and extremely high ecological risk were mainly distributed in the Haikou

Built-up Area, the Nandu River bank, Meilan Airport, Mangrove Reserve, and the State Farm in Sanjiang Town. (4) The
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main reason for the increased ecological risk values is the area of green space and water is reduced and the distribution tends
to fragment and separate, as the development of city and port industry. The results of this study can provide scientific basis
for optimization of the landscape pattern, protection of land resources and sustainable development in the coastal zone of

Haikou City.
Key Words: landscape pattern; land use change; ecological risk assessment; gridding; coastal zone
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Fig.1 Location map of study area
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Table 1 Reclassification of land use in the coastal zone of Haikou City

P 5 1176 P LB PSR

Landscape type Land use in the coastal zone of Haikou City

HHb Cultivated land JKH BH K Be i A

254 Green land b | el | B 3 b A

K3 Water land GRS TR KD K KT R | DA I O A
F ML Construction land AEIE ML T P R RIX XS4 s A Sk A
HAlHIH Other land R AR, R ) 45

2 ARG

2.1 M GIS %
211 A KU PN BT 2

KA GIS 325, LIAS WM AF5E BT, 48 F AreGIS BHE 55 B 9 create fishnet THHE  BAIFFE X Kl 50
A A% I AR R AT IR et 58 . S75 S I GIS [ AH SC R M (b B A% ) ( GB12409—2009 ) FTHij
T, 4 0 B R PSP 35 BESR TR A 2—5 A5, P e 5 FE IR 9T IX S i 10 T4 it i 6 L AR 9 s B
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Fig.2 Map of land use type from 1988 to 2017
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Table 2 Evaluation of the vulnerability of the landscape Table 3 Evaluation of the vulnerability of the landscape, 2017
SO IRAE I — A Ak B g5 R S IRAE SRSt
Landscape type Value Results of normalization Landscape type Value Results of normalization
@ FHHE Construction land 1 0.0667 A% b Construction land 1 0.1000
2331 Green land 2 0.1333 44l Green land 2 0.2000
#H Cultivated land 3 0.2000 FHHh Cultivated land 3 0.3000
7K1, Water land 4 0.2667 JK 1%, Water land 4 0.4000
oAl FH3 Other land 5 0.3333 HoAl F3 Other land 0 0.0000
223 XUBCEOULAE S KU 15 B R (ERT)
FRZHEAETY A5 2/ NX A SR S KU AR K (3 4—5)
ERI, = Y, A‘”Ri (4)
i=1 k
R, =UxF, (5)

A ERL IR & A/ INX A X AR A5 XA 20 s n 38 SR BN G A, R b A/ X
B0 TR A FR S b A/INKILE AR § R, 7R 50U 2R B2 48 B, S st 2R Y i A2 By il 1 AR P
FARIBMER IR s F 3R S e 55 4R 4L

3 HR51TR

3.1 AR R AR
Hi 1988—2017 AR 111 T I 7 b ) T Ok B B0 A5 0 5 I Sl oA 1) - R A Ry 3R (3R 4) 5 SRATER—
A A EE (X 6) XifE PR AR 4 R HT Y 728 A R AT 23 A, 75931 1988—2017 4F it F1 1T i j5 4 - 3 A1
AR (R S) o
Uu-u, 1
K= i x7x100% (6)

a

o, K FORIEFE I Be A i LM I Sh A BE U, U, 70 BRI 0 R SR A 5 T R iFFE i Be .

