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Spatial-temporal evolution of land use and ecological risk in Dongting L.ake Basin
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Abstract: Land use change is the most direct manifestation of the interaction between human activities and the natural
environment, which can significantly change the pattern of the ecosystem, and then affect the process and function, thus
having a far-reaching impact on the regional ecological environment. Ecological risk plays an important role in ecological
environment quality assessment and ecological environment management, which can better reflect the impact of land use
change on ecological process and function. The Dongting Lake Basin, which flows through Hunan, Hubei, Jiangxi,
Guangdong, Guangxi, Guizhou and Chongqing, is situated in the middle and lower reaches of the Yangize River basin in
the central south of China. It is famous for its agricultural products. In this article, land use data in 1980, 1990, 2000,
2010, and 2018, were used. Land cover types were interpreted, and the dynamic characteristics of land use were
quantitatively analyzed. In addition, the ecological risk assessment model was constructed to evaluate ecological risk from

the perspective of landscape ecology, thereby revealing the characteristics of spatial-temporal evolution. The results showed
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that (1) since 1980, the land use types of Dongting Lake Basin were mainly woodland and cropland. The land use pattern
has taken great changes, which is characterized by the continuous expansion of built-up land, the basic stability of
woodland, the shrinking of cropland and the expansion of water area. (2) the ecological environment of Dongting Lake
Basin showed a relatively good state, with lower and medium ecological risk areas as the dominant type during 1980—2018.
In the three periods of 1980—1990, 1990—2010 and 2010—2018, ecological risk has been increasing, mitigating and
aggravating. High risk areas were mainly distributed in Dongting Lake and Dongting Lake Plain. Moreover, the ecological
risk of Dongting Lake region, Xiangjiang River Basin and Zishui basin were significantly higher than that of other areas,

while it was a lesser risk extent in Yuanshui basin, Lishui basin and the east and south of Xiangjiang River Basin.

Key Words: land use; ecological risk; spatial-temporal evolution; Dongting Lake Basin
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Fig.1 The location of Dongting Lake Basin
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Table 1 Areas statistics and proportions of each land cover type in Dongting Lake Basin

1980 4 1990 4F- 2000 4 2010 4F 2018 4F
T A i T T gt T
land cover type Area/ % Area/ % Area/ % Area/ % Area/ %
(10*km?) (10*km?) (10*km?) (10*km?) (10*km?)

B Cropland 7.74 29.42 7.70 29.26 7.67 29.16 7.47 28.36 7.35 27.93
M Woodland 15.95 60.58 15.94 60.57 15.9 60.47 16.12 61.25 16.05 60.97
il Grassland 1.55 5.89 1.55 5.90 1.55 5.90 1.38 5.23 1.36 5.17
7K X Water area 0.72 2.73 0.75 2.84 0.77 2.93 0.78 2.97 0.80 3.04
A5 I HE Built-up land 0.28 1.07 0.30 1.14 0.33 1.25 0.48 1.82 0.66 2.50
KA HL Unused land 0.08 0.31 0.08 0.29 0.08 0.29 0.10 0.38 0.10 0.39

3.1.2 T 40 A I I ek A R R AR AR R S A% SR AT

1980—2000 4F-[1] , ] B i 9t $uk = o A FH A8 AL BT AR 2 Sk 2.2% 10 km? , (7 43k 9 0.84% (% 2) . TR EEM
T LA 5 Sy I IR 5 T M R 3, 4 ) R 438km? F 357km? , 2 (5 - i A FH A Ak T ARG 19.86% FI
16.18% ; HR A B AR I K 55 Bk st R 5 5 | 43 0) o5 3 R FHAS AR 9 12.33% . 12.06% F1 9.38% , 7K
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Table 2 Area of land-use change in Dongting Lake Basin during 1980—2018

2000 4F
1980 4f B it i K3 BN KA gt
Cropland Woodland Grassland Water area  Built-up land Unused land Total transfer out area
Bt Cropland - 272 19 438 357 5 1091
FHL Woodland 266 - 207 132 112 4 721
b Grassland 46 150 - 12 5 0 213
JKI, Water area 69 16 8 - 8 5 106
A HIHE Built-up land 1 1 0 0 - 0 2
KA HIH Unused land 4 7 1 61 1 - 74
i A&t Total transfer in area 386 446 235 643 483 14 2207
2018 4E
2000 4 Pt it Bl K T L Bt
Cropland Woodland ~ Grassland ~ Water area  Built-up land Unused land Total transfer out area
Bt Cropland - 4580 275 871 2065 34 7825
ML Woodland 3324 - 587 365 1475 12 5763
HiH Grassland 442 2161 - 83 120 2 2808
JKIE Water area 562 195 16 - 73 391 1237
A Built-up land 262 131 10 44 - 2 449
F A HIHE Unused land 17 5 1 154 3 - 180
i A&t Total transfer in area 4606 7072 889 1518 3736 441 18262

