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Landscape Metrics and Spatial Statistics for Monitoring Natural
Restoration After Landslides

Uen-Hao Wang*:2  Han-Ching Hsieh ! Pei-Jung Wang Shyue —Cherng Liaw 2"

ABSTRACT In this study, multitemporal landslide layers combined with landscape metrics, spatial analysis, and
logistic regression were used to monitor spatiotemporal changes in forest restoration and identify key factors promoting
natural restoration. The total area of landslides caused by Typhoon Morakot markedly decreased within the first 2 years,
followed by a gradual decline. Ecological regeneration peaked in 2012 and then stabilized. Logistic regression indicated
landscape indicators such as CONTIG (a patch metric), distance from the landslide boundary, AREA (a patch metric),
elevation, and slope gradient as key factors influencing natural restoration. These findings highlight the importance of
seed source availability in the natural restoration of landslide areas. Landslide areas with more dispersed landscapes,
larger areas, lower elevations, and gentler slopes appear to be more conducive to natural restoration. The results may

guide future forest management.

Key Words: landslide, natural restoration, spatial autocorrelation, landscape metric, logistic regression
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Fig.1 Lioukuei experimental forest area
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Fig.4 Natural restoration sites in Lioukuei experimental forest area
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Fig.5 Area of landslide and restoration in 2010-2018
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Fig.6 Percentage of ecological restoration area in nat-
ural and plantation forests from 2010 to 2018

x4 BAREEEEZTHBEMEREER
Table 4 The result of Global Moran's I in natural res-
toration area

Year Moran’s Index P-Value
2011 0.0636 <0.0001
2012 -0.0011 0.8788
2013 -0.0004 0.8105
2014 -0.0001 0.6717
2015 0.0001 0.5719
2016 0.0002 0.5265
2017 0.0003 0.4866
2018 0.0001 0.6064
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Fig.7 Landslide landscape metrics from 2010 to 2018
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Table 5 The result of Pearson correlation analysis
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FORAEPTEE I H IR A SV & B R
JH > Hosmer £ Lemeshow 7€ » FrfsZ RITER
260.291 » BHEME P <0.01 » (URAIE A FUHIE AN RS
HIE 2 AR —EHZE R - 559K SPSS FHREE !
P EFTEHI# 2 >~ ROC (Receiver Operating Characteris-
tic Curve) HH4R K ELfR43 T HEIf& AUC (Area Under the
Curve) » A& RA0E 8 - 1 ROC HhidR il & AL TH
HIth4r B4 > H AUC F 0.801 » (AREAIFHIE A #
AT -

AREA PERIM PARA FRAC CONTIG CIRCLE

DEM SP AP

TWI SPI RA ™ DS

HPRAIfE (AREA) 1.000
i¥EEE (PERIM) 0974 1.000
FEmMELL (PARA)  -0.547 -0.528 1.000
4 (FRAC) 0.661 0.758 -0.404 1.000
HOTHS B (CONTIG) 0.558  0.538  -0.997 0.413  1.000
FETEIRIERE (CIRCLE) 0328 0.397 -0.280 0.689  0.277 1.000
=2 (DEM) -0.135 -0.177 0.051 -0.147 -0.055  -0.100  1.000
B (SP) -0.111 -0.110 0.065 -0.082 -0.065 -0.023  0.056 1.000
BE (AP) -0.078 -0.039 -0.003 -0.013  0.003 0.035  -0.158 -0.150 1.000
IR E(TWI)  -0.007 -0.003 0.027 0.013  -0.029  0.032 -0.038 -0.400 0.026 1.000
EORTRESSEI(SPI)  -0.002 -0.003  0.010 -0.005 -0.011  -0.001  -0.022 -0.020 -0.008 0.233  1.000
& (RA) -0.024 -0.018 -0.075 -0.011 0.079  0.079  0.015 0.100 -0.092 -0.039 -0.025 1.000
FoR ™ 0.117 0.157 -0.048 0.125  0.053 0.084 -0.985 -0.050 0.158 0.021 0.010 -0.007 1.000
PEERIEHE FLAYREEE (DS) 0.305 0.261 -0.387 0.139  0.39%4 0.073  -0.008 -0.070 0.014 0.003 -0.008 0.075 0.010 1.000
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Table 6 The result of Multicollinearity test of variables
Variables VIF
IEPEAfE (AREA) 31.206
PR E (PERIM) 39.647
JARHEMELE (PARA) 208.910
IR (FRAC) 5.469
HATIEEAE (CONTIG) 213.988
HEIARIERE (CIRCLE) 2.200
=2 (DEM) 35.532
BeRE (SP) 1.266
#¥E (AP) 1.118
M RERE (TWI) 1.288
GRS (SPD) 1.068
P& (RA) 1.066
FoB (TM) 35.238
FERAEIIB SEERE (DS) 1.249
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Table 7 The result of Logistic Regression

B S.E. Wald P-value Exp(B) VIF

IEHRHETE (AREA) 0.501 0.021 574.262 <.001 1.651 2.410

S 4R (FRAC) -0.239 0.023 112.52 <.001 0.787 3.244

M85 (CONTIG) -0.907 0.027 1128.105 <.001 0.404 1.627

FEEIZRISIEE (CIRCLE) 0.211 0.017 158.758 <.001 1.235 2.067

&2 (DEM) -0.418 0.012 1267.522 <.001 0.659 1.059

YERE (SP) -0.287 0.014 406.229 <.001 0.751 1.263

elE] (AP) 0.075 0.012 36.991 <.001 1.078 1.082

RS 8 (TWI) -0.105 0.015 50.661 <.001 0.9 1.279

EREEEIE R (SPD) 0.197 0.053 13.628 <.001 1218 1.066

& (RA) 0.202 0.012 291.384 <.001 1.224 1.049

IR AR IS FLAVEERE (DS) -0.757 0.012 3674.223 <.001 0.469 1.223
Constant 1.792 0.015 14224.188 <.001 6.004

AUC=0.801

8 ROC HhifREd AUC HET§
Fig.8 ROC curve and AUC area
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