&4 1988—2017 FE 1 F BIEHR
Table 4 Pattern of land use types from 1988 to 2017

K3k 2511 B BT H oAb st
AEY Water land Green land Cultivated land Construction land Other land
Year TR [IEEA A T TR

) % ) % N %o N % ) %

Area/km Area/km” Area/km Area/km Area/km”

1988 55.66 8.03 352.62 50.90 175.47 25.33 49.93 7.21 59.04 8.52
2000 98.52 14.22 232.93 33.63 102.89 14.85 220.62 31.85 37.76 5.45
2009 106.40 15.37 154.58 22.32 172.73 24.94 223.91 32.33 34.86 5.03
2017 69.08 9.90 106.72 15.30 292.81 41.98 228.85 32.81 0.00 0.00

WRAE A I J R AR R (R 4.5) A HUOR] FHSS Y P (&1 2) Rl RN, T 100 T T B b s M) 2R AL LA
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A AR 32, R LT 1988—2000 4R KRG K, AR LR IK 28.49% , 3| 2017 4F @i FHHL 5 L 2
Hi 1988 411 7.219% 34 % 32.81% , FLIF RIAE TPl i 0 i Ak AR, G ARVE T & DX 3 L R 45 K A
W H R A 1988—2009 4E 8] 2805 35 HEAR NS  (HAE 2009—2017 4 A 4EARfL R R 15 8.69% , 1%
55 g 48 AN T BUR A — RAVBOR A ¢, 1 2013 A3 X 21295 SCHF AR 3 54T 15,2016 48X 4= A H
HEFT AR 457 22 5L B 6 il e 22 U AR DX 2l (R 30 5 R A B St 4 U ) (O T Ak v S A
BT BORE— 2D 2 3 5 b = T S (g B Jre e ) | gm0 N RIBUR G T — 2D st Bk i, o 4P AR 1

UL SO YR A S FH O A B PR b, 2 S R

RS 1988—2017 E L FIAETUER %

Table 4 Table of annual land use change from 1988 to 2017

A KR 23 1) P HEBETI Hoftb

Year Water body Green land Cultivated land Construction land Other land
1988—2000 6.42 -2.83 -3.45 28.49 ~3.00
2000—2009 0.89 -3.74 7.54 0.17 -0.85
2009—2017 -4.38 -3.87 8.69 0.28 -12.50

3.2

SOULS JR N AR A

G3 LT Fragstats Y class 1 landscape 7KF-315545 3] 1988—2017 4F 4 5 WL LAY A OC S 45 Bk

(%6),

Fz 6 1988—2017 EEEMABSMISHSITR

Table 6 Landscape index statistics by landscape type from 1988 to 2017

iiﬁiﬁ tspe /;T:J; CA/ha  PLAND/% NP SHEIL C; S; D; U; F,
B 1988 17128.15 24.77 518 0.7956 0.0302 8.9464 0.2044 3.6141 0.2000
Cultivated land 2000 10324.21 14.91 419 0.9014 0.0406 15.6147 0.0986 6.2760 0.2000
2009 17217.72 24.87 447 0.9212 0.0260 19.5542 0.0788 7.8425 0.2000
2017 29258.97 41.95 382 0.8996 0.0131 13.0555 0.1004 5.2388 0.3000
B 1988 4975.36 7.19 155 0.7956 0.0312 8.9464 0.2044 3.6146 0.0667
Construction land 2000 21988.59 31.75 512 0.9014 0.0233 15.6147 0.0986 6.2674 0.0667
2009 22627.41 32.69 606 0.9212 0.0268 19.5542 0.0788 7.8430 0.0667
2017 22821.76 32.72 608 0.8996 0.0266 13.0555 0.1004 5.2456 0.1000
e 1988 35934.47 51.96 164 0.7956 0.0046 8.9464 0.2044 3.6013 0.1333
Green land 2000 23298.34 33.64 339 0.9014 0.0146 15.6147 0.0986 6.2630 0.1333
2009 15318.16 22.13 724 0.9212 0.0473 19.5542 0.0788 7.8532 0.1333
2017 10799.10 15.48 636 0.8996 0.0589 13.0555 0.1004 5.2617 0.2000
7K 1988 5588.83 8.08 80 0.7956 0.0143 8.9464 0.2044 3.6062 0.2667
Water body 2000 9864.53 14.24 401 0.9014 0.0407 15.6147 0.0986 6.2761 0.2667
2009 10592.92 15.30 521 0.9212 0.0492 19.5542 0.0788 7.8542 0.2667
2017 6873.23 9.85 253 0.8996 0.0368 13.0555 0.1004 5.2506 0.4000
HoAt i 3t 1988 5533.06 8.00 364 0.7956 0.0658 8.9464 0.2044 3.6319 0.3333
Other land 2000 3775.46 5.45 406 0.9014 0.1075 15.6147 0.0986 6.3095 0.3333
2009 3467.88 5.01 482 0.9212 0.1390 19.5542 0.0788 7.8991 0.3333
2017 0.00 0.00 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

