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Spatio-temporal evolution of ecologically-sustainable land use in the luoxiao
mountains and responses of its ecosystem services: A case study of Jinggangshan
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Abstract: Ecologically-sustainable land use is essential for human beings to survive. The changes to land use in
mountainous areas the resources used and the environmental effects caused by people are reflections of changes in people—

land relations mountain regional system. It is important to understand and discuss the spatio-temporal distribution and
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mechanisms of ecologically-sustainble land use for maintaining regional ecological balances and for guiding sustainable
economic and social development. Based on the land use spatial analysis model and meta-analysis method the spatial
pattern of changes to ecologically-sustainble land use and the profit and loss of ecosystem services in Jinggangshan were
analyzed. Logistic regression and geo-detectors were used to diagnose the spatial orientation characteristics and measure
change over time of ecologicallysustainble land use.The results showed: ( 1) From 1990 to 2015 ecologically-sustainble
land use in Jinggangshan has changed significantly showing a continuous downward trend which is especially obvious near
urban area where the land is used for construction. ( 2) Dominant factors influencing ecologically-sustainble land use over
time are population numbers and industrial development. In the spatial change pattern the distance from the river and the
distance to the regional center have a great influence on changes ecologically-sustainble land use in Jinggangshan. ( 3) From
1990 to 2015 the value of ecosystem services decreased but the rate of decrease slowed down gradually and the annual
average decrease from the years 1990—2000 years was greater than the average annual decrease during the years 2000—
2015. Woodlands provided the greatest contribution to ecosystem services. Countryside revitalization efforts in the
mountainous area should be guided by the value of ecosystem services and aim to achieve optimal coordination between
farmers” livelihoods and ecological security. Meanwhile making use of geographical resources in the mountains and

strengthening the integration of the three industries will promote “the countryside revitalization” in the mountains.

Key Words: ecological land use; spatio-temporal evolution; pole-field—region spatial drive; detection; ecosystem

services; Jinggangshan
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Fig.1 Location of Jinggangshan City

1

Table 1 Spatial and temporal driving factors for ecological land use

Spatial driver Time driver
( )
Development area Slope ( x1) The natural Annual precipitation ( yl)
('site conditions) environment
Slope direction ( x2) Annual mean temperature ( y2)
Elevation ( x3) Annual total sunshine hours ( y3)
Driving pole GDP Rate of change of GDP ( y4)

( economic location)

( )

o . Distance to the Natural population growth rate
Spatial field ( geographical L.
) main highway ( x4) (y5)
location)
( x5) Distance to -
the main river ( x5) Urbanization rate ( y6)
( ) Rate of change of primary
Driving pole ( economic location) structure ( y7)
Distance to town Rate of change of secondary
( x6) production structure ( y8)
2.2
221
@  CIS . ( TRi)
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2 1990—2015 /hm?
Table 2 Land transfer matrix in Jinggangshan from 1990 to 2015

Time Land-use type Forest Grassland Water area Cultivated land ~ Construction land
97166.6 1908 50.93 3952 120.17
1296.48 3972 0 198.12 21.36
1990—2000 48.93 0.96 176.38 32.78 0.07
98512.01 5880.96 227.31 4182.9 141.6
3759.14 171.7 67.62 12801 381.41
101.91 9.93 0.06 381.25 734.82
3861.05 181.63 67.68 13182.25 1116.23
101546 519.91 21.79 124.15 166.67
50.97 5744.13 0 55.91 211.22
2000—2015 0.14 0 294.85 0 0
101597.11 6264.04 316.64 180.06 377.89
45.05 9.34 1.08 17166.7 143.14
2.09 0 0 3.79 1251.95
47.14 9.34 1.08 17170.49 1395.09
1990—2015

( 2). 1990—2000
4.33x10* hm?

3.95% 1.2x
10°hm*  3.95x10°hm’; .
4.11x10°hm’ 93.94% e
0.06 hm’. i
1990—2000 Bl 199043k AR HME = B
2 1990—2015
Fig.2 Expansion of non-ecological land in Jinggangshan City
o from 1990 to 2015
2000—2015
5.58%10*hm’ 67.72%

: 0.58%10*hm?
10.32%

(1) 1990—2000

2000—2015 ; N

90.84%  114.16% « »

. (2)  2000—2015
1990—2000
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3 (1990—2015 )
Table 3 Dynamic changes of ecological land in Jinggangshan City ( 1990—2015)
Transfer part Additional part
Time - Beological land 2 Proportion/ze PV Rate/%  Area/hm®  Proportion/% Pt Rate/%
(hm*/a) ( hm?/a)
1990—2000 6031.25 79.03 603.13 6.21 5206.46 70.21 520.65 5.36
1517.5 19.88 151.75 38.21 2090.56 28.19 209.06 52.64
82.74 1.08 8.27 46.91 118.61 1.6 11.86 67.25
7631.49 100 763.15 7.09 7415.63 100 741.56 6.89
2000—2015 832.52 72.35 55.5 0.82 98.25 15.11 6.55 0.1
318.1 27.64 21.21 5.54 529.25 81.38 35.28 9.21
0.14 0.01 0.01 0.05 22.87 3.52 1.52 7.76
1150.76 100 76.72 1.07 650.37 100 43.36 0.6
3.2
SPSS 20.0 4
12 o
4 Meta
Table 4 Meta regression analysis variable assignment coding
Variable name Variable description assignment
dependent variable
\ Value of ecological land per hectare
. Independent variable:
(1 Value assessment methods
METHOD1 Direct method 1/0
METHOD2 Indirect method 1/0
METHOD3 Synthesis 1/0
(2) Types of ecosystem services
TYPE1 Gas regulation 1/0
TYPE2 Climate adjustment 1/0
TYPE3 Water conservation 1/0
TYPE4 Soil Formation and Protection 1/0
TYPES Waste disposal 1/0
TYPE6 Biodiversity conservation 1/0
TYPE7 Food production 1/0
TYPES Raw material 1/0
TYPE9 Entertainment culture 1/0
(3) Area variable
AREA Ecological land area -
(4) Regional economic variables
ECO GDP Per capita GDP -
(5) Population variables
PEO Population density -

