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Study of the spatial-temporal variation of landscape ecological risk in the upper
reaches of the Ganjiang River Basin based on the “production-living-ecological

space”
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Abstract: This study used remote sensing images from 1995, 2005, and 2015 to analyze the land use evolution
characteristics of the upper reaches of the Ganjiang River Basin from 1995 to 2015 based on the landscape disturbance index
and landscape fragility. The index constructs an ecological risk model for land use; semivariance analysis and autocorrelation
analysis were utilized to study the temporal and spatial changes and driving forces of land use risk in the upper reaches of
the Ganjiang River Basin. The results show that the area of urban and rural living space in the upper reaches of the Ganjiang
River has increased significantly, and the agricultural production area has been significantly reduced. The type of land use
has shifted from ecological and production space to urban and rural living space, and the degree of land use has increased.
From 1995 to 2015, the ecological risk of land use increased gradually. The high-high clusters were mostly distributed in the

vicinity of Zhanggong District, Nankang District, and Xinfeng County, etc. The low-low clusters were distributed in the
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vicinity of Anyuan County and Quannan County, etc. The high- and higher-risk areas gradually expanded, while the low-
and lower-risk areas gradually narrowed. The factors that caused changes in land use types were primarily human factors
such as total population, highway mileage, and urbanization rate. The results of this study can provide a reference point for

the construction of regional ecological security patterns and the optimization of land use layout.
Key Words: ecological risk; production-living-ecological space; spatial characteristics; Ganjiang River Basin
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Table 1 Land use function classification
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Table 2 Construction method of Landscape pattern Indices
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Table 3 1995—2015 in the upper reaches of Ganjiang River Basin land use change
TR Area/km? 1995—2005 2005—2015 1995—2015
TR TR AEALTH AR AEAL TR AL
T e Hk e
Land use function classification 1995 2005 2015 Variation Variation Variation
) Rate/% N Rate/% N Rate/%
area/km area/km area/km
23 [
Z‘Eﬂk’#)ﬂ Il . 6427.91 643456  6306.15 6.65 0.10% -128.41 -2.00% -121.76 -1.89%
Agricultural production of space
Az3a
AR 26415.99  26393.95 26366.77  -22.04 -0.08% -27.18 -0.10% -49.22 -0.19%
Woodland ecological space
B ARZS
UL 2145.12 213635 2102.2 -8.77 -0.41% -34.15 -1.60% -42.92 -2.00%
Pasture Ecological Space
SE2
W5 L .. 354.89 359.52 546.26 4.63 1.30% 186.74 51.94% 191.37 53.92%
Urban and rural living space
A
AR . 352.62 372.42 375.42 19.80 5.62% 3.00 0.81% 22.80 6.47%
The waters of ecological space
:H: K25 R
HESZR 2.47 22 22 -0.27 -10.93% 0.00 0.00% -0.27 -10.93%
Other ecological space
R4 1995—2015 &F L i F) R 4ERE/ km®
Table 4 Transfer matrix of land use in the upper reaches of Ganjiang River Basin from 1995 to 2015
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] ] i . . N
POTEASR) AR RS g o o st fit
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ecological production of rural living . .
ecological space ecological space space
space space space
Aas
B 2080.95 2.48 0.02 18.53 0.22 0 2102.2
Pasture Ecological Space
SR
Zw,kifﬂlﬂ . 15.44 6248.94 3.58 37.22 0.95 0.03 63006.15
Agricultural production of space
¥ TGS (A
2 R .. 27.69 122.63 349.5 45.91 0.54 0 546.26
Urban and rural living space
e[
RRESZ 18.56 34.57 0.89 26312 0.29 0.47 26366.77
Woodland ecological space
A
KBEEZ . 2.49 19.3 0.91 2.12 350.61 0 375.42
The waters of ecological space
:H: N2s
HbESZR 0 0 0 0.22 0 1.98 22
Other ecological space
ST Total 2145.12 6427.91 354.89 26415.99 352.62 2.47 35699
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Fig.2 Local autocorrelation map of ecological risk in the research area
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Table 5 Land use ecological risk index semivariable fitting parameters