CA BB X, Total Class Area; PLAND ; KEB ) BIMER | Percentage of Landscape; NP : KEEREL, Number of Patches; SHEI; A& ¥ 4) & | Shannon's

Diversity Index;C;; FtULBIEEFEEL Fragmentation Index; S;: FtULA 25 EFE 4L Splitting Index; D, S HEEFEEL Dominance Index; U, :

PLBEFEEL Obstruction Index; F;: FtULNEFTEFEEL Vulnerable Index
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LA e R R R 3 DX DR st b ¥ 1) Sk v A0 L RS 20, T B bR, | bt 45 il o by T AR E— 2D il . L
2000—2017 4E[A] NZTE S ST XN SO TP R sm 20, & SO 73 25 BE TP e 55 B2 dse R 4 7E I
BF N B, 256K, 1988—2017 AR HIR XY 7K | 0% & B AE — R AT sl X i o8 X e = A4 Tk
SEM AR |, 25 AR ISR ol T 8 A AU
3.3 R A S S U s AR Ak 0.5825

BET SR S AR TR R R (2 (4) ), X 25 4R 03 4% -
41 03424 0.4468
T 03759

w (=)}
1

1 DX A 2 AU (LA T, I 25 B A DX 0 v

AR HE %L ERT
Ecological risk index
© © o o o o
N
T

SRR RUBCHE AT A AL B AR A T 9T IX A A X 3 b 5

ERT (AT AR TSR, T ArcGIS B4 2055 Bl 2 LR T

A WA AR A A KBS X (ERT<0.25) BG4 A K Lr

BIX (0.25<ERI<0.35) . A XU X (0.35<ERI < 0 oss 2000 2009 07
0.45) KA 25 K X (0.45<ERI<0.55) 15 A= 25 KU A4 Year

X (ERI>0.55) , AR 25 KUBS: A5 2 sy B8R E AR B4 % B4 1988—2017 &£ Fi#4 SRS E

Riﬁi E/‘] q:;fjﬁgi \%Xﬂﬁ&ﬁiﬁfﬁ j(; %E 1';}_ @J 1988—2017 Fig.4 Coastal zone average ecological risk index, 1988—2017
AR T U R b b R D A A XU S ) O A T 3R

(K45,%7),
F7 1988—2017 FrFI HESKEERERK S
Table 7 Land use ecological risk grade area and its proportion from 1988 to 2017
sy 1988 2000 2009 2017
| il il 1
Grade Ef/\ % E Yoy % E‘ Yoy % ﬁ*/\ %
Area/km? Area/km? Area/km? Area/km?

2SR X
fret: . L 404.13 58.33 382.70 55.24 0.00 0.00 30.79 4.42
Low risk area
i A X
411&&./1; .J_U&l: 105.43 15.22 72.48 10.46 7.35 1.06 338.21 48.50
Inferior risk area

2 25 LB IX
EPi ﬂfhl: 183.18 26.44 93.54 13.50 301.27 43.50 216.71 31.08
Mediate risk area
5 i A A XU [X
&mi J—.U&E 0.05 0.01 136.44 19.69 303.53 43.83 111.61 16.01
Relatively risk area
o A 7S RS IX
RESNRX 0.00 0.00 7.63 1.10 80.38 11.61 0.00 0.00