2000—2018 4F-[a] , il J22 1 e 3ok = oo 1) FH AR fb BT AR 2 R 1.83% 10 km?® , i 231 6.96% (£ 3) ., A EEH]
T A A A A LIRS S bk AR A Bk R | 435108 4580km® A1 3324km? , 24 (Y7 4= MR AR £k B T
FHIP) 25.08% Fil 18.20% 5 Hiyk SRy w bt A bl , Kk b R b A Sy 15 FH b, 43001 o 4= R AR ARG 11.83%
11.31%F1 8.77% , M\ 900mx900m [ 4% B 50 P () =5 B2 4 Hiu 1) FH S R AR 1k 25 6] 43 A7 4% ey ( 1] 2) Sk &, 2000—
2018 477315 FH Hb 7 T B 18137 35050 T PN S 3, DABR R MR TR T B A% 0 | o o 5830 TR R 2 B R
0 MBS AE D 5KA% R, MRS (b SR ARG Tk 3 ) s bt A 4 T s P 22 Rk A, s o v
DX 35l 3 A7 A R VT 38T R 2 45 P AR AR B R K It 3 D T 5 P B R 1 9 L A b DX TR b g 2
RAEAE RIS K P BT (XS sk B b i o i XU KRR X, AR b DL 22
IRBFEARER 200, B 22 47 16 2 e [ 2 R oA, 2880 A 7R L r A R BRI AR TR ML X T8
R A A3 A AR T I DX TR 2R BRT R ELAE M X KRR Al B /N R A AR R A AR e A T
TR TP oA I DX, 2 A v T o 22 TR B T X, 32 A b OG R B KA SR I R2 ) | K RS 4 X s 2 A v
Sy ARTETR EE X
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Fig.2 Distribution of dominant land-use conversion in Dongting Lake Basin during 1980—2018
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R DX TR o5 HE 3k 609% LA L PRIt {1 J 18 30 4 A 285 XU BS: S AR AL 7 rp S i R K -, AR S BN E 8 R (LA
TEWT I A28 0 b

®3 EEMREESREEERRE G

Table 3 Areas statistics and proportions of each ecological risk type in Dongting Lake Basin

RIS X BUR AU X Hh A RURS: X B AR X e AU X
P Lowest risk area Lower risk area Medium risk area Higher risk area Highest risk area
ot i, i, i i i,
Area/ % Area/ % Area/ % Area/ % Area/ %
(10*km?) (10*km?) (10*km?) (10*km?) (10*km?)

1980 7.31 27.35 18.79 70.33 0.22 0.84 0.11 0.42 0.28 1.06
1990 0.39 1.48 8.75 32.74 7.76 29.03 6.17 23.07 3.66 13.68
2000 0.40 1.48 8.75 32.73 7.81 29.21 6.20 23.20 3.57 13.38
2010 0.40 1.49 8.79 32.88 8.09 30.28 6.21 23.23 3.24 12.13
2018 0.39 1.47 8.67 32.43 8.19 30.65 6.18 23.14 3.29 12.30

3.2.1 I U A A XU S A SR 20 A
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Fig.3 Distribution of ecological risk in Dongting Lake Basin during 1980—2018
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PRI R U 25 AU A Jm 1) B L IG-R , Be PRI 2 1890 S W80 A ol DXR 9 v i e Bz 1 7K Al = b 1) FH 4 20 R A
o 5 T AR TS AR UGS [X. 32 B2 40 A3 76 A5 1 P = I B L A L i | 32 0 fh i S XU 8 s AR ST BEX,
WAL R TR WA R A X SR8 | A ST Slk) = iR AR A1
3.2.2 Tl I A 2 RS i (] i AR S A