gy oy

Veur Vodel C, (C+Cy) C/(C+Cy) /% Range/'m R? RSS

1995 5L 0.0020 0.011 81.62 15415 0.982 1.242x1073
2005 B 0.0016 0.012 86.41 24600 0.997 9.710x107°
2015 i 0.0023 0.013 82.26 15935 0.963 1.318x1073
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Fig.3 Spatial Distribution Map of Ecological risk Grade in the Upper reaches of Ganjiang River Basin
F6 EENBREZFERRELLA (km®,%)
Table 6 Ecological risk grade area and proportion
1995 2005 2015
Eoological risk grade i H il i Hl i il
Area/km? Percent/ % Area/km? Percent/ % Area/km? Percent/ %
1R AUBSE X High risk area 1806.37 5.06% 1902.76 5.33% 2299.02 6.44%
BRI X Higher risk area 3462.80 9.70% 3398.54 9.52% 3798.37 10.64%
R XUBS: X Middle risk area 6793.52 19.03% 6932.75 19.42% 6936.32 19.43%
BACKUKLIX. Lower risk area 11605.74 32.51% 11273.74 31.58% 11313.01 31.69%
IR X Low risk area 12030.56 33.70% 12191.21 34.15% 11353.85 31.81%
F7T HMESKEEENIZRAMERRTHKE
Table 7 Transformation and contribution rate of main land influencing the degree of ecological risk
F T RE R A SR DK L
Land use function transformation Grade change Contribution ratio/ %
\ 2 ] — WA A
KJ#EF:H ﬁ? Az 525 ] N 0.00548 0.04
Agricultural production of space—urban and rural living space
a5 [a]l— G as
A 25 [1] .ibiéi(ﬁlﬂ N —0.00398 0.01
Woodland ecological space—urban and rural living space
L2 ] — o5
R A 25 23 ) .sz.kéEftIla . 0.03136 17.90
Woodland ecological space—agricultural production of space
S ] A5
R A 25 1] .%ﬁﬁi 23 [a] . 0.13533 $.00
Woodland ecological space—pasture Ecological Space
ﬁéiﬁflﬂ]—'ﬁﬂkif’:alﬂ . . 0.01830 2.78
Urban and rural living space—agricultural production of space
23 ] Pl
8 e S L] ?H?ﬂﬂélzm 23 [i] . 0.15094 112
Urban and rural living space—woodland ecological space
2% ] — P
Z@.kiftllﬁ‘l ﬁi’(ﬂiw 23 [] ' 0.07581 1759
Agricultural production of space—woodland ecological space
Al — A
A A 25 [l — bl A 2 s (] 0.08108 947

Pasture Ecological Space—woodland ecological space
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P, Pl & A 356 s (B DA it A 28 () S B0 A 25 XU, S5 b T B8R e D W) ., b il 2 2852 T 2 DA i
SRS ], PR A R SRR, AR AR 252 A1 S ARl A 77 45 8] ARl AR 77 245 1] e S b i A 2852 1] 14
BTHR LU BT R , 23 N 17.90% 5 17.59% , - b ) FI 2 B ) 5 70 S SO WL ES AL 48 B SR LG s 18 U A= 281k
A DA A e R ) S LA A e, S5 LA 25 KU 90, T T AN R U ) S WL ¥ A A B 2 o 5 | A 2 XL 5
PP . BEE RIS S BT A A AR R DR ZE 5 e DXl A 25 XU ) 2 5 R ER, AR S5 A 1 PR 3R UL S g
B, D RE R B4 S S R M TR 3R S AR S5 A P R 3R A R A (A B
3.4 s R AR AR B T o B

N T SRS A RS PR RURE S TG A S R A 2 XU 5 % S IR TR 2K 22 18] ) IR 1, R A it it
PRAEAG AL BRS FHLA T2 08003 0 AR5, IR A1 Jim 2% IR 3 A RF AL | STmkoR A AR TRk an e 8 Fm . 4 3Ksh [
FHIEER T 1 BRI IN R F2 o g SR 5 R | B 2 WU 2 WL F2 J o35 1 sy o A7 A = 26N FRpAiE R Y
RF 1, R R B3t Ttk 84.598 , Htt Al A1, ik =2 X1 S W5 IX 4 A AR AL G 2 220K 8l 77, SR
3AHTAERE 8 KN THLEE R, 5 ZXHAEA T HERE bl i A QSR R 1, (88 P91 2804 (L 1) ARG S 4
DA 25 AR5 S A3 9 MR, e 18 DR 38 Ay (L 17 A A0 S 30 B g S8, ] P A3 TR 7 £ i
Zo H—ERMOMUR BT A HERE AR R A S — B R AR ORIEAR S, R DL B R
WFFE X L A SRR AL A 2 B UK B 3R 5 A3 GDP A2 [ 7 B8 )™ 898 5 28 — i B BORIEAH G &
B8R = U S5 R IEAHOCAE AR, 2% ™l LB AR SCAE AR . BRI W], F5E X -
A AT RN T 20 i BRI R BN , AT Sl oxk - M) FH S Jo (R 5200 7 JEE 3 FRLAS I 5