High risk area

331 SRR ST

FHARE X A S KU 8 B, 15 B 78 XT3 AR 25 RS HE BT R I (1 4) | WIS XA S 249 A 25 KU
M\ 1988 4EFY 0.3424 FREEHETN, T 2009 4F ik B {H 0.5825, & 2017 4EFFAE S 0.4468, Al 1988—2017 4F 5+
SR 25 RURS: A8 A 3t A4 43 S S I B 45 T B BE (1988—2000 4F ) S I IXURS: [ B, 335 — st S I 9% IX S 1 A= 25 XKL
A IR H 3B 2218 5 56 1 B (2000—2017 4F) Sy i XU B B, 12 Bl 00 A~ 359 A 25 XU 1 R SR 2501 0.5 1
NS H R AR AR
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It Fe 7 WGEHAE AT A 45 G SRR A B LA R ARAE 48 T B BELUMIE B A 28 KU X o 32548 T
B BE AR (2000 4F ) T 171 T I 2 45 A 25 XURG S5 0 ARG A A5 XURG: IX O = A 1 e 2 2 KU DXL R A 5 3
1 S WFE XSS SR 26 (6 4) XL AT & B, 1988—2000 44k /K 38 =2 A1 e ¥ 48 i 50% , 1995 H= v L1 1l
FE4f s < 7 Sk bl " AR LR b, WO I SR 9T DX R AR SR i A, 5 T B BE DA B i A A AU
XA 3, 7E 2000—2009 AR [R] AR A: 25 RUBSE DX im0 I 2%, | S AR S U X LT o HE 100% , R b T
FRTEZ I S B0, 8 1 P b T RS AR 37 200 km? DA b 2R ZS BRI TFAAAL s 246 11 Y BEA (2017 48) HFFEIX
A SRS A g BRI A A A KU X A S XU X9 % 5 D DR A T 3k — st U9 10 i ok e 4 o (O
TN 2R FE WS £TAR M i PR A8 A e ) I 1 T 2 Bl 2 ) | Ol SR T SR 245 BN ) | OB I s I s 7=
BFIRER A IRNY SR 1E 2009—2017 4F (6] A A5 PR B AL R AR 2] T 5671 | Bk BV A 25 XU 25 94T I

1 A A A S AU X HE A T R,
3.3.2 WA SIKIG SES AR T 18 40 Ar
W AreGIS BT e, 153 1988—2017 4E (] 4= 25 KU S AL FE A I (32 8—F 11) .

=8 1988—2000 £+ F A & MG S R EARFE T EE

Table 8 Land use ecological risk grade area transfer matrix, 1988—2000

2000
A SRR X B A A XU X rp A 2SR X B A XU X T AR A AU X
1988 Low risk area Inferior risk area Mediate risk area Relatively risk area High risk area
R i % [ i % gt i % [ i % [ i %
Area/km Area/km Area/km Area/km Area/km
A A KU X 370.49 91.68 33.63 8.32 0.02 0.00 0.00 0.00 0.00 0.00
B A XU (X 12.21 11.58 38.84 36.84 43.72 41.46 10.65 10.10 0.02 0.02
A A KU X 0.00 0.00 0.02 0.01 49.81 27.19 125.76 68.65 7.59 4.14
B R A XU X 0.00 0.00 0.00 0.00 0.00 0.00 0.03 66.67 0.02 33.33
o A AR AU X 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
£ 9 2000—2009 F L3 F| ARG SR ERERERE
Table 9 Land use ecological risk grade area transfer matrix, 2000—2009
2009
IR A 2 U X AR AE A XU X AR R R X B R A KU X T AR A AU X
2000 Low risk area Inferior risk area Mediate risk area Relatively risk area High risk area
ﬁ%ﬂz % ﬁﬂz % ﬁ%ﬂz % ﬁﬂz % ERZ %
Area/km Area/km Area/km Area/km Area/km
IR 25 XU X 0.00 0.00 2.72 0.71 217.10 56.75 151.20 39.52 11.55 3.02
AR A XU X 0.00 0.00 4.48 6.19 34.99 48.31 29.82 41.18 3.12 4.32
rf AR AR X 0.00 0.00 0.15 0.16 43.70 46.75 46.04 49.26 3.58 3.83
A8 1R A XU X 0.00 0.00 0.00 0.00 5.47 4.01 76.44 56.02 54.53 39.97
1o A A AU X 0.00 0.00 0.00 0.00 0.02 0.22 0.02 0.22 7.59 99.55
Fz 10 2009—2017 & T it F) A ESKE S RERERS ERE
Table 10 Land use ecological risk grade area transfer matrix, 2009—2017
2017
AR A 25 XU X B A A AU X Fp AR 2 XU X 2 e R A XU X TR AR A AU X
2009 Low risk area Inferior risk area Mediate risk area Relatively risk area High risk area
R T g2t T T
Area/km? % Area/km? % Area/km? % Area/km? % Area/km? %
ARG 2 XU X 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AR A A AU X 1.86 33.13 3.76 66.87 0.00 0.00 0.00 0.00 0.00 0.00
AR R X 22.80 7.87 237.33 81.88 12.28 4.24 17.44 6.02 0.00 0.00
B R A XU X 0.40 0.13 85.16 28.47 135.84 45.42 77.71 25.98 0.00 0.00
i LR 2 XU X 0.00 0.00 0.42 0.53 65.28 81.47 14.43 18.00 0.00 0.00
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F 11 1988—2017 F£ A AT EREREBIER

