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Spatio-temporal evolution characteristics of agro-ecosystem adaptability
response to global change in South China hilly regions: A case study of
Hengyang Basin’

ZHOU Songxiu', CHEN Linlin’, LIU Lanfang', WANG Peng'

(1. College of City and Tourism, Hengyang Normal University, Hengyang 421002, China; 2. Deqing County Qiushi Senior Middle
School, Huzhou 313200, China)

Abstract: There is renewed interest in the evolution of the adaptability of ecosystem to global change. It is important to study
rice farming regions in hilly areas of Hengyang Basin. As a rice-based agricultural region, it is very important to study the
adaptability of agricultural ecosystem (AAE) in South China. Previous studies have shown that in Hengyang Basin, a typical
agricultural ecosystem in South China, obvious spatial distribution patterns of AAE were higher in periphery regions and lower

in the middle regions of the basin. However, the temporal and spatial variation characteristics of AAE were not completely
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clear. This research used Hengyang Basin as a case study to build the evaluation index system consisting of 12 indicators
ranging from natural to social and then to economic aspects. The evaluation unit consisted of Hengyang Basin and the
surrounding counties. The AAE index for Hengyang Basin was calculated using an entropy method and 16 years of data
(1999-2014) to determine index weight. The results showed that a complex and highly different spatio-temporal variations in
AAE in Hengyang Basin for the different counties and different years. However, the range of the AAE index for the eight
counties (cities) in the basin was 0.249 8-0.679 4, which indicated a medium and high AAE level in the region. In the eight
counties (cities), Leiyang City had the highest AAE, followed by Qidong County, and Changning County was the weakest. The
coefficients of variation for the different counties (cities) showed that change in AAE was highest for Changning City and
lowest for Hengnan County for the period 1999-2014. There was a wave-like trend in AAE for Leiyang City with rises and
falls. The evaluated 16 years was divided into three periods — the period 1999-2004 was the period of low index and small
amplitude oscillation, the period 2005-2010 was the one of an overall rise with significant fluctuation in adaptability, and then
the period 2010-2014 was the period of rapid rise AAE index. The conclusions in this study provided a useful reference to
guide sustainable agricultural development in the hilly regions of South China.

Keywords: Agricultural ecosystem; Adaptability; Entropy weight method; Spatial evolution; Temporal evolution; Hengyang Basin
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Table 1 Evaluation index system of agricultural ecosystem adaptability
C )
Factor Index Definition (unit) Attribute Weight
X . . 0.089 5
Natural Annual mean temperature Annual mean temperature (‘C) Positive
e - o g 0.080 7
Annual average precipitation Annual average precipitation (mm) Positive
X3:4—6 4—6 /
Precipitation proportion during Precipitation during April to June / annual precipitation . 0.0817
. Negative
April to June (%)
X, / - 0.098 4
Forest coverage Forest area / total area (%) Positive
' Xsi / ' . 0.063 7
Social Per capita arable land Arable land area / total population Positive
Xoi _ ' / S A 0.099 7
Population density Total population / total area (persons-km ) Negative
o . o L 0.079 5
Proportion of later rice Area of later rice / rice area (%) Positive
Xe: GDP GDP/ 0.063 7
Economy Per capita GDP GDP / total population (¥person”") Positive ’
o o . 3 0.064 2
Net income per farmer Per capita net income of farmers (¥-person™ ) Positive
Xio: /
o L Amount of fertilizer application / total arable land area . 0.0929
Fertilizer application rate 2 Negative
(thm ™)
X /
IB
ici icati 0.098 0
Pesticide application rate Amount of pesticide appllcatlgn / total arable land area Negative
(thm ™)
M . . o , , 0.088 1
Farmer Engel coefficient Food expenditure / total consumption expenditure (%) Negative
[16]
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Table 2 Coefficients of variation of the agricultural ecosystem
adaptability of each county (city) in Hengyang Basin from 1999
to 2014
Region Coefficient of variation
79 5 km, 1 203.94 km Hengyang City 01526
1 2 , ,2 24 ,3 Hengyang County 0.172 8
39 .4 13 ,5 1 Hengnan County 0.1329
, 1 , Hengshan County 0.196 7
3 , 271 , 27900 Hengdong County 0.216 2
2 947 4 654 km, 426 53612 m, Qidong County 0.151'1
4.42 m3( 3.27 m’ Leiyang City 0.196 7
0.48 m’ 0.67 m3)’ 3.9 hmZ’ Changning City 0.22717
78.1%, 33 hm2’ Hengyang Basin 0.2312
64.58%!*"
, 0.1511
[22] 13 ) ) s
1 000 m 16 , 800~1 000 m 63 ’ 4
, 20
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Table 3 Degree of the agricultural ecosystem adaptability in Hengyang Basin from 1999 to 2014
Year Adaptability index Adaptability degree Year Adaptability index Adaptability degree
1999 0.4102 Medium 2007 0.446 0 Medium
2000 0.4557 Medium 2008 0.3712 Lower
2001 0.3779 Lower 2009 0.3337 Lower
2002 0.3952 Medium 2010 0.4851 Higher
2003 0.329 6 Lower 2011 0.4559 Medium
2004 0.398 2 Medium 2012 0.5323 Higher
2005 0.318 0 Lower 2013 0.583 6 Highest
2006 0.340 0 Lower 2014 0.679 4 Highest
3.2.2 R 2)
, 2005—2010
R , 2005
R 0.318 0, 2005 2006 , 2007
s , 2008 2009
; , 2010 s
> , 49%
1 3 , 2001—2006 ,
, 2007—2009
; 2010—2014 22 2005 )
2, 0.2312 « ”
R 2005—2010
, 2001—2013 R GDP 8 800 20 419
(1980—2013 (231 , 56%
s 21
16 ,2003 2005 2007 2009
, 1999—2004 2011 3,
2005—2010 2010—2014 R 2008
1)) )
2 3 , 1999—2004
3)
, 2010—2014
1999—2004 s 2010
3480 190 , GDP 0.4851, 2014 0.679 4, R
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