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A long-term site study for the ecological risk migration of landscapes and its

driving forces in the Sanjiang Plain from 1976 to 2013

LIU Chunyan ZHANG Ke LIU Jiping*
College of Tourist and Geoscience Jilin Normal University Siping 136000 China

Abstract: The ecological risk pattern of the landscape on the Sanjiang Plain has experienced tremendous change in recent
years with the influence of natural processes and human activities. In this study we collected data in the Sanjiang Plain
from 1976 to 2013. Based on GIS and RS technologies we established a landscape risk index and simultaneously analyzed
the corresponding driving forces for the ecological risk of landscapes in the Sanjiang Plain using grid analysis and the
geographic detector method. The results showed that landscape loss of farmland grassland and wetlands decreased slowly

whereas the loss of forest land and residential land continued to increase. Overall the ecological risk was lower in the
Sanjiang Plain from 1976—2013. From the spatial distribution perspective the landscape ecosystem was primarily at a high
risk in 1976 whereas it was primarily at a low risk in 2013. In addition the areas with low low-medium and medium
risks continued to expand into the vast west and southwest regions of the Sanjiang Plain which was accompanied by a
gradual retreat of the medium-high and high risk areas to the north of Heilongjiang and to the eastern Wusuli River along the
protected areas and banks. From 1976 to 2013 ecological risk experienced a gradual migration to the southwest of the
Sanjiang Plain and the risk center of gravity migrated a distance of 37.8 km. The landscape pattern of ecological risk in the

Sanjiang Plain experienced a change that was influence by altitude geomorphology residential distance distance from the
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reserve and human disturbance whereas residential distance human disturbance and distance from the reserve explained
much of the landscape ecological risk. The explanatory power of human disturbance ( 71.2%)  residential distance
(64.6%) and distance from the reserve ( 43.7%) was significantly higher than that of geomorphology type ( 11.2%) and
basin type ( 8.9%) in 1995 and the explanatory power of the geomorphology type ( 23.5%) in 2013 was also slightly
greater than that of distance from the reserve (23.3%) . This result could provide a scientific basis for wetland protection

and restoration.

Key Words: landscape ecological risk; landscape index; geographic detectors; human disturbance; the Sanjiang Plain
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Fig.1 Location map of the Sanjiang Plain
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Table 1 Calculation methods of landscape pattern indices
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1976 0.7345 2013 0.2643
( 2o
2 1976—2013
Table 2 Indices of landscape patter from 1976 to 2013 in the Sanjiang Plain
- . . o - " il .
Landscape type Time Area/km? Number l‘ra,,'mentatlon Ab.ruptmn F led.ommance O])élru(,tlon l‘.rablhty D.ammf)
index index index index index index
Farmland 1976 32380 3203 0.68 0.97 0.55 0.75 0.10 0.0753
1995 49405 2045 0.48 0.84 0.79 0.62 0.10 0.0619
2013 61388 3224 0.41 0.70 0.75 0.53 0.10 0.0531
Woodland 1976 39948 5424 0.64 0.93 0.71 0.73 0.26 0.1920
1995 38511 4357 0.64 0.88 0.63 0.71 0.26 0.1849
2013 31775 5118 0.69 0.98 0.69 0.78 0.26 0.2028
Grassland 1976 7234 4091 1.00 0.99 0.20 0.92 0.42 0.3863
1995 4108 2166 0.86 0.64 0.13 0.72 0.42 0.3028
2013 3280 1565 0.65 0.42 0.10 0.53 0.42 0.2226
Water area 1976 3204 601 0.28 0.99 0.06 0.47 0.58 0.2769
1995 4761 592 0.26 0.99 0.07 0.46 0.58 0.2668
2013 5775 508 0.23 0.99 0.07 0.44 0.58 0.2552
1976 1614 6240 0.73 1.00 0.16 0.75 0.74 0.5580
Residential land 1995 2227 6265 0.99 1.00 0.23 0.91 0.74 0.5304
2013 2309 6137 0.99 1.00 0.22 0.92 0.74 0.6808
Wetland 1976 24417 4022 0.79 0.99 0.45 0.82 0.90 0.7345
1995 9818 1132 0.45 0.69 0.18 0.50 0.90 0.4486
2013 4261 484 0.32 0.32 0.08 0.29 0.90 0.2643
2.2
221
ArcGIS 10.2 1976 1995 2013 1222
Kring ERI 1976 1995 2013
( ER1<0.12) .
(0.12<ERI<0.17) . (0.17<ERI<0.22) . (0.22 <ERI<0.27) ( ERI
=027)( 2) 1976 1995 2013 ( 3).
2 1976 41.51% 26.80%
; 14.73%
0.4x10" km’
1976 1995 3.6x10" km®  0.6x10" km’
N 80%
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Fig.2 Spatial distribution pattern of ecological risk from 1976 to 2013 in the Sanjiang Plain
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Fig.4 Change of ecological risk from 1976 to 2013 in the Sanjiang Plain
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Fig.6 Relationship between landscape ecological risk and altitude