Table 11 Land use ecological risk grade area transfer matrix, 1988—2017

2017

A= SRR X B A XU X rp AR 2 R (X B A XU X TR AR S AU X

1988 Low risk area Inferior risk area Mediate risk area Relatively risk area High risk area

A A A A A

Alr(iij/im2 % Arfljkm2 % Alr(iij/}km2 % Arf)/}km2 % Arfjka %
ARG A 2 XU (X 7.33 1.87 192.04 48.96 86.12 21.96 106.76 27.22 0.00 0.00
AR S XU X 6.95 6.89 54.48 53.95 39.40 39.02 0.14 0.14 0.00 0.00
AR RS X 10.77 5.94 80.17 44.17 87.88 48.42 2.68 1.48 0.00 0.00
B R A XU X 0.00 0.00 0.02 33.33 0.03 66.67 0.00 0.00 0.00 0.00
A AR X 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

S5 :1988—2000 4, A= A XS S5 g 2 ISR AR 221.39 km?, BN HEAIR RS X [ 5 AL
War IX. BB R 5 A 25 IRUR 2 20 2 AR A S A TR R 12.23 ke, (7 STET AR 1.77% , S22 SR e A0 KUK IX i) 41 XU 1X
MRS . 2000—2009 4 Az A5 AU SR 2 2 TSR TR B R 554.65 km?, 7 BT AR 80.09% , 51— B i AH Hb
AR 2,51 4%, FEE G HBARIRUE X 18] 458 v XU 1X, LA B Hbv JRURGS: X 1) ¢ v XU IX P 776 A 5 A 25 XU 5 4%
SRR A TR 5 AT 0.82% , 32 Ay A i IRURG: DX i) o JXURK: X A 26 8 5 22 1 Tt 34 A 2 XU 45 0 i) T AR
YR FRALRE T 98 5, Z BT I DT Tl ik Ak b3 — e RS, N PR K kT A B R R
AT RS AR | el b AR bR A T 15, AN B FH R ) AR S R BT U, 2009—2017 4, ARSI
G 5 TR TE AR 17.44 km® | (5 SRR 2.58% , 328 v XU X 1) 458 e XU [X FR 56 7% 5 A0 25 KUK 25
Y SRR AT AR 563.52 km® i BV 83.52% , 35 Ay v XU X 1) AR KU X, LA B el RS v IR X
Tia) F JRUREE DX R 26 8 5 TR 5t T Bk 34 A 25 XURS: S5 AR 240 J2: L T35 32.31 4%,