®8 EBIHIEFEMIPHEESTHE

Table 8 Principal components and contribution ratio of characteristic roots

WAL E FEWCE- T A e J5 FEA
Initial eigenvalue Extract square sum load Rotation square sum loading
W , g o TR p o Sapilies P e A TR
s S R ik R s
Charateristic  Contribution o Charateristic ~ Contribution o Charateristic ~ Contribution o
roots ratio/ % contribution roots ratio/ % contribution Lools ratio/% contribution
rate/ % rate/ % rate/ %
1 3.542 44.278 44.278 3.542 44.278 44.278 2.878 35.980 44.278
2 1.941 24.267 68.545 1.941 24.267 68.545 1.952 24.404 68.545
3 1.284 16.053 84.598 1.284 16.053 84.598 1.937 24.214 84.598
4 0.584 7.294 91.892
5 0.286 3.581 95.472
6 0.195 2.439 97.911
7 0.135 1.693 99.604
8 0.032 0.396 100.00

R IEFEETHMEERE

Table 9 Rotated component matrix

fetr [ Factor JiEF: A F Rotation factor
Index 1 2 3 1 2 3
SN H Total population 0.931 0.009 0.228 0.840 0.347 0.303
A B Total grain yield 0.671 0.433 -0.084 0.322 0.527 0.514
%5 ==L HLTE Tertiary industry -0.446 -0.428 0.688 0.102 -0.222 -0.892
55 7=\l L E Second industry proportion 0.655 -0.213 -0.587 0.383 -0.245 0.782
A¥J GDP Per capita GDP -0.160 0.828 0.403 -0.322 0.844 -0.240
A2 [ 5 PP U Social fixed assets investment 0.639 0.685 0.167 0.302 0.851 0.319
N HLER Highway mileage 0.752 -0.441 0.219 0.885 -0.099 0.121
IR AL 3R Urbanization rate 0.774 -0.419 0.399 0.966 -0.003 -0.011
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4 Z5iie

AL 199520052015 4F 3 HH SO BRI | #4538 T 5o WS J5) 5 AR A8 2 2 1 5o 00 A8 25 KU 8 45, 1
BRSBTS B A A H O i 0 s A A RS 23 ) AR AL R iR B B 8l R R EATRIFSY , LAAB /R T 9% X A 25 XU
Ah 23 AR R S A, 2 SR R

1995—2015 4F[i) 38 3xf X VT _b i - oo 1 S R A B8 11434, AT 6038 v b Ui b IX = b R FH 2 A0 rp el A=
FEAS IR AR Wi 4 /0N, 3% & A 16 FH Hb DR ARG 0, Aol A 7= 43 () 43 B R BE AR K, 3k & A 16 FH b o) B R 5
R EE /N, BT i - iR FH 28 2 8 ply A ™ 255 () AR 252 (0] 1) 3 & AR 3 2 [B) 4 Ak, b 1) R B 4
oo AR TR R AT 48 S s FH M ) B A % 78 2 5 ke IX sl A 25 XU 8 Ak, S [R]85 B8 28 R BT R K/ R
— o EREAS A HAESC AT 5 AR R A T AT (- (A (H-H) SRR 200 TR X mREX F+HE
SEWHET IR~ (L-L) BURR 200 Ticim B 58 L ELV M, Hom—m RAE X ME— R R £ X 5 & KR
DX ARG JXURSE: X A4 20 A 110 B A e v i — 3o, MR 90 = R FH AR AL B B 3 A 25 5 s, N R3Sk 2 2%
B PR A R IR S 2 A PSR AR A AR A R, BN T 2N 6 LR A 3R TR 20T = i A RS S ) 5% i
3 G AT R 5 | T - b R A S 738 A S i 2 DX A S LS SR A8 Ak, T SR X ) A S KR,
FEAR N & P T = Az 23 () (R DRI Ak, B BRI ikt 4 b A FH 2R WA Jm 9 JE 7 R
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