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Spatio-temporal evolution of landscape patterns and their driving factors in
Xinhua County based on the POGD-MGWR model

WANG Yamin, CHEN Caihong, SHE Jiyun
(College of Forestry, Central South University of Forestry and Technology, Changsha 410004, Hunan, China)

Abstract: [Objective] Analyzing the spatiotemporal dynamics of landscape patterns and their driving factors
is critically important for effective regional landscape utilization and ecological environment management.
[Method] This study, based on land use data, quantitatively assessed the dynamic changes in landscape
patterns of Xinhua County, Hunan Province, from 2000 to 2020 using a landscape type transition matrix and
landscape index. Furthermore, the study employed a coupled model integrating the parameter-optimized
geographical detector (POGD) and multiscale geographically weighted regression (MGWR) to analyze the
impacts of natural and socio-economic factors on the landscape patterns. [Result] (1) From 2000 to 2020,
cultivated land area in Xinhua County showed a continuous decline, whereas construction land expanded

significantly. The transition intensity of landscape types was most pronounced during 2015-2020, indicating
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more frequent and complex conversions among landscape types. (2) At the landscape type level, the dominance
index of forestland patches increased steadily, while that of cultivated land decreased. Fragmentation, edge
complexity, and shape irregularity intensified for cultivated land, forestland, and construction land. At the
overall landscape level, the pattern became more complex, with an increase in patch number, a decline in
connectivity, and a gradual enhancement in landscape diversity. (3) Normalized difference vegetation index
(NDVI), population size, and elevation were the main driving factors influencing the landscape pattern. The
interactive effects between natural and anthropogenic factors were significantly stronger than the effects of
single factors. The impacts of NDVI and slope on landscape pattern exhibit pronounced spatial heterogeneity,
with NDVI exerting a negative impact on landscape pattern in most areas, while slope shows a coexistence of
both positive and negative effects across space. [Conclusion] The overall landscape pattern of Xinhua County
shows a trend of fragmentation, with increased heterogeneity and complex patch morphology. The changes in
this landscape pattern are mainly driven by a combination of natural and social factors. [Ch, 7 fig. 5 tab. 32 ref.]
Key words: landscape pattern; parameter-optimized geographical detector (POGD); multiscale geographically
weighted regression (MGWR); Xinhua County of Hunan Province
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Figure 1  Spatial distribution map of landscape types in Xinhua County
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Figure 2 Sankey diagram of landscape type transition matrix for

Xinhua County from 2000 to 2020
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Table 2 Landscape-level index changes in Xinhua County from 2000 to 2020
4y NP> PD/A(A+km?)  ED/m-hm™) LSI CONTAG  COHESON  DIVISION  SHDI Al
2000 2364 0.654 27.421 43.572 69.264 99.763 0.878 0.804 95.849
2005 2 346 0.649 27.904 44.293 69.067 99.766 0.878 0.808 95.771
2010 2349 0.650 27.637 43.892 69.102 99.779 0.855 0.808 95.817
2015 2549 0.705 28.105 44.594 68.694 99.770 0.856 0.817 95.748
2020 2497 0.691 28.862 45.733 68.240 99.768 0.858 0.827 95.634

i . NP. BEHREUE; PD. BEHLS % ; ED. dh 4% )% ; LSL St IRTEH; CONTAG. & 4E [ #5%0; COHESION. % il J¥ 5 % ;

DIVISION. 5t Wi/> % ; SHDI R LkENE; AL BEFE,
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Figure 4 Spatial distribution map of landscape diversity and fragmentation in Xinhua County
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Table 4 Results of factor detection analysis

. HARI TR T (q) 2B TR T1(g)
Xl XZ X3 X4 XS X6 X7 X8 X9 XlO
2000 0.173**  0.126**  0.121**  0.149**  0.054**  0.011*  0298**  0.104** 0.176%* 0.049%*
2005 0.177**  0.126**  0.042**  0.148**  0.064**  0.058**  0220%*  0.105%* 0.184%* 0.117%*
2010 0.184**  0.135%*  0.097**  0.164**  0.113**  0.039%*  0291**  0.109** 0.182%* 0.050%*
2015 0.179%*  0.139**  0.146**  0.154**  0.073**  0.153**  0275%%  0.110%** 0.188** 0.111%*
2020 0.178**  0.136**  0.150**  0.171**  0.039%*  0.148%F  0227%F  0.104** 0.188** 0.073%*
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Figure 6 Influence of factor interactions
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Table 5 Comparison of OLS Model, GWR Model, and MGWR Model

OLS GWR MGWR
G
AlCc R SRR AlCc R? WEFHIR AlCc R W E R

2000 8 714.863 0.399 0.399 6 692.658 0.746 0.705 6 589.975 0.738 0.704
2005 8 858.513 0.375 0.375 7175.527 0.713 0.666 7 165.950 0.691 0.652
2010 8 893.702 0.370 0.369 6 780.446 0.741 0.699 6 756.838 0.727 0.690
2015 8 984.884 0.354 0.354 6930914 0.731 0.687 6 862.574 0.720 0.682
2020 9058.487 0.341 0.341 7096.210 0.719 0.673 7010.933 0.710 0.670
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Figure 7 Spatial distribution of multiscale geographically weighted regression (MGWR) regression coefficients for each driving factor
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