H% 11 AIH1,1988—2017 4F45 S AR AU X B 1 H: A Bt b | AR S XU S ) S A IR R 4K
fle MRz A BRI Bz BREREE PR PR R s Ka R ez,
L 11 FPA SR ST I A 2 RS 5 G 2 B AR A T AR 97.94 km?® | T 522 b HE A RIF A 427,14
km? , 29K 1Y 4.36 A8, DR AE 25 RURS: S5 9 AR A (IR ARG m) 3 SR e A a3, IXRRER W] 1988—2017 4F[]
Vi 10T VR e A S XU AR AE S IL , B SRV 10 T PV ol A A AR S0 ) — R A AP B 37 BRI/ Y
A SRS A BTREAR  (H T A SR MBS R — e K A AR, Az S AU A G S A S 1 a3
3.4 BRI S A 2 AU 2 8] 4357

P25 DX A B R AT 47 (A BT 4 G, 45 B BIF 5T XA S R 25 [ A A L (| S) o LS AT,
1988—2000 4F- , AR A AR A= 285 IRURS: DX ) 30k X 1 % A% 2 , 18 11 32 g DX AR i 908 30 R e X XA Sy A e AL
B 1X, 1988 AF-IE 11T 23 | i SBR &4 ol I 10 o v A PR B ) ) o VA 10 71 s e e 0 Tl A 2 e AT T BRI
U 1991 47 Vg g A BARMRIE L BF HF & I T L1999 4735 1196 2% [ PRl b 1 s A A5 (Hask S X 28 57 i
b B B, - bR A B — | 45 O 2 3 b A, 800 DX A R v XG5 9 1 78 1l X R T
ST I e AU DX JHL T PR T B S0 A 0 DX A 8 DA R A7 T2 IX S8 o TE A V0 3 i ST, S B B
PR BESE N, PR A A XU 8 BB 155 . 2000—2009 4F AR XURS: DX 2K, 352 e R e JXURS: DXV 5 Vg o vy 22 38 19X ER 1
i T Y TRE )™ 51K 5 35K — BF BT TAE 10 T S 0 A 18 e 48 2R SCAR O RIS B A AL, 33 2 77 b & JR S T v A
T AC ] b ISP SR Bk SR AR S T R M, B RS T s R R DL R B s L A
- b R R PR SR X % A 3 2 B S A A KU b T O A A XU DX Ak e A A KU X
ik 5 B IR XA, e A A XU DX 43 A ZE A5 X AR B 8 55 22 DX — V1AL i X S 3838 & 3k, Rl i A T =0k
Yy B AR B A 1L Ae 37 4, oW 2 B 5T % LR R R v, 5 SRR ) O O P 2%, WO TR AR R U RER
2009—2017 4, % g AU X [ P4 ] 5 7% 2 3R S 70 v 22 7 3 L I AR /N i IX O 2R B 24 | 22 H b Fn
FAETEE FH M 5 A 2 XU DX T 2 35 9% S U 7 11 T 1) RS A 5, 2013 436 1 7T 1) IO 1A P 4 “ SR R T
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CTIRFLLR RS AR ARSI R R R VR T L S A R R AR AR M AR BRI 52017
AR 2009 A AR S RS AT AT BT B 1, (HL I3 A ) AT by e AR 25 AU X, AT L AR S BOR B AT i e, 7 52
Jiti 58 A< s ) A BE 7 8 H A Ak ) A 25800

19884F

Lo 0] s B o D

5 1988—2017 F 75K 2R = 18 43 %5 B
Fig.5 Spatial distribution map of ecological risk, 1988—2017

v

AIF 5 o A A 2 DX, 257 2 ) 2 S 85 VAR St by vl 1) ZR G Al 1] 4 1028 Dk PR 5, v 45 8 ) XL X
BT DRI | ARRRIARSARG A A5 XU X 32 28 50 A P TR 2 1 AR P P 1 5, 12 DX AR 70t DX S UL BT
Zgtls AF AR 3 BRI LR B (ZDRIARSE A B, P AR A KRR X JE B A T o
VRS EIRIX , BEE NI Sl B ik R W W iRe A 50 g B ey 2B 25 XU IX. 3 2823 A 75 IX R Y
I X R BETLH AR S 22 L AR DR DX =B A S BT, ik 2t X S5 LS R LA 5 3
AR 2 AR 2855 A TR BN TV A b A PR B, DRI DX o0 A 285 XU A 20 Bl