from 1976 to 2013 in the Sanjiang Plain Fig.7 The relationship between landscape ecological risk and

distance from residential area from 1976 to 2013 in the Sanjiang
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. 1995 (71.2%) . (64.6%) .
(43.7%) . (11.2%) . (8.9%) .
2013
(36.9%) . (32.8%) . (23.5%)
(23.3%)
3 /%

Table 3 The contribution of the driving factors of landscape ecological risk

Distance
Geomorphology . Average Annual . . Human Residential rsance
Year Basin type . Altitude Soil type . . from the
type temperature  precipitation disturbance distance
reserve
1976 24.8 27.2 15.4 53 4.7 3.1 41.3 36.4 —
1995 11.2 8.9 5.5 5.6 4.2 8.5 71.2 64.6 43.7
2013 23.5 19.6 1.8 1.9 3.2 2.9 36.9 32.8 23.3
(1) 1976—2013 . o
(2) 1976—2013
. 1976 1995 2013
(3) N .
: 0—35 m N N
GDP
(References) :
1 . — . 2007 27( 11) : 4877-4885.

2015 70(4) : 664-667.
2015 22( 1) : 241245 251-251.

A W N

Santos R Joyeux A Besnard A Blanchard C Halkett C Bony S Sanchez W Devaux A. An integrative approach to assess ecological risks of

surface water contamination for fish populations. Environmental Pollution 2017 220: 588-596.

5 Ayre K K Landis W G. A Bayesian approach to landscape ecological risk assessment applied to the upper Grande Ronde watershed Oregon.
Human And Ecological Risk Assessment: An International Journal 2012 18(5): 946-970.

6 Molinos ] G Takao S Kumagai N H Poloczanska E S Burrows M T Fujii M Yamano H. Improving the interpretability of climate landscape

metrics: An ecological risk analysis of Japan’s Marine Protected Areas. Global change biology 2017 23( 10) : 4440-4452.

http: //www.ecologica.cn


wjf
高亮


3740 38

17
18

19

20
21
22

23
24
25
26

27

28
29
30
31
32
33
34
35

Bayliss P van Dam R A Bartolo R E. Quantitative Ecological Risk Assessment of the Magela Creek Floodplain in Kakadu National Park
Australia: Comparing Point Source Risks from the Ranger Uranium Mine to Diffuse Landscape-Scale Risks 2012 18(1): 115-151.
Paukert C P Pitts K L. Whittier ] B Olden J D. Development and assessment of a landscape-scale ecological threat index for the Lower Colorado

River Basin. Ecological Indicators 2011 11( 2) : 304-310.

. 1954—2010 . 2014 34(12):
3234-3244.
2011 23(4): 642-648.
2014 25(7): 2041-2048.
—_ . 2016 35(1): 1-10.
2017 72(1): 116-134.
. GB/T7929—1995 . : 2003.
1996.
2011 31(12):
3441-3450.

2016 18(6) : 767-778.

— ) 2012
32(12) : 3645-3655.
. 1989—2010 . 2014 33
(2): 167-174.
2013 28(5): 154-159 194-194.
2010 21(5): 1120-1128.
. 1955—2010 ) 2016 36(6) :
879-887.

2010 25(7) : 1088-1096.
2017 28(1):22-31.
2016 36( 14) : 4307-4316.
. 1954—2005
2009 7(3): 208-217.
LiuJP Sheng LX LuX G LIU Y. A dynamic change map of marshes in the Small Sanjiang Plain Heilongjiang China from 1955 to 2005.
Wetlands Ecology and Management 2015 23(3) : 419-437.
2009 18(2): 186-190.
2000 55(2): 151-160.
2012 10(3): 5-8.
2016 36( 11) : 3280-3291.
Pickett ST A White P S. The ecology of natural disturbance and patch dynamics. London: Academic Press 1985.
2002 11(4): 1-9.
. . 2015 70(7): 1068-1079.
2002: 135-146.

http: //www.ecologica.cn


wjf
高亮