AN [ B 1 A 25 U A8 Ak R 7, 1980—2018 AF it kA 285 JRUISS: 22 390 1444 -2 AR1- ) ™ 7 B ] 3 A 4
fiE, 1980—1990 4F- [ 7% DX A= 25 JRUBS: KM 4 | A S IAEE SURDEAL | 32 B3R B IR A AR XU IX. T AR KR T
R, FCTm AR B A0 27.35% 1 70.33% B 1.48% F 32.74% , 1 FR A5 A58 i A e A 25 JRURG: IX o A 0 2 RS
) 2 B A TR B0 20189 010 28.19% . 22.65% F11 12.62% (32 3) o X — 70 94 6.88x10*km* . 10.12
x10*km” ,0.13x 10*km” F1 0.08x 10*km® (AL  FAK |, o 25 R v XU [X 254 b T T, A LUARG 5 11 DRSS 2 46
AR B R AU S FE (R 4) o 1990—2010 AF [R]85 A A XU 4 ] F- 28 R, X sk PR A5 31— ik, 32
T A v IXURG: DX T AR T R A HORI AR 5 Fe 1990 4E 1Y 13.68% F F& 2 2010 4EAY 12.13% , R B A= 25
JRURS: DX T AR A 48 T, 38 1500km” (36 3) . FEIX 20 4F[H], KU 4% R W 1T AL 24 S 709.59km’/ ., i AU 26
P L THHEIFZH 385.05km”/a; A S KBS R UL« -5 B m— S o BT EA0N 32 L
BINTE 20% 547 (] 4) . 2010—2018 AF[] XAz A5 XU R R 35 | AR A IR B0 SRR 7™ 0 | AR AR AR 2
JRUS: DX A B T e A5 e XU X A 2 — o R (R 3) o X — B AR IS RS SR 4 I R 2 0.90%
10*km? , 1 KUK 4% B BT 204 0.35x 10 km™ 5 A= 25 KUK S B BAR— T 45 T & 30 m AR R — i i =X
TR B o SR TR RSB R U R R (3R 4) o HRT DL, 1980—1990 4 H] 2 I i i) it 1k
A 25 XU 2228 Al B R 1T 1990 4 LK Tl Jee 180 7 4uk -t 0] FH A £ 18 A 285 IRUBS A% SRy AR PR AN K, s 52 3 T 2%
FE I )

4 REMTRIE 1980—2018 £ 4 AR 75 46 4
Table 4 Ecological risk transfer matrix in Dongting Lake Basin during 1980—2018

1980—1990 4F: 1990—2000 4F- 2000—2010 4F: 2010—2018 4F:
R A Al Rk FemAl FehbeR Al bR Fefami R R
Transfer type Transfer Transfer Transfer Transfer Transfer Transfer Transfer Transfer
area/km? rate/ % area/km” rate/ % area/km? rate/ % area/km? rate/ %
102 411.20 0.24 7.02 0.13 10.15 0.06 16.15 0.13
103 215.17 0.13 0.00 0.00 0.00 0.00 0.00 0.00
104 39832.46 23.15 0.00 0.00 0.00 0.00 0.00 0.00
105 28330.92 16.46 0.00 0.00 0.00 0.00 0.00 0.00
201 0.00 0.00 10.25 0.19 17.95 0.11 1.36 0.01
203 76413.85 44.41 1095.62 20.85 3634.66 21.80 3178.10 25.33
204 20900.85 12.15 42.12 0.80 77.76 0.47 9.72 0.08
205 3857.39 2.24 16.20 0.31 0.00 0.00 0.00 0.00
302 35.64 0.02 1132.73 21.56 3116.34 18.69 1588.38 12.66
304 536.05 0.31 589.38 11.22 1551.88 9.31 2678.11 21.35
305 777.48 0.45 32.40 0.62 29.16 0.17 19.44 0.15
402 0.00 0.00 22.68 0.43 576.12 3.46 346.68 2.76
403 6.48 0.00 1119.95 21.31 3357.14 20.14 2031.37 16.19
405 759.34 0.44 162.00 3.08 469.80 2.82 1557.55 12.42
502 0.00 0.00 0.00 0.00 419.90 2.52 22.68 0.18
503 0.00 0.00 12.96 0.25 560.52 3.36 74.52 0.59
504 2.58 0.00 1011.72 19.25 2851.59 17.10 1020.51 8.14

FHEREISAL 102 (R XS — B AR XUS/ Lowest risk to lower risk ; 103 B XU — HH 25 XU/ Lowest risk to medium risk ; 104 B XU — %52 157 JXUBS/ Lowest
risk to higher risk ;105 i XU — 25 JXUKL/ Lowest risk to highest risk ;201 XU —{I% XUK:/ Lower risk to lowest risk ;203 B KU — 45 XU/ Lower
risk to medium risk ;204 I XUBSE— 55 55 XUKE/ Lower risk to higher risk ;205 FARK KUK — 155 KUK/ Lower risk to highest risk ;302 H &5 KU — AU/
Medium risk to lower risk ;304 125 XU — 45 125 XU/ Medium risk to higher risk ;305 45 XU — 125 XU/ Medium risk to highest risk ;402 % &5 KUK —
B XURS:/ Higher risk to lower risk ;403 4 8 KUBS — 145 JXUBS / Higher risk to medium risk ;405 %5725 XU — /85 KUK/ Higher risk to highest risk ;502 5 X