http: //www.ecologica.cn
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5 Meta
Table 5 Results of meta-regression value transfer function
Variable Coefficient t Sig.
GDP average GDP -3.71 1.031 0
Population density 2.68 3.024 0.001
Ecological land area 6.372 0.035 0
Direct method 16 835.17 0.039 0
Indirect method 13216.92 0.02 0
Comprehensive method 11 324.60 2.678 0
Gas regulation 2.453 3.078 0.005
Water conservation 1.563 2.029 0
Soil formation and conservation 4.381 1.258 0
Biodiversity protectio 2.733 -4.179 0.002
Food production -1.492 0.252 0
Raw material 1.842 0.34 0
3033
1 . VO - Vm
AVDEVIATION = — ¥ | =2—"1100% (6)
nom=1i m
: AVDEVIATION ‘n v, v, .
25.6% 20%—40% “
o 1990—2015
2000—2015 1990—2000 ( 6o
97% - 1990
30.49 ;2000 30.32 1655
2 ; 2015 30.16
3267 ]
6
Table 6 Results of ecosystem service value transfer in Jinggangshan City
/ 1990 2000 2015
Ecological land ( hm™2a™)  AESV/ /%  AESV/ /%  AESV/ 1%
Forest 28875.9 -2414.66 76.07 -2120.27 80.64 —-4534.93 78.14
Grassland 9568.1 541.41 17.06 370.89 14.11 912.3 15.72
Water area 60751.7 218.04 6.87 138.03 5.25 356.07 6.14
Total — -1655.21 100 -1611.35 100 -3266.57 100
1990—2015
63.36% 63.37% (7).
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7

Table 7 Single Ecological Service Value of ecological land in Jinggangshan City and its changes

1990 2000 2015
. . . 1990—2000 2000—2015
Ecological service function ESV/10° % ESV/10° % ESV/10° %
0 ’ AESV/10° ’ AESV/10°
Gas regulation 483.22 15.85 479.95 15.83 -3.27 476.96 15.81 -2.99
Climate regulation 374.98 12.3 372.7 12.29 -2.29 370.55 12.29 -2.15
Water conservation 449.28 14.74 447.31 14.75 -1.97 445.23 14.76 -2.08
. . . 546.14 17.91 543.29 17.92 -2.85 540.51 17.92 -2.79
Soil formation and conservation
Waste treatment 194.43 6.38 194.82 6.43 0.39 194.77 6.46 -0.05
o . 453.45 14.87 450.78 14.87 -2.67 448.25 14.86 -2.53
Biodiversity protection
Food production 15.85 0.52 15.97 0.53 0.12 16.03 0.53 0.06
Raw material 355.02 11.64 352.18 11.61 -2.84 349.68 11.59 -2.5
Entertainment culture 176.37 5.79 175.19 5.78 -1.18 174.1 5.77 -1.09
Total 3048.74 100 3032.19 100 -16.55 3016.08 100 -16.11

33
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Fig.3 Horizontal distribution of spatially-driven elements in Jinggangshan City
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Table 8 Correlation coefficient of logistic regression for spatial change of ecological land

B S.E.  Wals It P OR
Ind dent variabl Driving Standard The Wals . ‘ Significance Occurrence
ndependent variz arianc:
ependent vanable factor3 error S.E. statistics vananee level P rate OR
Elevation -0.003 0.031 0.01 1 0.009 0.997
Slope -0.109 0.024 20.088 1 <0.001 0.897
Slope direction -0.062 0.021 8.914 1 0.003 0.94
. .029 1.77 1 .01 1.04
Distance to the main highway 0.039 0-0 5 0.018
Distance to town 0.121 0.03 15.878 1 <0.001 1.129
. L. 0.178 0.027 43.966 1 <0.001 1.195
Distance to the main river
constant -0.354 0.078 20.671 1 <0.001 0.702
Y o 8
(0.178) . (0.121) . (-0.109)
34
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Table 9 Detection results of driving factors for ecological land use changes in Jinggangshan City
Climatic conditions Social economy
Annual Annual . Primary Secondary
Annual GDP Popule
Index threshold Tm,u‘l, average sunshine .()pu ation Urbanization industrial industry
precipitation . ncrease
temperature duration structure structure
First <1641 <18 <1342 <4.6 <1 <27 <=70 <=9
Second 1641—1920 18—18.2 1342—1395 4.6—5.2 1—1.8 27—38 -70—-54 -9—=2
Third 1920—2115 18.2—18.5 1395—1505 5.2—6.7 1.8—6.4 38—46 -54—-35 -2—3
P 0.26 0.07 0.13 0.38 0.52 0.23 0.49 0.37
48-49
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