4 Zig

FIH ArcGIS il Fragstats #04F , X i 11T ¥ A2 1988 ,2000,2009 2017 4+ 1 Al F B8 0047 A BH44 | 4
DI AR S KU AR Y | L S kx5 km A% WA A ST RUBE | $HEA 51 100 T 9AE 152707 = b R A8 £ 1 508 265 XU
T, PRI

(1) BFFE RN, A bR FH 2870 DL 33 FH H AR o 32 5 08 FH i 2 R B 3 R 34 BBl 43 5 B R
1% s Bk b S J5 38 AR AR 3 52 B 0996 1 T 6T = R A 7 7 PR AT 457 22 AR AS BIA OG5 kb |
IR SRS AL TR RS BRSSO oA T AR 2820 28 2017 4RTH 2R . VAR UG, BF9TIX
it 30 AF SN AL 3 A e T 52 24k, Sk kb K B0 BB 4 3 A1, 2000—2017 AF 18] A ZE35 Sl % 50U Y 4 fe by ik
B A SO Ay B R TR B 55 R de R I AR RN L, R FH S5 M AR

(2) B DX A 2 R 225 (1) 25 S 0 3 AR S22 ol e S ) AR VG DAY T o 3 D ) A 8 o A %) DR [X 340 T
HVTIE L X & 4E | 1988—2017 AR [AIAIFE X 1 F- 35 4= A5 XUBS (B Fh 0.3424 BTN %] 0.4468 , A= 25 KU S5 4% X 2 [1]
R 2GR 11 B, DRSS I = S e ol = AR S KU S 2t T 8 i T R 24 0 2 R A 35 1Y 4.36 %,
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SRR AR W TR 30 AF B SO0 AR A KU AR A T 43S PRI B B - 1988—2000 4T, I JRURS: B Bz
A DA S AU Y B T AR AR5 2009—2017 , e AU B B, BREE K T HUFR R o, AR R I— R A B
AR AR EOR ) T TR A a1 5 SR A S RS AR SR AT AE

(3) 2047 T 1741 PG S R0 25350 5 22 DX A R TR R Mt 2t s 0K B, e NS TR RE To e 22 | Wf 5 WAk 25 XU
(B SR A v, AT 3l T 5 SO m AR D HL A3 A 8 T o0, S RIS XA 28 XU (A e A 2 34 3 11
FEEE GBS X AR R VLB E S AR I E ST LU RO X R | Ve LS v M i & e A 34
FRI2 DX Sl XL A 2 DRI A8 3 1 5 T RAF 5 DX PG 38 %) g b AR bt e O 93 A B B v Ll PR A, AR R B2l T P
A A 25 XU

(4) FRIFoE 2B, IR P AR B AR 2 U A i, (E2 = A2 sl s ), g ise b 9 9 5k 25 38 Jon s i
SOULAG AR AR IR 0 IS DX A 14 ) b 3 A T HR I 10 T B X (RO IR IX) VAR X D B AR R T
B 6 LA RRIT 5 1988—2017 4RI 17 & S U, FH b5 R 38 K, A 15 FH b % p TS A 5 2l 301

NS T JEAT SO AR TR E Sl A B TR T 4, (A A P N B B A R A S KR X

BERTIEZ i8ISy F=iYa by L A P

(5) Z5 B RIGE X S WA A8 KU 43 BT, B X6 ¥ 1 T 1At DX b R 4 e DA 8L, — X T AR )
A SRV X, FE AR T 3R I s 7 o 8 B T 98 2l A 2 XU PR s i), G BRI I 182 57 G2 b X, ot . 7K
35 HAD ST e R M XA A AR A ARG DX, R4 T 2 5 B, 97K B R4 DRSS, s A= A e i Al
U I TR E  SC TR R R
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