B —FAK XS/ Highest risk to lower risk ;503 1 KU — H 48 JUBS:/ Highest risk to medium risk ;504 155 XUBSE — % = XU/ Highest risk to higher risk

http ; //www.ecologica.cn



3938 JAE = 41 4

1998 4F LA - Ji 1 1) i i) e 3m A 25 PR PP A e i T AR T S 900 1R FHak ) R Bhis a2 ST 5, Hdr,
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W A IR B AR TR 1 AR S TE R 12206. 8km®, 5 15 2l 1B #F I8 AR AT (2000 4 ) A LY BRI T B3
8660km’ , FRANEL 55 FIGNN 3.42% , FRAREFEIAN 23.65% ; K AU I8/ 0 W 5 AF 3470 AT 2 300 i e o0 4 v
BBERTIY 1.67x10%t, W />3] 2009 411 0.383x10%t, ¥ /> 77% , Horb % H % Doy « pU /K /) U8 vb i i b
40.7%"*" G54 E 0 ek - bR F AR Ak 55 A 2 XS T A B, AT LR B 2000—2010 4 - 3t oF] AR fk fe A
Z AR AE JE A b -5 PR 22 [ A 2 8, o DR R B A P S 50 A A b 2 oA it T L o 0 8 b 7 B AR f A
22.52% Wb TR N, DX A AR AR A 21— G 3K AL fH 5 1990—2010 A [a] 37 Il A 25 XU i 1] T 22 i,

4 Zr5iie

41 %5t

AHIGE LA 1980—2018 4 = Hiu i) I EICHE Ay Ay, XeF 30 22 80 9t 3 = b A FH A8 Ak AN A= 25 RUBS AT i . A5
LITF 458 .

(1)1980—2018 4F=HH 1] , ] jez 8 7 3ok = b A1) FH 24 760 4 JHL T RR RS /M UHE S hy < ARCHEL Bk b e il /K 3
BEF A AR M, Hod i AR 5 e 60% DL BF b 5 R 58 X TR AR AT 173, 3F 40 4F[8],2000—2018 4F +
HiF AR SRR B B R Z T 1980—2000 4F, AR {6 5 i FH M AN T 5K M JEAFS e BhHh H 25 =40 Fn
IKEA KA AL

(2) 3L 40 48, T2 9 3t 38 DA AR R o S5 A 28 AU X0 2 280 B2 5 LU 7E 60% LA I, 51 25 KL
6 A5 Al 5L 38 B ERARCIRES , 1980—1990 4F 1990—2010 4FF1 2010—2018 4= A= 25 JKURS: 43 1) 5 BRIE | 2 AR gl
% S TR 151 o o = 50 P 3 27 o T B 2 0 0 A O 87 £ A e - | ) @ - e NN 55
GG T A i X TR K I 3 T AR SR R T SR A AR R R A S KU AR AN
42 ifig

ASCHFT S5 5 PN LA AR 5 2 3 1 TR W9 T s AR AFF 5 4538 3 AR — 3, - R FH AR Ak I8 35 R AE SRy 3%
Rk 4 (R TE — R 22 5, A BT R ER AR B U FE b RF S I 1985—2011 AF[R]{R 2 X+
Hi R AR Ak 0 3 BLRRAE | AR A5 D A3 DA A I T IX S0 A 2 XU 15 3 i 38 2 A 2010—2015 4F ], S 86X
— SR IR R A PR T s — Aty 2 B X IR U XA T AT, o e A e 7 A A A A 3 R
FHE , RIS TR 22 5, R ZBO0FSE 3252 2000 4E J5 T 1h , 330 004 8 35 - b ) 735 £ B A 25 XURG: T 72
B BhASHFAE

XiF AR AR X 3845 A A5 KU 25 G i 28 43 A B o AR 00 vl LA & B, S e 0 37 38 15 0 D 0 3t 3> A 25 XU
RS ey ELA B 0 — B, BRI — & DA SRR A S ARG X Ry 328 Y2 a0 A T TG Bl
JEEARRT AR A MR R A B PR P b A S B sl Y o A R AR AR R R AT A S T A {H s S X g —
HZ B NG S0 T4, HoA ST sl i R, A At S R B I 8 A0 0 /K T 300 2 S5 b Jo O 5 1
AT R A A KRR X A T2 NI SIS A K IR i B L R e ST 3k X S A YT
MR Z S JRRITIREUY 2 4 w2 AR S K S 77 X A SR B ME S

ARHIF 5 I T 2 FR G0 S A Ry 5 24 25 AU, 22 ) ) Sk, ) 8 Pl S O P8 8 0 S O Y 553 32 8 50 i 11
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